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Hall's Cave contains 3.7 meters of well-stratified, bone-bearing, elastic sediments. 

Eleven radiocarbon determinations provide good temporal control and indicate that 

deposition occurred fairly continuously over least the past 15,000 years. These sediments 

contain abundant, well-preserved vertebrate remains that reflect the changing central 

Texas faunas through the latest Pleistocene and Holocene. Hall's Cave contains the 

remains of at least 62 species of mammals and at least 48 species of non-mammals. The 

fauna includes at least 12 extinct {one turtle, 3 birds, and 8 mammals) and 22 extralimital 

taxa. The paleoenvironmental study of the fauna includes the analysis of climatic tolerance 

of important taxa based on their geographic ranges. 

During the Last Glacial Maximum, the central Texas climate was cooler and moister 

than modern. Mean annual temperature was probably 5°C or more cooler, and summer 

temperatures were at least 2°C cooler. Effective moisture was higher in all seasons and 

precipitation was probably higher in the summer. The eastern and central Edwards Plateau 

was covered with a deep red soil that supported a diverse grassland community. 

Between 14,500 and 12,500 RCYBP rapid warming and possibly drying occurred. 

This resulted in the extirpation of several cool and/or mesic adapted species. By 12,500 

the temperature of the Edwards Plateau may have been close to modern conditions. The 
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drying was part of gradual trend of decreasing moisture that peaked at approximately 3500 

RCYBP. Several more mesic intervals, approximately 10,400 to 9000 RCYBP and 

approximately 2500 to 1000 RCYBP, interrupted the general drying trend. After 1000 

RCYBP drying conditions resumed. 

Gradual down-wasting of the soils accompanied the drying and resulted in 

decreasing soil depths. This soil loss led to the extirpation of numerous burrowing taxa. 

Throughout the interval the western Kerr County area was covered with an open 

vegetation, probably a grassland or open savanna. 
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INTRODUCTION 

The dramatic climatic changes that occurred during the past 25,000 years led to a 

major reorganization of the biotic systems of North America. Although located far from the 

expanding and contracting ice-sheets, central Texas experienced important changes in 

climate that led to important floral and faunal changes (see Bryant and Holloway, 1985; 

Graham, 1987; Lundelius, 1967, for example). 

In the past decade a large amount of research has focused on reconstruction of the 

changing environments of this period. Much of this research has used biological proxy data 

(CLIMAP Members, 1976; COHMAP Members, 1988). Although paleoenvironmentally

focused studies of vertebrate faunas in central Texas date from the late 1950's, these 

studies have received little attention in the national efforts to reconstruct 

paleoenvironments and paleoclimates. 

There are several reasons for this oversight. Vertebrates are often perceived as not 

providing important paleoenvironmental or paleoclimatic information. The COHMAP project 

limited their focus to data from pollen, lake levels, and plant macrofossils from woodrat 

nests. Because central Texas generally lacks depositional environments that would 

preserve these types, the area is shown as indeterminate in terms of past climatic 

conditions (COHMAP Members, 1988). The lack of data that COHMAP would use is not 

likely to change any time in the near future. In order to reconstruct the past environments in 

areas such as central Texas, additional types of data, including vertebrates, must be used. 

Another reason for the lack of attention to the central Texas data is that previous 

reconstructions have been derived from piecing records together from numerous short 

sequences. Although this is an effective technique, long sequences from single sites 

generally are considered more reliable. Hall's Cave has provided the first opportunity to 

study a long sedimentary sequence with a well-preserved, abundant microfauna record. Its 

record provides a framework with which to bring together much of the disparate information 

from the numerous vertebrate localities in central Texas in order to construct a hypothesis 

concerning the environmental and climatic history of the area. 

A third factor that has hindered the use of vertebrates in paleoenvironmental 

reconstruction is the inability to quantify changes in climatic parameters. The climate 

tolerance analysis undertaken in this study begins to quantify these changes. Although 
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the method has many simplifications and assumptions, climatic tolerance analysis has the 

potential of constraining the estimates of temperature and precipitation during portions of 

the Late Quaternary. 

The intensive study of the mammals from the Hall's Cave, supplemented by limited 

study of other vertebrates, provides an unparalleled central Texas paleoenvironmental 

record. 

NOTE: 

Two different people named Michael B. Collins have worked on Hall's Cave and on 

vertebrate and archeological sites in central Texas. Both were students at the University of 

Texas at Austin during the early 1970's. One of these, now a petroleum geologist in 

Houston, did the initial excavations at the cave for the Vertebrate Paleontology Laboratory. 

The second M. B. Collins is an archeologist at the Texas Archeological Research Laboratory, 

University of Texas at Austin. In addition, he co-directed the 1991 Earthwatch excavation of 

the cave. In this dissertation I will be referring to both of these people. When referring to the 

person who excavated at Hall's Cave in the 1970's, I will use M. B. Collins (1). The Texas 

Archeological Research Laboratory archeologist will be referred to as M. B. Collins (2). 

Abbreviations used in Text: 

RCYBP =Radiocarbon Years Before Present 
ACY= Radiocarbon Years 
O.R. = observed range 
x = mean (in tables) 
s.d.= standard deviation (in tables) 

AMNH =American Museum of Natural History, New York, New York 
CMNH = Cleveland Museum of Natural History, Cleveland, Ohio 
ISM = Illinois State Museum, Springfield, Illinois 
MWSU =Midwestern State University, Wichita Falls, Texas 
SMU-SMP =Shuler Museum of Paleontology, Southern Methodist University, Dallas , 

Texas 
TAAL= Texas Archeological Research Laboratory, University of Texas at Austin 
TMM =Vertebrate Paleontology Laboratory, Texas Memorial Museum, University of Texas 

at Austin 
USNM = United States National Museum, Washington, D.C. 



THEORETICAL CONSIDERATIONS AND ASSUMPTIONS 

In this study of Hall's Cave, I use three primary sets of data in an attempt to 

reconstruct paleoenvironments. These sets of data are 1) the sediments from Hall's Cave, 

2) radiocarbon determinations from Hall's Cave, and 3) the vertebrate remains within the 

sediments. In reconstructing the Late Quaternary paleoenvironmental history of the 

Edwards Plateau, these three data sets are supplemented by similar data sets from other 

sites and by additional data sets, such as pollen, snails, and geochemical data from other 

sites (see discussion of Paleoenvironmental Analysis in Central Texas, below). These 

supplemental data sets provide lines of evidence not found at Hall's Cave, test conclusions 

from Hall's Cave, and provide better geographic coverage. Each of these data sets is used 

in a particular way in deriving paleoenvironmental information and each method has 

important assumptions an limitations. In this chapter I briefly discuss the ways that each of 

the three primary data sets has been used in this study. In addition, I discuss some of the 

assumptions the methods make and some of the assumptions I have made about the data 

sets. 

Cave Sediments 

The sediments found in Hall's Cave have not been treated in very much detail for this 

study. However, they have been used in conjunction with the vertebrate remains to make 

some inferences about the past soil conditions in the neighborhood of the cave. 

In order for the sediments to provide information on the soils that were around the 

cave when they sediments were deposited, several assumptions have to be met. First, the 

majority (or at least an identifiable fraction) of the sediment must be derived from the soils 

surrounding the cave. Second, the sediments must, ideally, have been transported into 

the cave and deposited without intermediate storage and re-deposition or with minimal time 

in intermediate storage (more likely) . Three, the sediments have not been significantly 

altered (in terms of color, and possibly texture) during transport and deposition or by post

depositional changes. Four, the sediments are derived from a limited, identifiable area and 

sample one major soil type. For the Hall's Cave deposits these assumptions appear to be 

met to a reasonable degree. 
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Even if the assumptions noted above are satisfied, the cave sediments can only 

provide limited information on the soils around the cave. As Collins (1990) discussed, one 

problem with looking at sediments derived from soils is that these sediments represent the 

erosional events that terminated or altered soil forming conditions rather than the stable soil 

conditions. Also, sediments may be derived from multiple soils horizons or from different 

soils. 

Some of the sediment changes at Hall's Cave correlate with similar changes in 

sediments at other sites (see further discussion below under Stratigraphy). This suggests 

that some of the local changes at Hall's Cave reflect regional changes in soils. However, the 

variety of sites makes it difficult to be sure that all of the assumptions hold for all of the sites. 

Radiocarbon Determinations 

Radiocarbon determinations are some of the most important data in reconstructing 

the past environments. They are the ultimate sources of chronology for all of the sites 

discussed in this study. As such, all information concerning the timing of changes and 

inter-site correlation is dependent on them. In this study I have used determinations from a 

larger variety of sites, as well as, eleven determinations from Hall's Cave. The most 

important theoretical consideration for using these determinations is that , assuming they 

have been properly run, any single determination may accurately reflect the timing of the 

event one is trying to date or any determination can be wrong. Each determination must be 

evaluated based on the entire body of information. 

Although any assay is potentially accurate and precise, some assays are more likely 

to be accurate representations of the age of desired events than others. Many factors 

influence the "reliability" of radiocarbon determinations. Some of these factors are material 

dated, strength of association between event dated and the determination, and possible 

contamination or alteration of dated material (see Mead and Meltzer, 1984, for a discussion 

of some of the factors). 

The influence of the strength of association between the radiocarbon determination 

and event dated is fairly straightforward in most cases. However, in some cases it may be 

difficult to assess. One case that may be difficult to assess is the case in which the material 

dated is detrital in origin. It is possible that the material was stored in an intermediate 
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reservoir tor some period of time and reworked into the deposit. This is especially true with 

small quantities of charcoal that could be significantly older than their final context. This is a 

less of a problem when dating larger pieces of charcoal, other materials that require higher 

volumes I larger masses to date, and material that can be demonstrated to be in place 

(hearths, in place stumps, etc.). Another case in which the association may be difficult to 

assess is dating various soil organic tractions. The different fractions are associated with 

different pedogenic processes, different soil constituents, or potentially inherited organic 

components. It may be problematic to assess which fraction best reflects the event that 

one wants to date. A third case where the association may be difficult to assess is the case 

in which a site has one or very few dates. These dates may accurately indicate the time of 

deposition if this deposition occurred over a relatively short time. However, if deposition 

occurred over a long period, a small number of dates will not accurately indicate the timing 

of events. This is a serious problem with the central Texas vertebrate sites; most of the 

sites (or site components) have only a single radiocarbon determination. In many cases, 

e.g. Cave Without A Name, Schulze Cave, Laubach Cave I, II and Ill, Miller's Cave and 

others, it is possible that the deposits span a significant time period, potentially fairly long. It 

the whole fauna is dated using a single date some portions of the fauna may not be 

correctly associated with the date while others may be. 

The material dated influences the reliability of a determination because some 

materials are more likely to record the original age of formation with fidelity or to vary from the 

original (fractionation) in a predictable manner; some materials are more prone to post

tormation alteration of the signal, and some are more prone to variation in laboratory 

techniques that make determinations not comparable or non-reliable (Mead and Meltzer 

(1984; and Meltzer and Mead, 1983) proposed an ordinal rating system that indicates 

potential reliability based on material dated (Table 1) and the strength of association of the 

date. Within this rating system, only materials with a score of five or higher can yield dates 

considered reliable. It is important to note that just because a determination has a low rating 

it is not necessarily incorrect. However, it may be proper to treat that determination with 

some skepticism. 
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Material Dated Score 

Collagen 
Body Perishables (dung, hair, etc.) 
Apatite 
Whole Bone 
Charcoal 
Wood 
Peat 
Organic Mud 
Soil 
Shell 
Terrestrial Carbonate 

5 
5 
3 

6 
5 
3 
3 
3 
2 

Table 1 -- Rating system expressing the relative reliability of radiocarbon determinations 
based on the materials analyzed (Mead and Meltzer, 1984). 

Of the materials that are of questionable reliability (score< 5), bone is the most 

important in consideration in central Texas. This is because many important site have been 

dated using radiocarbon determinations based on various bone fractions. Bone is of 

questionable reliability because it is subject to profound diagenetic changes that affect 

isotopic ratio and because of variations in laboratory treatment procedures (Stafford, et al., 

1987; Taylor, 1980). Early indications of these problems came when Tamers and Pearson 

(1965) noted that determinations on bone tended to be younger than associated charcoal 

determinations. They concluded that bone dates were probably best regarded as a 

minimum age (Tamers and Pearson, 1965). One means to improve the reliability of 

radiocarbon determinations on bone is to isolate specific high-purity fractions, such as 

individual collagen specific amino acids and to date these fractions using a accelerating 

mass spectrometer (Stafford, et al., 1987). Unfortunately, none of the determinations from 

central Texas sites are of this type. As this technique becomes more available, many of the 

key sites should be re-dated. 

In this study it was necessary to evaluate the radiocarbon determinations from 

various central Texas sites other than Hall's Cave. In doing so, the radiocarbon 

determinations are assumed to accurately indicate the age of at least a portion the fauna at 

each site unless other evidence indicates otherwise. As noted above, in many cases only a 

single age is associated with a potentially time transgressive fauna. In these cases it has 

usually been impossible to determine which taxa are associated with the age and which are 
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not. Of sites that have accepted dates, this is probably most problematic for the Laubach 

Cave cones. Table 2 lists some of the most important central Texas sites, radiocarbon 

determinations and indicates whether the dates have been treated as an accurate 

indication of the age of the fauna in this study. The evaluation of the Hall's Cave dates is in 

Age of Deposits, below. 

Table 2 -- Radiocarbon determinations from some of the most important central Texas 
sites for paleoenvironmental analysis. The evaluation indicates whether I have used the 
date as an accurate estimate of the age of the deposit or fauna in this study. 

~ Detennination Material EvakJaron 
Amistad Sites most dates wood & charcoal accepted 

Barton Road Site 3480±1060 
1015± 105 

charcoal 
charcoal 

accepted 
accepted 

Boriack Bog All dates peat accepted 

Cave Without A Name 10,900±190 bone min., prob. young 

Cueva Quebrada 12,280± 170 
13,920±210 
14,300±220 

charcoal 
wood 
wood 

accepted 
accepted 
accepted 

Felton Cave 7700± 130 bone tentatively accepted 

Friesenhahn Cave 19,600±710 
14,020±3010 

17,800±880 
18, 720±4340 

9640±440 
6690±270 
4890±190 
9640±930 
8010±430 

10,200±2190 

apatite 
collagen 
apatite 
collagen 
apatite 
collagen 
apatite 
apatite 
apatite 
collagen 

tentatively accepted 
probably too young 
tentatively accepted 
tentatively accepted 
tentatively accepted 
probably too young 
too young 
too young (?sl ightly) 
tentatively accepted 
tentatively accepted 

Laubach I 15,850±500 bone tentatively accepted 

Laubach II 13,970±310 bone tentatively accepted 

Laubach Ill 23 ,230±490 bone tentatively accepted 
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Table 2 - Con't. 
Sie Determinati.Qn Material Eva.luati.Qn 

Miller's Cave 7290±260 
3008±410 

bone 
charcoal 

too young 
accepted 

Schulze Cave 9310±310 
9680±700 
3826±208 

bone 
bone 
charcoal 

too young 
too young 
accepted 

The Avenue Site 17,220±1870 
12, 170±3060 

15,970±860 

clay organics 
clay organics 
clay organics 

accepted 
accepted 
accepted 

Vertebrate Remains 

The use of vertebrates in the study of paleoecology is a complex subject. This is not 

meant to be a comprehensive review of the subject. More recent reviews of their use 

include Lister (1992), Churcher and Wilson (1990), Lundelius, (1983). In the Hall's Cave 

study, at least four classes of data based on vertebrates are used to reconstruct 

paleoenvironmental conditions. These four classes are data based on 1) the modern 

tolerances and preferences of extant taxa, 2) the morphological and presumed 

environmental adaptations of extinct taxa, 3) changes in ecologically influenced characters 

of taxa (morphology, morphometry, chemistry, etc.), and 4) whole fauna community 

membership and structure. These tour classes of data were used to different degrees and, 

they provide different kinds and amounts of data. Each class of data has its own set of 

assumptions. In addition, their are several assumptions that apply to all of the types of data. 

The foremost assumption of Quaternary vertebrate paleoecology (and most other 

vertebrate paleontology) is that taxa identified have some biological reality. For taxa which 

are extant this means that one assumes that the animal which is identified in a deposit as, 

for example, Chaetodipus hispidus is the same genetic lineage as the modern ones and 

are more closely related to the modern population than either is to any other living taxon. 

From a practical standpoint this usually means that the fossil material is within the range of 

the modern species (or any other level) and is identified as that species. 
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Another fundamental assumption in any of the techniques using vertebrates is that 

the vertebrate remains can be identified to an ecologically meaningful level. If one cannot 

accurately distinguish taxa that have different environmental significance, then it is 

impossible to use those taxa for paleoecology. The characters that I have used to identify 

the various taxa at Hall's Cave are discussed in depth in the accounts of those taxa. 

Another important assumption concerns the relationship between the of the 

presence and absence of a taxa in the deposit and on the landscape and the related 

problem of the significance of the absence of a taxa in a deposit. If remains of an animal are 

present in a deposit (or in a level in the case of Hall's Cave), it is reasonable to assume that 

the animal was present in the environment when that material was deposited. However, in 

the case of an absence in the deposit, it is much more difficult to assess the significance. 

The absence of a taxa from certain deposits or levels may or may not be suggestive that the 

animal was absent in the environment. The significance of an absence from a level 

depends on the nature of the taphonomy of the level and on the nature of the animal. 

Each absence of each animal must be separately evaluated to determine its significance. 

The times of interpreted presence and absence of various animals from the environment 

around Hall's Cave and the rationale behind those interpretations are discussed below in 

the Systematic Paleontology accounts of the taxa. The absences of various animals in 

other sites are evaluated in a similar way on a case by case basis. 

In addition, all paleoecological and paleoenvironmental techniques assume that it is 

possible to identify the environmental conditions that limit or influence organisms. This is 

not a straight-forward task. The niche of an organism is a multi-dimensional hypervolume 

that includes all environmental factors, abiotic and biotic, which have any limiting effect on 

the organism (Hutchinson, 1957). It is not possible to determine all of the factors that in 

some way limit an animals environment (see for example, Pianka, 1988). This is for at least 

three reasons. First, the number of factors is too large. Second, we cannot quantify any 

one factor precisely enough to understand how it might interact with other potential factors. 

Three, we do not perceive the world in the same terms as any other organism. For these 

reason, the actual extent of this hypervolume is not known for any organism; indeed, we 

probably do not even know how many dimensions (factors) comprise any organism's 

hypervolume niche (Pianka, 1988). 
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Some of the factors that limit the distribution and habitat use of some animals are 

known. It is these factors and organisms on which we must depend in making 

paleoenvironmental reconstruction. Unfortunately this limits what we can say and how 

confident we can be about our reconstructions. For instance, an organism may show a 

correlation with an environmental variable, for example temperature . The presence of that 

organism might then be used to reconstruct the temperature in a paleontological deposit. If 

it turns out that the animal is being limited by competition with another organism rather than 

by temperature in the modern ecosystem, the temperature reconstruction might be 

suspect. 

Environmental factors may limit an organism in a variety of ways (see Brown and 

Gibson, 1983; Lundelius, 1983; Pianka, 1988 for example). The most obvious limit is if a 

particular combination of environmental conditions are lethal to the organism. However, 

other types of limits are possible. One example would be an organism (or population) that 

can live under certain conditions but cannot successfully reproduce under the same 

conditions. If the conditions persist the population will either die out or need to be 

constantly replaced by new colonization. A third possibility is that a particular set of 

environmental conditions, while not lethal, render an organism competitively inferior to or 

vulnerable to another organism. If this is the case the first organism would be indirectly 

limited by the environmental factors but only in cases where the competitor (predator, 

parasite, etc.) is also present. 

The most common class of data used in reconstructing environments at Hall's Cave 

are the tolerances and preferences of extant taxa that occur in the deposit. This is because 

extant taxa are more abundant at Hall's Cave and because their tolerances are better known 

than those of extinct taxa (see below) . Hypotheses concerning the environmental 

variables and the values of these variables that control the distribution of various modern 

taxa are derived in several ways. In some cases, such as McNab's analyses of the 

temperature constraints on Dasypus spp. or Eptesicus fuscus roosting behavior (both 

discussed below), they are based on theoretical considerations of an organism's 

physiology (McNab, 1974, 1980, 1985). In others cases, such as the analysis of the micro

and macrohabitat preferences of Pipistrellus subflavus (Raesly and Gates, 1987) or the 

analysis of pocket gopher soil preferences (Miller, 1964) , they are based on field studies of 
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organisms. However, in many cases the environmental tolerances are derived from 

examination or analysis of the geographic range of the organism. 

This third method, the use of geographic ranges, is one of the most common 

methods in paleoecology. Unfortunately, the extrapolation of environmental limits from 

geographic range is also one of the least defensible methods from a theoretical viewpoint. 

The reasons for this are many but include the problems of accurately defining the 

geographic range of an animal, microhabitat effects, the question of whether the current 

geographic range is in equilibrium with the environmental conditions, and the problem that 

different environmental factors may limit different portions of an animal's range (even on a 

small scale or along single range boundary). In spite of these drawbacks ranges continue to 

be widely used. The two primary reasons for this are that geographic ranges (at least 

general ones) are readily attainable for most North American vertebrates (Hall, 1981 ; 

Conant and Collins, 1991; National Geographic Society, 1983) and this method does not 

require field and lab data which are not available for many animals. Climatic tolerance 

analysis, discussed below, is one geographic based method. 

At least two additional assumptions complicate the use of both modern ecological 

studies and geographic range based studies. The first of these assumptions is that each 

animal is today utilizing the entire range of conditions that it can tolerate (Lundelius, 1983). 

The second is that environmental tolerances of the various taxa have not changed in the 

last 25,000 years. Unfortunately, we have limited ability to test these assumptions. 

As noted above many characteristics of animals may change with differing 

environmental conditions. Examining these characteristics can provide information on 

environmental conditions. Potentially useful characteristics include any that vary with 

environmental conditions. At Hall's Cave I have utilized two characteristics in this manner. 

The first is size (mandibular and tooth measurements) and the second is stable carbon 

isotopic composition. The use of size is discussed immediately below. Bone stable 

isotopic composition is discussed below in under Stable Isotopic Composition. 

The use of size changes in extant taxa to interpret paleoenvironmental variables 

depends on physiological or selective ties between environmental variables and the size of 

individual organisms in a population. One of the most cited examples of this link is 

Bergmann's Response, which states that endotherms tend to be larger in cooler 

environments and smaller in warmer environments (McNab, 1971). The temperature 
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correlated size difference is often attributed sur1ace area to volume relationships and the 

problems of heat loss (Pianka, 1988); McNab (1971) suggests an alternate hypothesis 

attributing the response to competition and prey size. Bergmann's Response is far from 

universal among mammals. Observations suggest that it most often holds for carnivores 

and animals with masses less than 1 kg; it is less consistent for larger mammals and 

herbivores (Klein, 1986; McNab, 1971 ). The utility of any character in a particular taxon for 

deriving paleoenvironmental information depends on how closely the character is tied to 

ecological variables in that particular taxon. 

As with environmental analysis from the presence or absence of taxa, most of the 

evidence concerning the environmental causes for character differences comes from the 

study of populations throughout the geographic range of a taxon. The fact that northern 

Blarina tend to be larger than southern ones is used as a proxy indication that size 

differences are related to temperature differences (see Graham and Semken, 1976, for 

example). In a few cases (e.g. Burnett, 1983 and Bogdanowicz, 1990) actual correlation 

with environmental variables has been demonstrated; however, these studies are in the 

minority. 

As was noted above, the evolutionary mechanism responsible for the observed 

Bergmann's Response in many taxa is debated. This is of some interest in the use of the 

correlation in paleoenvironmental study. If the mechanism is physiological (such as surface

area to volume heat loss considerations) then it is probable that the correlation hold for the 

Late Pleistocene. If, however, the mechanism is community based (competition or prey 

size, for example) the profound differences in the community structures of the Late 

Pleistocene (Graham, 1985; Graham and Lundelius 1984) render the empirical correlations 

less useful as paleoenvironmental indicators. 

The morphological and presumed environmental adaptations of extinct taxa are a 

class of data that I have used sparingly at Hall's Cave. These data are derived in one of two 

ways. The first is to reconstruct probable environmental adaptations of an extinct taxa by 

looking at the common features, adaptations and tolerances nearest extant relatives. This 

assumes that the phylogeny of the group containing the extinct taxa and the extant taxa is 

reasonably well known so that appropriate taxa can be compared. In addition, it assumes 

that the extinct taxa did not have extremely different adaptations from its living relatives. 

The second method is to use the morphological features of the animal to predict ecological 
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and environmental constraints and preferences. These predictions could then be used of 

reconstruct paleoenvironments. One example of this would be to postulate a grazing habit 

based on the presence of hypsodont teeth in extinct Equus sp. and to conclude this that 

the habitat was grassy. However, many animals use habitats that they do not seem 

perfectly adapted to and many adaptations can be used in a variety of environmental 

situations (for example, goats do not appear to be arboreally adapted, but they do climb 

trees). Because of the assumptions and these uncertainties, reconstructions based on 

extinct taxa are fairly general and tenuous. At Hall's Cave this class of data has only been 

used as evidence supporting conclusions based on other classes of data. 

Examination of the whole community provides the fourth line of evidence 

concerning paleoenvironments. In some ways this is an extension of the use of single 

species for environmental analysis. For example, the presence of a large number of 

species from a particular environment or ecosystem can also be viewed as the presence of 

a number of individual species. However, community structure and diversity may also 

provide ecological information. McArthur (1975) found a positive correlation between 

increased species diversity and reduced seasonality (measured as the difference between 

summer and winter mean temperatures). This supports the idea that the relatively high 

diversity communities in the Late Pleistocene occurred under more equable climatic 

conditions (Graham, 1985). 

In addition to these more general concerns in using vertebrate remains to 

reconstruct environments, some practical considerations are also important. These are 

dependent on the type of information being reconstructed and on the available 

information. 

Temperature Reconstruction 

In central Texas Quaternary studies, temperature is one of the most difficult variables 

to reconstruct from faunal evidence alone. The temperature tolerances of many animals are 

not well known. In addition, relatively few animals may respond solely, or directly to 

temperature. Often temperature-moisture interactions and responses to vegetation are 

more important direct controlling factors for animal distributions (Lundelius, 1983). 
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The utility of a fauna for temperature depends on several factors . Faunas from sites 

in areas with high relief often provide important temperature information because in these 

areas, small changes in temperature can result in large faunal changes. Sets of sites from 

along latitudinal gradient may also provide important temperature information. 

Unfortunately, the Edwards Plateau has generally low relief and a limited latitudinal extent. 

As a result of these factors, the Edwards Plateau has a fairly small modern temperature 

gradient. Large changes in temperature may produce only small faunal changes. If the 

temperature gradient in the south central United States was at all similar to the modern 

gradient, it would take large (several °C) changes to produce noticeable faunal changes. 

For example, Armstrong and others (1986) found that eleven species reach their northern 

limit and seven species reach their southern limit in the plains. Most of these limits are 

concentrated at about the level of the northern Kansas and southern Nebraska. This 

suggests that a significant temperature decrease would be necessary to produce much of 

a fauna change. 

These limitations result in the small amount of temperature data that can be derived 

from the Hall's Cave data. After the "cooler climate" extralimitals associated with the last 

glaciation are extirpated during the Late Pleistocene, no more temperature changes can be 

detected. 

Moisture Reconstruction 

Reconstruction of moisture conditions on the Edwards Plateau is complex. The 

steep moisture gradient at the edge of and across the plateau gives rise to significant faunal 

changes (Gehlbach, 1991; Neck, 1986, for example). For this reason Edwards Plateau 

faunas can provide detailed information about changes in moisture through time. On the 

other hand, moisture is a complex environmental condition that is dependent on various 

climatic variables, i.e. precipitation, temperature, cloud cover, evapo-transpiration etc. For 

this reason it is virtually impossible to separate the variables. Woodcock and Wells (1990) 

pointed out in their study of vegetation that the non-independence of precipitation and 

temperature in biological effects and the importance of season of precipitation make it 

difficult, if not impossible, to quantitatively estimate precipitation from biological proxy data. 
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Faunal evidence only provides qualitative information on the net result -- effective moisture. 

and more specifically soil and cave moisture. 

Three kinds of fauna! evidence from Hall's Cave were used to provide information on 

the moisture regimes and trends. One, changes in the occurrence of taxa with greater 

moisture requirements than are met in the area today (e.g. Synaptomys cooperi and Blarina 

sp.). Two, changes in occurrence of taxa limited to areas with lower moisture than is found 

in the area today (e.g. Cratogeomys castanops) . Three, changes in the proportions of dry 

adapted taxa to similar taxa adapted to moister conditions (e.g. Notiosorex crawtordi and 

Cryptotis parva) . 

Reconstruction of Soils 

Many types of vertebrates are limited to or prefer particular types of soils and 

substrates because of their biology or ecology (see Churcher and Wilson, 1990; Robinson 

and Bolen, 1984, for example). This is especially true for animals that burrow either for 

feeding or habitation (Churcher and Wilson, 1990; Robinson and Bolen, 1984, for 

example). Important soil parameters that limit vertebrates include soil temperature, 

moisture, depth to indurated material, texture, and the abundance and size of stones and 

rocks (Downhower and Hall, 1966; Robinson and Bolen, 1984). The modern preferences 

of various taxa can be used to indicate the types of soils present when the taxa are found in 

a deposit. 

Vegetation Reconstruction 

The use of vertebrates to reconstruct vegetational communities is based on the 

habitat preferences and tolerances of the taxa. Various aspects of a vegetation may restrict 

or limit organisms (Robinson and Bolen, 1984, for example) . In some cases animals may be 

limited in distribution by the presence of a particular species of plants. However, the 

physiognomy may be more important than the actual species present. For instance, it is 

more likely that an animal would be limited to a vegetation type (for example Glaucomys spp. 

which is limited to forests) than that the animal is limited to a certain type of tree. For this 
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reason, vertebrates are probably more useful for reconstructing vegetational physiognomy 

than for identifying specific plant taxa which may have been present. 

The identification of grasslands based on vertebrates is a particular problem in this 

regard. Although many taxa occur in grassland environments, very few are limited to that 

vegetation (Jones, et al., 1985; Armstrong, et al., 1986). One indication of this is that there 

are no species endemic to the plains states (Armstrong, et al., 1986). Cynomys 

ludovicianus is one North American mammal that may be reasonably closely tied to mixed

and shortgrass (Jones, et al. , 1985). Unfortunately, the lack of taxa that would be positive 

indications of grassland means that grassland must be identified through negative 

evidence. The lack of animal that suggest the presence of forest (tree squirrels, large 

browsers, etc.) is used as the primary evidence to suggest the lack of forests and is 

interpreted as indicating open (potentially grassland) environments. This problem is not 

limited to the use of vertebrates in reconstructing grasslands. In pollen analysis, virtually all 

of the taxa that occur in a grassland also occur in other vegetation (forests, open 

woodlands, shrub, marshes, etc.). Grasslands are reconstructed based on the relative lack 

of plants that indicate other vegetation physiognomies (S.A. Hall, 1990; personal 

communication). 

Cllmatlc Tolerance Analysls 

In an attempt to constrain temperature and precipitation estimates based on fauna, I 

have tried to determine the climatic conditions under which various taxa might be expected 

to co-occur. 

Two variables that certainly limit, either directly or indirectly, the ranges of many 

organisms are temperature and available moisture (Brown and Gibson, 1983). Fortunately, 

these are also two variables that we would like to constrain in paleoenvironmental studies. 

These factors limit organisms in many ways. Unfortunately, many of the biologically 

significant manifestations of these variables, i.e. net moisture, substrate temperature, 

humidity, soil moisture, and microhabitat conditions are poorly known for most areas. For 

this reason, simple climatic variables that are known over large portions of an animal's 

geographic range must be used for analysis. 
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This analysis focuses on two climatic variables, mean monthly temperature and 

average monthly precipitation, for each month of the year. These variables were selected 

as a compromise. Mean conditions of environmental variables probably do not limit the 

distributions of most organisms. Instead, extreme values (e.g. high or low temperatures, 

drought conditions, highest of lowest salinity} are probably more important in controlling the 

distribution of animals. However, information on mean conditions is readily available for a 

wide range of places. In addition, this simplification reduces the amount of data to 

manipulate. This results in a simplified treatment of two variables that may indicate the 

directions of environmental change and provide a means of deriving estimates for the 

amount of change. 

The degree to which the means reflect extremes that occur with biologically 

meaningful recurrence intervals is not clear. The amount an extreme value contributes to 

the mean is determined by two factors. The effect of a value on the mean is directly 

proportional to the amount by which it differs from the mean. The amount to which that 

extreme value will affect the mean is also directly proportional to the reciprocal of the 

recurrence interval of the value. For example, a 1 O year recurrence interval wet July would 

make twice as much contribution to the mean as the 20 year recurrence interval wet July; 

this is due to the number of times each would be represented in the data. The difference in 

departure from mean in each case might be enough to outweigh the difference due to 

recurrence. 

Different mammals probably respond to extremes on different recurrence intervals. 

Factors such as generation time, metabolic rate, competition with other taxa, re-colonization 

potential, and where a sites is with respect to the edges of the geographic range of the 

animal probably affect how extremes will limit a animal. Specifically, at the edge of an 

animal's range, extremes with a high recurrence interval, possibly 5 year, may drastically 

alter the range. Further from the edge it may require an extreme on the order of the 100 

year recurrence interval drought to have similar effect. An analysis of these factors is 

beyond the scope of this study. 

The climatic tolerance analysis used in my analysis of the Hall's Cave fauna is similar to 

the climatograph analysis of Twomey (1936), the first five steps of HABITAT analysis 

(Walker and Cocks, 1991), the methods used in the study of Pleistocene coleopteran 

material (Atkinson, et al., 1986} and the Graham (1984} analysis of the significance of 
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Tamias striatus in central Texas Pleistocene faunas. The tolerance and possible 

significance of Tamias striatus is discussed below. Each of these techniques seek to use 

the modern geographic range of an organism to estimate its climatic tolerance. 

In the first step of the analysis a series of 95 cities, distributed throughout North 

America north of Mexico {Figure 1 ), were chosen. These cities were chosen both because 

they could be used to approximate the ranges of most of the mammals found at Hall's Cave 

and because climatic data were available on them. In addition to mammals from Hall's Cave, 

these locations can be used for analysis of the tolerance of many of the mammals of North 

America. Mammals found exclusively in the Rocky Mountains and in the Southwestern 

deserts are major exceptions, due to poor geographic and elevational coverage. The mean 

temperature and average precipitation for each month were obtained for each city from 

either Officials of the National Oceanic and Atmospheric Administration (1974) {in the case 

of cities in the United States) or Bryson and Hare (1974) {the case of Canadian cities) . 

Although many of the animals had ranges which extended in to Mexico and Central 

America, climatic data from these areas were not included in this analysis. This is due to the 

paucity of climatic data from the area and to the uncertainty of some of the animal ranges. 

The entire climatic range of the 95 city data set is shown in Figure 2, and the entire data set 

can be found in Appendix C. Range maps for each taxa were used to decide which 

locations fall within the range of each animal. The mean temperature and average 

precipitation are then plotted for each month in each location. After all of the data from each 

location within the range of an animal are plotted, the total spread of points should estimate 

the tolerance of the organism, alternatively a tolerance polygon can be drawn to enclose all 

of the data points . 

Determination of the tolerance polygon for Myotis velifer serves as an example of the 

technique {Figure 3). The range of M. velifer {Figure 45) contains the following locations: 

Las Vegas, NV; Yuma, AZ.; Tucson, AZ.; Roswell, NM; Oklahoma City, OK; Wichita 

Mountains NWR, OK; Wichita, KS; Amarillo, TX; Austin, TX; Brownsville, TX; Del Rio, TX; 

Kerrville, TX; and Laredo, TX. The each localities mean temperature and average 

precipitation are plotted by month {Figure 3A, B). The minimum polygon that encloses all 

the data points provides an estimate of climatic tolerance {Figure 3C). 

In addition to the simplifications discussed above, such as the problem of organisms 

probably being limited by extremes rather than means, this analysis technique is limited by 
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several simplifications and by the validity of several assumptions. These limitations are 

discussed below. In some cases these are limitations on this specific type of analysis; in 

others the limitations apply to any attempt to determine organismal tolerances. 

A crucial assumption is that we can accurately characterize the conditions that an 

organism experiences. Problems with the validity of this assumption stems from two 

sources. 

The first problem is that published range maps may not accurately reflect the actual 

geographic range of an animal. As the scale of the maps increases details of the 

geographic range are lost and discrete points of presence are abstracted into large ranges. 

This is readily evident when any good account of the biogeography of a state or area 

(Schmidly, 1983, 1991 , for example) is compared to a similar account for North America 

(Hall, 1981; Barbour and Davis, 1969). This loss of resolution may alter the estimate of 

climatic tolerance. It seems to me that with the loss of resolution, areas are more likely to be 

included within the range that really are outside of it than the opposite. This would lead to 

an over-estimation of the tolerance range. 

The second problem is the way in which climatic variables are measured. In this 

analysis, the climatic conditions at discrete points nominally within the published range of 

an organism are used to determine climatic conditions that the animals experience 

(survive). Unfortunately, official thermometers and rain gauges, which provide the data for 

analysis, are rarely in the microhabitats that animals use. Response surface analyses that 

use a gridded climate may provide better coverage; however, until grid squares are the size 

of microhabitats (and have their values), they suffer much the same limitation as this study. 

Although this lack of characterization of the microhabitats the animals actually use is a 

problem, it does not necessarily invalidate the method. The microhabitat climates are at 

least partially dependent on macrohabitat conditions. In addition, it seems reasonable that 

the microhabitats in the reconstructed habitat (or climatic conditions) will differ from the 

reconstructed macrohabitat climatic conditions in comparable ways to the differences 

between modern micro- and macrohabitat climate conditions. 
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Figure 1 -- The location of the 95 cities that are used in the analysis of the climatic 
tolerance of organisms in this study. The city names and their climatic data can be found in 
Appendix C. 
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The use of discrete data points is an important limitation for this analysis. Gridded 

climatic analyses do provide better coverage and would give more accurate tolerance limits. 

Because data from the discrete points I have used would occur in a gridded analysis (unless 

they also used a more detailed range map), the tolerance polygon derived using other 

techniques and the same variables should contain the polygon I derived. If I have chosen 

enough points to characterize the climate of the animal's range, the tolerance analysis 

using my method should closely approximate the tolerance estimate from a continuous 

(gridded) climatic analysis. 

Obviously, temperature and precipitation are not the only factors that influence the 

distribution of the organisms studied here. In some cases they may not even be the most 

important factors . This analysis, as well as any other solely climatic analysis, is only valid to 

the degree that the climatic variables (or other variables strongly correlated to them) limit the 

organisms distribution. Analysis techniques such as HABITAT (Walker and Cocks, 1991) 

have the potential to deal with some of the non-climatic environmental factors. 

As a first step toward analysis of extreme conditions, tolerance envelopes based on 

monthly mean daily temperature extremes were also examined. The tolerance polygons 

are almost congruent to the mean monthly temperature polygon but are displaced to each 

side along the temperature axis. This suggests that at least some mean daily temperature 

extremes differences would be reflected in the analysis of monthly means. 

Another important simplification made in this analysis is that the conditions of one 

month are independent of those of other months in terms of effect on the animals. This 

simplification is obviously not valid in nature. Recurrent drought conditions at one time of 

the year might not limit distribution; however, the same drought might be limiting if it 

occurred in the spring. In addition, an organism that might live in an area if one month is 

fairly dry may be excluded if two or three sequential months are dry. 

A pair of related assumptions about the organisms themselves are problems for all 

types of paleoenvironmental work. In order to use organisms paleoenvironmentally the 

possibility of change in tolerance over the period of analysis must be discounted. In 

addition we must assume that the organism is currently using the full range of conditions 

that it is capable of tolerating (Lundelius, 1983). 

In order to analyze the Edwards Plateau paleoclimatic conditions using climatograph 

analysis, Graham (1984) estimated the summer mean temperature and precipitation 
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tolerance range of Tamias striatus. He estimated that under modem temperature 

conditions, the Edwards Plateau would require 300 mm more summer precipitation to be 

within the range of T striatus. If summer temperatures were reduced 7.5°C, only 120 mm 

more would be needed. This analysis overestimated the moisture needed for Tamias 

striatus. Graham apparently compared the monthly mean temperature and moisture 

conditions of San Antonio with a climatograph of summed summer (May-September) 

moisture conditions and mean summer (May- September) temperature. This accounts for 

the large precipitation change estimate. 

A re-analysis using my technique (Figure 4) suggests two important conclusions. 

One, the amount of summer precipitation change is smaller than Graham estimated. For 

modern temperature conditions, 30 mm more precipitation in July and 15 mm more in June 

would be a sufficient increase. Two, unlike Graham's analysis, which focused on changes 

in summer precipitation, this analysis suggest that small increases in precipitation for the 

winter months ( 10 mm in each month from November to March) might be necessary for 

Tamias striatus survival. 

Given all of the caveats and assumptions discussed above for each taxa. It may be 

possible to estimate the tolerance range for a fauna by super-imposing the tolerance 

ranges of the animals in the fauna. An example based on two taxa is shown in Figure 5. 

This example shows mean monthly climatic conditions in which you might expect the co

occurrence of Sorex cinereus and Myotis velifer. It is very important to note that this 

envelope only constrains the environmental conditions of co-occurrence. An environment 

in which both taxa were present would have monthly temperatures -- precipitation 

combinations within this envelope. For example (Figure 5) they could not co-occur in the 

modern fauna of Kerr County because the summer months are too dry. An environment in 

which they co-occur would not necessarily fill the whole envelope, however it would be 

expected to stay within it. 
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Figure 4- Mean monthly temperature - average monthly precipitation tolerance graph for 
Tamias striatus (shown by black diamonds) . Derived in the manner described above. The 
climatograph of the same variables for Kerrville , Texas is shown by triangles (J =January). 

The failure of my analysis to include data from Mexico and Central America probably 

has only a limited affect on the use of the technique for analyzing Late Quaternary 

conditions in central Texas. The southern data probably would extend the tolerance 

envelope in the direction of higher temperature. This will affect the envelopes of individual 

animals; however, it does not affect the envelope of the whole fauna The high temperature 

edge of the envelope generally is not limited by taxa that extend south into Mexico. This is 

evident in the tolerance overlap of S. cinereus and M. velifer (which has a tolerance 

envelope that has been artificially truncated at the Mexican border) (Figure 5). 
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Figure 5 -- The overlapping tolerance polygons of Sorex cinereus and Myotis velifer. 
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PALEOENVIRONMENTAL ANALYSIS IN CENTRAL TEXAS 

Since 1957 much research has been undertaken to reconstruct the Late Pleistocene 

and Holocene environments of central Texas. Today we have a well developed general 

record of Late Pleistocene and Holocene faunal and environmental changes (Graham et al. , 

1987; Bryant and Holloway, 1985). Paleoenvironmental research has proceeded along 

many lines. Figure 6 shows some of the sites that are important in the investigation of the 

Late Pleistocene and Holocene vertebrate paleontology and paleoenvironments of central 

Texas. The temporal coverage of the most important central Texas sites for 

paleoenvironmental analysis is shown in Figure 7. Although most of this research has been 

in vertebrate paleontology, research in palynology, clay mineralogy and sedimentology of 

cave deposits, geomorphology, and terrestrial mollusks has also contributed important 

paleoenvironmental information. Some of the work most pertinent to the Hall's Cave is 

discussed below. 

Vertebrate Records 

Some of the most important studies of latest Pleistocene vertebrate faunas in the 

south-central United States have been on caves and rock shelters in the Edwards Plateau 

region of Texas, although a few open sites have also been studied. The earliest systematic, 

paleoenvironmentally-focused, study of one of these caves was the Semken (1961) 

analysis of fauna from Longhorn Caverns. Since that time many other sites in the region 

have been studied. Some of the most important sites are discussed individually below. 

Unfortunately, four important factors limit the use of these studies in reconstructing 

environmental changes. Two of these factors are limitations imposed by the nature of the 

sites ; two are limitations of the studies. 

The first factor limiting the utility of the central Texas sites is the lack of sites with long, 

continuous, bone-bearing, sedimentary sequences. For example, Friesenhahn Cave, 

which contains one of the most abundant and diverse faunas, contains depositional units 

with the following ages: approximately 19,000 - 17,000, 9000 - 8000, and <300 RCYBP 

(Graham, 1976, 1987). In order to reconstruct environmental changes, paleontologists are 

forced to meld records from diverse localities of differing ages, rather than being able to track 
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changes at one place. The archeological sites of the Amistad region are one possible 

exception (i.e. Bonfire Shelter, Hinds Cave, and Arenosa Rock shelter) . Unfortunately 

these sites suffer from other limitations which are discussed below. Figure 7 shows the 

temporal coverage of significant bone-bearing sediments of the most important vertebrate 

sites in central Texas. 

The second factor that limits the usefulness of some deposits is taphonomic 

differences. Three of the important central Texas vertebrate deposits serve to illustrate this 

limitation. The Avenue Site (Lundelius, 1992) and the older Friesenhahn Cave deposits 

(Graham, 1976, 1987) both date to the full-glacial interval ; unfortunately, both of these 

deposits largely lack the microfauna that would provide the best paleoenvironmental 

information. The Hinds Cave deposits (Lord, 1984) also largely lack environmentally 

sensitive small taxa. In addition, the archeological overprinting at that site is so profound that 

it is virtually impossible to separate culturally significant changes from environmentally 

significant ones. 

The third factor that limits the utility of some of the vertebrate faunas is collecting bias. 

This factor is most important for faunas from archeological sites (although the archeological 

overprinting at many of the sites would probably also prove problematic) especially those 

from the Amistad Reservoir. In the excavation of most of these sites, water screening and 

fine screening were not performed. Instead, sediments from most of the sites were dry 

screened through 1/4", or more rarely 1/3", mesh. Because of this, Sigmodon hispidus is 

the smallest mammal that is recovered consistently. Most environmentally significant taxa 

are smaller than this. Until recently, the use of fine screens in archeology was not common. 

The fourth factor limiting the utility of the faunas from some sites is poor chronological 

control due to a lack dateable materials, poor stratigraphic control, radiocarbon 

determinations of questionable accuracy, and/or few or no dates. For example, the 

radiocarbon determinations from Schulze Cave, Miller's Cave and Cave Without A Name 

were made on whole bone before the complexities of dating bone were understood. As 

noted above, these dates are suspect and probably should be considered minimum ages 

(Tamers and Pearson, 1965; Stafford, et al., 1987). At sites with poor chronology, it is 

possible to determine direction and magnitude of changes but not their timings. The 

specific problems of chronological placement of individual sites will be discussed later. 
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1 Amistad Reservoir Sites 
2 Barton Road Site 
3 Bering Sinkhole 
4 Boriack Bog 
5 Carrizo Aquifer 
6 Cave Without A Name 
7 Felton Cave 
8 Fowlkes Cave 
9 Friesenhahn Cave 

10 Hall's Cave 
11 Kincaid Shelter 
12 Laubach Cave 
13 Levi Rockshelter 
14 Longhorn Cavern 
15 Miller's Cave 
16 Montell Shelter 
17 Rattlesnake Cavern 
18 Schulze Cave 
19 The Avenue Site 
20 Weakly Bog 
21 Wilson-Leonard Site 
22 Zesch Cave 

various (see text) 
Lundelius, 1967 
Bement, 1991 
Bryant and Holloway, 1985 
Stute and others, 1992 
Lundelius, 1967 
Lundelius, 1967 
Dalquest and Stangl, 1984a 
Graham, 1976, 1987 
This Study 
Lundelius, 1967; TMM catalog 
Lundelius, 1985 
Alexander, 1963; TMM catalog 
Semken, 1961 
Patton, 1963 
Lundelius, 1967; TMM catalog 
Semken, 1967 
Dalquest and others, 1969 
Lundelius, 1992 
Bryant and Holloway, 1985 
Winkler, 1990 
Lundelius, 1967; TMM catalog 

Figure 6 -- Some of the most important sites in reconstructing Late Quaternary 
environments of central Texas. 
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Figure 6 (con't.) 
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The most important vertebrate sites for reconstructing central Texas 

paleoenvironments are discussed briefly below. A more complete discussion of these sites 

can be found in Graham (1987). For each site, information is provided on the location, age, 

stratigraphy, and a few major conclusions of studies of their faunas. Most of the discussion 

of the significance of individual taxa or assemblages is either presented in the discussion of 

those taxa from Hall's Cave or integrated with the Hall's Cave information in deriving the 

central Texas paleoenvironmental reconstruction present in Paleoenvironmental 

Reconstruction, below. This is far from an exhaustive list of vertebrate bearing sites or even 

important ones, however, this section summarizes sites that are crucial to reconstructing the 

Edwards Plateau paleoenvironments. Many of these site will be referred to continuously 

throughout this dissertation. Most often these references are to indicate that the fauna 

contains a particular taxon. Unless otherwise noted, the presence of the taxon is cited from 

the primary references listed for each site. In these cases I have not included a citation at 

every mention of a particular site. 

Recently, Wilkins (1992) hypothesized a reconstruction of latest Quaternary 

environments based on 26 central Texas mammalian paleofaunas. Virtually all of the faunas 

he used have also been utilized in this study. However, some of his conclusions are very 

different from those in this study. He concludes that conditions were cooler and moister 

approximately 15,000 RCYBP and, that they had warmed and dried by 10,000 RCYBP. He 

supports Hulbert's (1984) reconstruction that conditions between 5000 and 3000 RCYBP 

were relatively dry. He also supports the conclusion of Gehlbach (1991) that during the late 

Pleistocene the Arcto-Tertiary forests expanded across much of central Texas. 

FRIESENHAHN CAVE 

Friesenhahn Cave (TMM 933) is located along Cibolo Creek in northern Bexar 

County. This site was extensively studied by Graham (1976, 1987). Its deposits contain 

one of the most diverse vertebrate faunas in central Texas, with over 40 mammalian taxa. 

Bone-bearing deposits at the cave cluster into three temporal units. These units are 17,000 

- 19,000 RCYBP, 8000 - 9000 RCYBP, and <300 yr. BP. 

The oldest deposits (17,000-19,000 RCYBP) contain a diverse, extinct megafaunal 

assemblage but generally lack abundant remains of small taxa. This assemblage contains a 
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mixture of grassland taxa (i.e. Equus sp., Bison sp., Platygonus compressus, and 

Mammuthus sp.) and woodland taxa (i.e. Tapirus veroensis, Mylohyus nasutus, and 

Mammut americanum). Graham (1987) interpreted this mixture as indicating a grassland 

environment with extensive riparian woodlands. 

The younger two units lack extinct taxa and contain more abundant and diverse 

microfaunal assemblages (Graham, 1976, 1987). The early Holocene units contain a diverse 

assemblage with abundant extralimital taxa. The fauna is an "intermingled" assemblage, in 

that it contains both Synaptomys cooperi and Notiosorex crawfordi. Other extralimital taxa, 

in addition to Synaptomys include Blarina carolinensis and Tamias striatus. The Black Fill, 

which may be of historic age (Graham 1987), contains a small mammal fauna essentially 

identical to the modern fauna; however, it does contain Microtus sp., which is extralimital 

(Graham, 1987). 

LONGHORN CAVERN 

Longhorn Cavern (TMM 40279), an extensive cave located in Burnet County, was 

studied by Semken (1961 ). The cave contains three bone-bearing units: red fill, longhorn 

breccia and black fill. The temporal placement and extent of the units is unknown, due to a 

lack of radiocarbon determinations. The black fill contains Mus musculus, indicating an 

historic age. The red fill and longhorn breccia both contain extinct fauna and are presumably 

of latest Pleistocene age. The stratigraphic relationship between the longhorn breccia and 

the other units is unknown ; Semken (1961) postulated that the longhorn breccia was 

material reworked from the red fill . 

The fauna of the Pleistocene red fill , like the Pleistocene fill of Friesenhahn Cave, 

suggests an Austroriparian type forest with grassland (Semken, 1961). The fauna from the 

black fill is nearly identical to that of the area today. The differences are attributed to soil loss 

due to historic overgrazing (Semken, 1961 ). 

CAVE WITHOUT A NAME 

Cave Without A Name (TMM 40450) is a commercial cave located near Boerne in 

Kendall County. The deposits and fauna of this cave are largely unstudied. Lundelius 
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(1967) published a faunal list from the deposits. The deposit consists of a red clay unit at the 

bottom of the vertical sinkhole entrance; Lundelius (1992, personal communication) thinks 

that the bone-bearing clay was deposited over a limited time period. It contains a number of 

extralimital taxa, most notably Mustela erminea, Synaptomys cooperi, Microtus 

pennsylvanicus, Sorex cinereus, Tamias striatus, and Blarina brevicauda. These are 

interpreted as indicating generally cooler and moister conditions (Lundelius, 1967). The 

fauna is intermingled, with Sorex cinereus and Myotis velifer co-occurring and Notiosorex 

crawfordi and Synaptomys cooperi co-occurring. 

The age of the deposit is problematic. A radiocarbon determination of 10,900 ± 190 

RCYBP (Tx-250) is based on bone from the deposit (Lundelius, 1967). This determination 

was reported as >10,900 (Tx-250) (Pearson, eta/., 1966). Tamers and Pearson (1965) 

found that dates on bone run with preparation procedures of the time tended to be younger 

than associated dates on charcoal. For this reason Pearson and others (1966) indicated that 

the bone date could only be thought of as a minimum age. Correlation with the faunal 

changes at Hall's Cave supports the idea that the radiocarbon age is too young. Due to the 

uncertainty of its age, the fauna of Cave Without A Name can be used to indicate the nature 

and magnitude of environmental changes, but not used for determining the timing of the 

changes . 

MILLER'S CAVE 

Miller's Cave (TMM 40540), studied by Patton (1963) , is located in Llano County. This 

cave contains two temporally discrete faunules: the late Pleistocene travertine faunule and 

the Late Holocene brown clay faunule. 

The travertine faunule contains both the extinct Dasypus bellus and the extralimital 

Synaptomys cooperi, Blarina brevicauda, and Ondatra zibethicus. This faunule has a 

radiocarbon determination of 7200 ±300 RCYBP (Tx-326). However, this determination, 

like the one from Cave Without A Name, is on bone and should be considered a minimum 

age (Tamers and Pearson, 1965; Graham and Mead, 1987). Therefore, this faunule can 

indicate type of environmental changes but not their timing . The travertine faunule 

generally indicates moist grassland conditions (Patton, 1963; Graham, 1987). 
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With the exception of Microtus ochrogaster the brown clay faunule contains only 

species found in the area today. Charcoal from the brown clay provides an age of 3008 ± 

41 O RCYBP (SM-596). Patton (1963) concluded that the fauna indicates modern climatic 

and environmental conditions had been reached in central Texas by 3000 RCYBP .. 

LAUBACH CAVE 

Laubach Cave, also known as Inner Space Caverns, is a commercial cave in Williamson 

County. Lundelius (1985) published a faunal list and a preliminary discussion of the site. In 

addition, Slaughter (1966a) discusses the fauna from one cone of the site. However, the 

site is in need of an in-depth study. The fossils were deposited in five talus cones 

representing five closed entrances. These cones are designated Laubach I (TMM 40673) , 

Laubach II (TMM 40722), Laubach Ill (TMM 41343), Laubach IV (TMM 40505), and Laubach 

V (TMM 41465) . Each of these apparently was open at a different time during the Late 

Pleistocene. All of the talus cones produced extinct megafauna; none has produced an 

extensive microfauna. But, some intriguing taxa have been found, including Tadarida 

brasiliensis and Dipodomys elator. The significance of each of these taxa is discussed in 

the species accounts below . Radiocarbon determinations are associated with three of the 

talus cone deposits. Laubach I is dated to 15,850 ± 500 RCYBP (Tx-1137 ), Laubach II to 

13,970 ±310 RCYBP (Tx-1138) , and Laubach Ill dates to 23,230 ± 490 RCYBP (Tx-1139) 

(Lundelius, 1985). All of these determinations are on bone, and must be carefully 

evaluated. The dates are potentially minimum dates; however, these dates are not in 

conflict with any faunal or depositional evidence and may be accurate. In this analysis these 

dates are accepted as accurate indications of the age of the faunas. 

SCHULZE CAVE 

Schulze Cave, located in eastern Edwards County, is potentially one of the most 

important sites in evaluating and interpreting the Hall's Cave record. Dalquest and others 

(1969) analyzed the mammalian fauna in some detail. The deposits contain an abundant 

and diverse mega and microfauna, and the cave is located only about 35 km west of Hall's 
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cave. The analyzed deposits consist of two apparently Pleistocene units (C1 and C2) and 

one Holocene unit (B). 

Units C-1 and C-2 contain similar faunas and were treated by Dalquest and others 

(1969) as essentially one unit. They contain two extinct megafaunal taxa (Mammuthus 

columbi and Equus sp.) and numerous extralimital taxa, including Sorex cinereus, S. 

vagrans, Blarina carolinensis, Tamias striatus, Synaptomys cooperi and Oryzomys palustris. 

Like other faunas, this one is has no modern analogue. However, the way in which it is non

analogous are fundamentally different than what is found in other central Texas sites. It 

contains widely non-sympatric species pairs, i.e. Sorex vagrans with Tamias striatus and 

Oryzomys palustris with Lepus townsendi. Other central Texas site, Hall's Cave included, 

contain only marginally non-sympatric species pairs, such as Notiosorex crawfordiwith 

Synaptomys cooperi or Myotis veliferwith Sorex cinereus. 

The timing of the deposition of unit C-1 and C-2 is extremely problematic. Unit C-1 is 

associated with a radiocarbon determination of 9680 ±700 RCYBP (SMU-807). Unit C-2 is 

associated with a radiocarbon determination of 9310 ±300 RCYBP (l-2741A). Both of these 

older determinations that were derived from analysis of bone and are suspect. The 

presence of Equus sp. in both units suggests that the deposits may be older than the 

radiocarbon assays indicate (see Mead and Meltzer, 1984 for discussion of timing of Equus 

extinction). In addition, correlation of faunal changes with those at Hall's Cave, suggests an 

age several thousand years older than the determinations. The safest course of action is to 

regard the Schulze Cave radiocarbon determinations from unit C as minimum ages. 

Unit B contains an essentially modern fauna for the area. A radiocarbon determination 

of 3826 ± 208 RCYBP (SM-893) on charcoal provides a reasonable estimate tor the timing 

of deposition of unit B. It is interpreted as indicating that modem conditions prevailed by 

the time of deposition of Unit B (Dalquest et al., 1969). 

THE AVENUE SITE 

The Avenue Site (TMM 43067), from a site in downtown Austin, is one of the few 

open site faunas that has provided important paleoenvironmental information for central 

Texas. This fauna, which was studied recently by Lundelius (1992), came from the margin 

of a pond deposit associated with the First Street Terrace (Frederick, 1987; Lundelius, 
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1992). Three radiocarbon determinations were made on organic material within the fine 

grained sediment: 17,220 ± 1870 (Tx-5266) below the bone bearing unit, 12, 170 ± 3060 

(Tx-5267) on the bone bearing clay, and 15,970 ± 860 (Tx-5287) RCYBP on bone bearing 

clay. Lundelius (1992) interpreted the fauna as the result of deposition that occurred over a 

fairly limited time around 15,000 RCYBP. 

The presence of both Mammuthus and Mammut is taken to indicate the presence of 

both soft vegetation (browse or marsh) and harsh vegetation (grass) in the area (Lundelius, 

1992). The extralimital species indicate generally humid environmental conditions and 

probably marshy conditions (Lundelius, 1992). 

AMISTAD RESERVOIR SITES 

The Amistad Reservoir sites are a group of dry rock shelter and cave archeological 

sites (see Table 3) in Val Verde County, Texas. The most notable sites in this group from a 

vertebrate paleontological standpoint are Bonfire Shelter (41VV218), Hinds Cave 

(41VV456), Baker Cave (41VV213), and Cueva Quebrada (41VV162A). Other sites 

provide some additional information. The various sites at Amistad Reservoir cover the full 

time span from approximately 14,000 RCYBP to the present time. Unfortunately, as 

discussed above, the paleoecological value of these sites is reduced by several factors. All 

but three of the analyzed sites (Hinds Cave, Baker Cave, and Cueva Quebrada) lack 

screening finer than 1/4" mesh. Consequently, very few paleoenvironmentally sensitive 

taxa have been collected in the region. Material from Hinds Cave and Baker Cave is 

interesting ; however, the sites are so archeologically overprinted that the significances of 

taxa are uncertain. Finally, most of the vertebrates from sites in the area have not been fully 

studied or analyzed from a paleoecological standpoint. The vertebrate records from these 

sites are mostly used to support other data or to determine if central Texas trends can be 

extended into the western area of the plateau . 

A partial exception to this is Cueva Quebrada which provides one of the few well

dated Pleistocene faunas. The well studied bone-bearing deposits of this cave have been 

dated to around 12,000 to 14,000 RCYBP. Three radiocarbon dates have been obtained 

12,280 ± 170 (Tx-879, charcoal) , 13,920 ± 210 (Tx-880, wood) and 14,300 ± 220 (Tx-881, 

wood). The limited paleoenvironmentally sensitive fauna suggests the presence of "open 
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country, grasslands or savanna on the uplands" (Lundelius, 1984, p. 461 ). Effective 

moisture was probably at least slightly higher than modern (Lundelius, 1984). 

TAAL TMM 

SiteNarre Stte Number Stte N1.1rrber ~ ReterenQe 
Arenosa Shelter 41VV99 42198 LP-LH VP Lab Catalog 

Baker Cave 41VV213 N/A EH-LH Word and Douglas, 1970 
Bonfire Rockshelter 41VV218 40806 LP-LH Dibble and Lorraine , 1968 

Frank, 1968 
Centipede Cave 41VV191 40425 EH-LH Lundelius , 1963 
Coontail Spin 41VV82 40887 MH-LH Raun and Eck, 1967 

Cueva Quebrada 41 VV162A 41238 LP Lundelius , 1984 

Damp Cave 41VV189 40432 MH-LH Lundelius , 1963 
Eagle Cave 41VV167 40848 EH-LH Raun and Eck, 1967 

Hinds Cave 41 VV456 N/A LP-LH Lord, 1984 
Seminole Sink 41 VV625 42487 LP, M-LH Rosenberg , 1986 
Zopilote 41VV216 N/A M-LH Raun and Eck, 1967 

Table 3 -- Amistad reservoir area archeological sites that contain significant faunal remains. 
LP= Late Pleistocene, EH= early Holocene, MH =middle Holocene and LH =late 
Holocene. 

VARIOUS ARCHEOLOGICAL SITES 

Four archeological sites along the edge of and two on the Edwards Plateau contain 

important vertebrate remains used in analyzing central Texas paleoenvironments. The four 

along the edge are Kincaid Shelter (41UV2) and Montell Shelter (41 UV4) in Uvalde County, 

the Barton Road Site in Travis County (41TV87), and the Wilson-Leonard Site (41WM235) 

in Williamson County. The two on the plateau are Bering Sinkhole ( 41 KR241) in Kerr 

County and the Levi Rockshelter (41TV49) in Travis County. The faunal material from each 

of these sites, with the exception of the Wilson-Leonard Site, is currently curated at the 

Vertebrate Paleontology Lab. The material from the Wilson-Leonard Site is scheduled to be 

curated there in the near future. Much of the information concerning the faunas (other than 

Wilson-Leonard) is derived from the Vertebrate Paleontology Laboratory catalogue rather 

than the sources listed above. The age and context of these sites are summarized below. 

Kincaid Shelter (TMM 908) is a well-stratified deposit spanning the Late Pleistocene 

to Late Holocene. Zones 1,2, 3, and 4 are interpreted as being Late Pleistocene. Zones 3 
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and 4 both contain materials from Paleoindian occupations (Clovis, Folsom, Angostura, San 

Patrice and Golondrina) (Collins, et al., 1988). Zone 4 represents at least a Clovis 

occupation (Collins et al., 1988, 1989). Zones 5 and 6 are Holocene. Zone 5 contains 

artifacts diagnostic of Archaic age: Zone 6 contains diagnostic Late Prehistoric and Historic 

material (Collins et al., 1988). Unfortunately this site and its fauna have not been fully 

studied. Summaries of the site stratigraphy and importance can be found in Collins and 

others (1988, 1989); Lundelius (1967) provided a preliminary faunal list. 

The Montell Shelter (TMM 804) is another well stratified site containing both Late 

Pleistocene and Holocene deposits. It contains artifacts from Paleoindian to Historic affinity. 

The ages of various units and the presence of hiatuses has not been evaluated. Lundelius 

(1967) provided a preliminary faunal list, but the site and its fauna require further study 

The Barton Road Site (TMM 40627) is a small shelter site in Austin. It contains two 

units: one, a non-cultural deposit dates to approximately 3,480 ± 1060 (Tx-73, charcoal) 

RCYBP the second, containing Late Prehistoric material dates to 1015 ± 105 (Tx-74, 

charcoal) . This site, like those discussed above, has not been fully studied; however, a 

preliminary faunal list is available (Lundelius, 1967). 

The Wilson-Leonard Site (TMM 43157) is another well-stratified site containing both 

Late Pleistocene and Holocene deposits. The fauna from the 1982 excavations has been 

discussed by Winkler (1990) . However, this site is currently being re-excavated and 

restudied (Collins, 1992, personal communication). This restudy will include a complete re

analysis of the faunal material by R. Balinsky of the University of Texas at Austin, Dept. of 

Geological Sciences. 

Bering Sinkhole ( TMM 43133) is a well-stratified sinkhole mortuary site spanning 

much of the middle and late Holocene. It is located only 16 km NNW of Hall's Cave. The 

archeology and fauna have been studied by Bement (1991) . 

The Levi Rockshelter (TMM 40449) is a stratified paleoindian site which dates from 

>10,000 to about 7,000 RCYBP (Alexander, 1963). The fauna from this site was 

summarized by Lundelius (1967). 



40 

Vegetation Records 

FRIESENHAHN CAVE POLLEN 

The full glacial age deposits of Friesenhahn Cave contain well preserved pollen (S.A. 

Hall, 1990; personal communication). The pollen counts include relatively high 

percentages of grass pollen and an assortment of arboreal pollen types including Quercus, 

Pinus, and several hardwood taxa. The pollen assemblage suggests a grassland with well 

developed riparian woodlands. Small amounts of spruce pollen (Picea sp.) also were found 

suggesting cooler temperatures (see below) . 

EAST-CENTRAL TEXAS BOG POLLEN 

Several bogs east of the Balcones Fault Zone provide important information on 

vegetational change slightly to the east of central Texas. Among these are Boriack Bog, 

Patschke Bog, Soefje Bog, South Soefje Bog, Hershop Bog, Gause Bog and Weakly Bog 

(Bryant and Holloway, 1985). Boriack and Patschke, which have been fairly well dated, 

contain deposits spanning the Latest Pleistocene to the late Holocene. The Boriack Bog 

record extends from the near the end of full glacial times (15,000-16,000 RCYBP) to 

approximately 3000 RCYBP (Bryant and Holloway, 1985). The other key record is that from 

Weakly Bog. Although the bottom of this column has a date of only 2400 RCYBP, it is the 

only east-central Texas bog record that contains sediments dating from the last several 

thousand years (Bryant and Holloway, 1985). Because of their stratigraphic extent and 

dating, the records from Boriack and Weakly Bogs have been used for the majority of the 

reconstruction with other bogs providing ancillary information (Bryant and Holloway, 1985). 

The Late Pleistocene levels in these bogs are generally dominated by A/nus (alder) 

pollen, which has been interpreted to represent alder shrubs associated with the bog. 

These have been excluded from most of the analyses; however, they have been used to 

correlate the various bog deposits (Bryant and Holloway, 1985). In the analysis the original 

counts included A/nus pollen; these counts were the primary counts. A second set of 

counts, which exclude both A/nus pollen and Compositae pollen, were made and are 



4 1 

referred to as the secondary counts (Bryant and Holloway, 1985). The reason for the 

exclusion of Compositae pollen is a not given. 

The full glacial record (16-14, 000 RCYBP) from Boriack has been interpreted as 

representing an expansion of the eastern deciduous forest into east central Texas. This 

included the presence of such arboreal species as Populus (cottonwood I poplar), Betula 

(birch), Cory/us (hazel), Fraxinus (ash), Acer (maple), Cornus (dogwood), Carya (hickory I 

pecan), Salix (willow), and Tilia (basswood). Quercus (oak) and Pinus (pine) are interpreted 

to have been fairly minor components (Pinus may not have occurred in the local 

environment) (Bryant and Holloway, 1985). This forest expansion is interpreted as occurring 

under cooler more mesic climatic conditions. 

One of the most significant discoveries in the late Pleistocene Boriack and Patschke 

Bog pollen profiles is the presence of small quantities of spruce (Picea sp.) pollen. Spruce 

pollen made up less than 1% in the primary counts and was found between about 16,000 

and about 13,000 RCYBP. In the secondary counts it again comprised mainly less than 1% 

of the counts; however, it was found in sediments as young as approximately 11,000 

RCYBP (Bryant and Holloway, 1985). Holloway and Bryant (1984) identified the Picea 

pollen as P. glauca ; from this identification they concluded that mean July temperatures in 

central Texas during the Late Pleistocene were approximately 5.5°C cooler than modern 

temperatures. This estimate agrees well with the full-glacial estimate of an at least 5-6°C 

mean summer temperature depression based on vegetation zonation (Woodcock and 

Wells, 1990). Climate tolerance analysis of the type performed on the mammals from Hall's 

Cave (this study) applied to Picea glauca also corroborates this estimate (Figure 8). 

Boriack Bog records from late glacial times (14,000 - 10,000 RCYBP) are interpreted 

as indicating a reduction in the extent of woodland I open deciduous forest with a 

corresponding expansion of grassland habitats (Bryant and Holloway, 1985). This reduction 

is manifested by the loss of eastern deciduous taxa (e.g. Cory/us, Tilia, and Acer) and a 

reduction in relative abundance of pollen of some arboreal taxa that remain (e.g. Salix, 

Fraxinus, and Betula) (Bryant and Holloway, 1985). Also during this time, Picea disappears 

from central Texas. The vegetation shifts of this time are interpreted as responses to 

warming and drying conditions in central Texas (Bryant and Holloway, 1985). 

The Holocene record from the east-central bogs sites is interpreted as representing 

gradual monotonic warming and drying with increasing Quercus, grass, and herbaceous 
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pollen and a decrease in non-oak arboreal taxa. The vegetation of the entire period is 

interpreted to have been a very stable oak woodland or savanna throughout the entire 

period. The modern balance between oak woodland and oak savanna has been reached 

only during the last 1500 to 3000 years. The Weakly Bog record also indicates fairly mesic 

conditions between 2500 and 1500 RCYBP, with significant drying and possibly warming in 

central Texas after 1500 RCYBP (Holloway, et al., 1985). However, this record is not 

interpreted as indicating a mesic interval around 2500 RCYBP; instead, the environmental 

conditions at Weakly Bog at 2500 RCYBP are interpreted as a continuation of the drying 

trend found at Boriack Bog (Bryant and Holloway, 1985). 
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Figure 8 -- Modern climate tolerance (monthly temperature and monthly precipitation) for 
white spruce (Picea glauca) . The geographic range is based on Little (1971) . The diagram is 
constructed in the same way as those used for depicting animal tolerances throughout this 
paper. For details see Climatic Tolerance Analysis , above. 

The Bryant and Holloway (1985) interpretation of east-central Texas 

paleoenvironments based on the Boriack and Weakly Bogs data has been used frequently 

(i.e. Gehlbach, 1991 ; Wilkins, 1992) and has been treated almost as fact. It has also been 

used as a model for conditions over much of central Texas, including the Edwards Plateau. 
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However, several people who have re-analyzed the Boriack Bog data have obtained quite 

different results (Bousman, 1992; Toomey, et al., in press a). It is important to note that 

none of those who have re-analyzed the data are palynologists; however, in some ways their 

results are more consistent with the results in other areas of Texas and with other data sets. 

Bousman (1991) used three-sample moving averages of the secondary count 

percentages from Boriack Bog and compared the arboreal and grass pollen percentages. In 

this analysis, 0-2400 RCYBP, 8200-9600 RCYBP, 10,150-12,500 RCYBP and 13,100

15600 RCYBP were identified as representing woodland communities. Grasslands were 

reconstructed for 16,000-15,600 RCYBP, 13, 100-12,500 RCYBP, and 8200 to 2400 

RCYBP. The record from 10, 150-9600 RCYBP was interpreted to represent a weedy 

grassland. Bousman (1991) also attempted to estimate the percentage of arboreal canopy 

cover using a pollen-canopy regression for the modern Edwards Plateau (Shaw, et al., 

1980). He estimated canopy covers ranging from 18% to 47% for the periods identified as 

woodlands, and covers ranging from 10.% to 28% tor periods identified as herbaceous 

cover. None of the times has canopy covers high enough to classify as forest (>60-70 % 

canopy) and most should be referred to as either parks (11-70% canopy) (McMahan, et al., 

1984) or woodlands (26-60% canopy) (Diamond, et al., 1987). 

Bousman's analysis is an important step; however, I believe that he, like Bryant, may 

have overestimated the importance of arboreal taxa. The reason for this is that in Bryant's 

secondary counts, which Bousman used for his analysis, both Compositae and A/nus were 

excluded. The result is that both the grass and arboreal percentages are artificially inflated. 

However, since the Compositae are herbaceous vegetation, the increase in percentage of 

arboreal taxa causes more distortion than the increase in grass percentage. 

AMISTAD RESERVOIR SITE POLLEN AND MACROFOSSILS 

The pollen and macrofossil record of the Amistad Reservoir area archeological sites is 

summarized in Bryant and Holloway (1985). The most important pollen sites in that area are 

Bonfire Shelter, Centipede Cave, Damp Cave, Devil's Mouth Site, Eagle Cave, and Hinds 

Cave (Bryant and Holloway, 1985). Of these sites only Bonfire Shelter has a record that 

extends to the Late Pleistocene. Unfortunately, the late Pleistocene deposits of Bonfire 
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Shelter have been poorly dated and all ages older than 10,000 RCYBP are projections 

based on few data. These sites provide important paleoecological information; however, it is 

important to note that their botanical records, like their faunal ones, are heavily influenced by 

human activity and archeological taphonomic processes. 

The Pleistocene record from Bonfire Shelter, although poorly dated, is important. 

During a portion of the latest Pleistocene, possibly full-glacial (Bryant and Holloway, 1985) or 

late glacial (Toomey, et al., in press a), the pollen record at Bonfire Shelter suggests a 

mosaic vegetation with pinyon woodland I parklands and scrub grasslands. Bryant and 

Holloway (1985) suggested that juniper probably was present, although its pollen has not 

been preserved. During late glacial times (14,000 - 10,000 RCYBP), probably by at least 

12,500 RCYBP, scrub and grassland habitats were increasing at the expense of the 

woodlands I parklands. This change was interpreted to be in response to decreased 

effective moisture in the lower Pecos region and possibly in other portions of the Pecos 

River drainage. 

Scrub and grassland environments dominate the Amistad region during the entire 

Holocene. The trend toward the replacement of woodlands I parklands by scrub and 

grasslands continued during the first several thousand years of the Holocene. However, 

pinyon probably remained in protected canyons, and possibly on the uplands (Bryant and 

Holloway, 1985). By about 8500 RCYBP, xeric adapted plants such as Agave, Yucca, and 

Dasylirion were being exploited in the region (Dering, 1979). The limited pollen record 

available for between 7000 and 4000 RCYBP suggests continued deterioration of mesic 

vegetation and increasing aridity. At approximately 2500 RCYBP marked increases in both 

grass and pine pollen at several sites suggest a brief return to more mesic conditions (Bryant 

and Holloway, 1985). Following this mesic period progressive drying continued to the 

present (Bryant and Holloway, 1985). 

Miscellaneous Records 

BERING SINKHOLE SNAILS 

Analysis of the freshwater and terrestrial snail fauna from Bering Sinkhole provides 

some interesting paleoecological and paleoclimatological information (Bement, 1991; Neck, 
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1991). The fauna ranges in age from approximately 2000 to approximately 7000 RCYBP. 

All of the taxa found in the deposits currently are found on the Edwards Plateau. Most of the 

taxa present in the deposit suggest habitats such as open woodlands, savannas, and 

grasslands. One species, the terrestrial snail Glyphylinia umbilicata , is absent from samples 

dating to between approximately 4000 and 2700 RCYBP, but is present both before and 

after this time. This is a mesic adapted species and its absence is interpreted to indicate 

relatively xeric conditions during this time (Bement, 1991 ; Neck, 1991). 

CARRIZO AQUIFER NOBLE GASES 

Recent work on the noble gas content of the waters of the Carrizo aquifer provides a 

potentially important temperature reconstruction (Stute, et al., 1992). The neon, krypton, 

and xenon content of water from wells into the aquifer in Atascosa and McMullen county 

were used to reconstruct mean annual ground temperatures (approximately 1°C higher than 

air temperatures) tor approximately the last 30,000 RCYBP. The dating was based on a 

combination of radiocarbon ages on ground water samples and interpolated ages based on 

geographic placement of the wells. Their data indicate a mean annual temperature minimum 

between 12,000 and 17,000 RCYBP and a temperature plateau between 20,000 and 

30,000 RCYBP. The mean annual ground temperature reconstructed tor between 12,000 

and 17,000 RCYBP is between 15.4°C to 16.2°C, which is approximately 5°C lower than 

modern temperature (21 .8°C) . Between 20,000 and 30,000 RCYBP the reconstructed 

temperatures are approximately 18.1° ±0.6°C or 2.5°C cooler than the modern temperature. 

Stute and others (1992) interpret the ages of between 12,000 to 17,000 RCYBP age as 

representing the last glacial maximum times around 18,000 RCYBP. They attributed the 

3000 year shift in ages to the uncertainties of ground water dating. The temperature plateau 

dated to between 20,000 and 30,000 RCYBP is thought to represent temperatures during 

the middle Wisconsin (22,500 to 33,500 RCYBP). The data also suggest fairly rapid 

warming from their interpreted last glacial maximum temperature conditions; unfortunately, 

the dating problems do not allow me to confidently determine the timing of the warming. 



GEOLOGIC AND GEOGRAPHIC SETTING 

Hall's Cave is located in western Kerr County, Texas (Figure 6), approximately 50 

kilometers west-northwest of Kerrville on the T. D. Hall Ranch in Mountain Home, Texas. 

More detailed information on the location of the site is on file at the Vertebrate Paleontology 

Lab. Hall's Cave has the Vertebrate Paleontology Laboratory locality number TMM 41229. 

In addition, the cave is part of an archeological site listed in the records of the Texas 

Archeological Research Laboratory as 41KR474. 

Hall's Cave currently consists of a single large room (Figure 9). Before the early 

1930s, approximately five additional rooms were accessible from the main room; several of 

these rooms reportedly were larger than the remaining room. These rooms were entered 

through a small passage in the northeastern wall of the cave. Goats were wintered in the 

cave, and often they would wander into this passage and become lost. To prevent this, the 

passage to the other rooms was filled with debris. Subsequently the location of the 

passage to these rooms were forgotten (T.D. Hall, 1986, personal communication) ; I have 

been unable to locate this passage. 

One enters the cave by walking down a talus slope at the southwestern side of a 

small sinkhole (Figure 10). This entrance has a maximum vertical clearance of approximately 

3 m and is approximately 15 m wide. The walk-in entrance is the only known opening. 

Apparently, no additional entrances were associated with the lost rooms (T.D. Hall, 1986, 

personal communication) . 

A small drainage runs west to east just south of the sinkhole. The top of the 

sinkhole is at a slightly higher elevation than the drainage. Thus, sediments from the area 

south of the cave are transported down the wash rather than into the cave. Sediment can 

enter the cave only from the slope north of the cave. The total area from which sediments 

are derived is approximately 29,000 m2. 
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Figure 9 -- Map of the currently known extent of Hall's Cave showing the position of major 
rockfalls and the two excavated areas. The cave was mapped with a combination of Brunton 
compass and tape measure and with alidade and plane table. 
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Map of the Currently Accessible Portion of Hall's Cave, Kerr County, Texas 

mN 

f 
Sm 
~ 

Natural units 

El Segovia Fm (IK) bedrock 

Rockfalls composed of Segovia breakdown blocks ~ 
EJ Fine elastic sediment and guano 

Talus cone 

•
~ 

Entrance sinkhole 

Excavation Areas 

Composite Pit I 

Bear Pit 



49 

Figure 10 -- Two views of the sinkhole and the entrance of Hall's Cave. 
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Hall's Cave lies within the Guadalupe River drainage, just below divides separating 

the North Fork of the Guadalupe River from both Johnson Creek (also of the Guadalupe 

River drainage) and the South Llano River (of the Colorado River drainage). The small 

drainage just south of the cave is an unnamed first-order tributary of Bear Creek. The 

nearest permanent water sources to the cave are Boneyard Spring and the springs on the 

Kerr Wildlife Management Area which form the permanent headwaters of the North Fork of 

the Guadalupe River. All of these are about 9.6 km south of the cave. Although permanent 

water may have been closer in the past, evidence suggests that the drainage near the cave 

never has been a permanent watercourse. 

Hall's Cave lies in the center of the Edwards Plateau. Over 75 percent of the known 

caves in Texas occur within the nearly flat-lying Cretaceous limestones of this geomorphic 

region, or within its westward extension, the Stockton Plateau (Kastning, 1983). They are 

not, however, evenly distributed across the region. Cave distribution is controlled by 

variation in lithology, fracturing, local and regional dip, and topography (Kastning, 1983). 

The Edwards Group experienced karst activity during the Late Cretaceous, the Miocene, 

and during the Quaternary; together these episodes formed the large karst terrain 

(Kastning, 1987) . 

The cave is within the lower portion of the Segovia Formation of the Edwards Group 

(Barnes and Rose, 1981). Joint control may be a factor in the formation of this cave; 

evidence for this includes linear speleothem traces on the ceiling. The general shape of the 

cave suggests that it is a breached portion of a tube. 

Abundant speleothems, especially stalactites and draperies, adorn the walls and 

ceiling of the cave. These are especially common in the rear portion of the cave. Most of 

these speleothems are inactive. The rear of the cave contains a higher proportion of active 

speleothems than does the section near the entrance. Several rimstone dams are present 

in the rear of the cave. These rimstone dams have a total relief of approximately 20 cm, 

indicating frequent ponding of water in this area of the cave to at least this depth (BOgli, 

1980). No ponded water occurs in the cave under normal modern Edwards Plateau 

moisture conditions; however, after the extremely wet winter of 1991-1992, a few 

centimeters of water were ponded behind the rimstone dams. In addition, the walls and 

ceiling of Hall's Cave were once covered with large amounts of cave coral and cave popcorn. 
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Later in the cave's history, this cave coral spalled off the walls and ceiling and was 

incorporated into the sediments. In the area of excavation this spalling occurred during the 

Late Pleistocene. 

The large amount of travertine and the height of the rimstone dams both indicate 

that the cave has experienced periods much wetter than current conditions. At present the 

cave does not currently receive enough water for extensive travertine formation. Most of 

the speleothems do not activate (or even get wet) even in wet weather. No large 

speleothems in Hall's Cave are active and none of the small speleothems are constantly 

active. The ceiling travertine and rimstone dams have not been dated, so the time of their 

formation is not known. 

Clastic sediments and modern guano cover much of the modern cave floor. A very 

extensive rockfall is exposed in much of the southern and southeastern portions of the 

cave. It is not clear whether this represents a single fall or a composite of several falls. A 

smaller rockfall is associated with the cave entrance. 



MODERN ECOLOGICAL SETTING 

Climate 

The climate of the Edwards Plateau varies from Subtropical Subhumid on the east and 

central portions to Subtropical Steppe on the western edge (Larkin and Bomar, 1983). 

Subtropical Subhumid climates are characterized by hot summers and dry winters. The 

Subtropical Steppe climate is typified by hot summers and semi-arid to arid conditions. Kerr 

County is in the western portion of the area of Subtropical Subhumid climate. 

The increasing aridity from east to west on the plateau is due to a combination of 

decreasing precipitation and increasing evaporation across the Edwards Plateau. Annual 

temperatures are similar across the plateau. Average annual precipitation decreases from 

approximately 86 cm I yr. on the eastern edge to less than 45 cm I yr. on the western edges. 

Over this same area, average gross lake surface evaporation increases from 160 cm in the 

east to at least 203 cm on the western edge. This extreme moisture gradient has important 

implications for reconstruction of past environments. Edwards Plateau faunas in general, 

and Hall's Cave faunas in particular, are more sensitive in detecting subtle changes in 

moisture than they are in detecting small temperature changes. Because both precipitation 

changes and evaporation changes are important in causing moisture changes, these two 

variables are not readily separable and the faunal changes may be used to track effective 

moisture. 

The nearest weather station to Hall's Cave is at the Knipling-Bushland Livestock 

Insect Research Laboratory at Kerrville, Texas. Dittemore and Coburn (1986) summarized 

climatic data from this station. Important monthly climatic variables are shown in Figure 11 . 

The mean annual temperature at Kerrville is 25.4°C and the mean annual precipitation is 

51 .11 cm. The lowest mean daily minimum temperature is 0.4°C in December. The highest 

mean daily maximum temperature is 34.4°C in August. The lowest recorded temperature is 

-21.?°C and the highest recorded temperature is 43.3°C. The length of growing season at 

Kerrville (number of days with minimum temperature above -2.2°C) is 224 or greater 8 years 

in 10. 

The annual distribution of precipitation at Kerrville is strongly bimodal with highest 

precipitation in the spring and fall (Figure 11 ). However, mean gross surface evaporation 
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exceeds mean precipitation in all months. This results in a net moisture deficit in all months, 

especially in the summer. Precipitation amounts are extremely variable. Occasional 

precipitation events can produce extremely high rainfall totals in short periods. 

For some animals, the climate within the cave is an important consideration. Data for 

Hall's Cave climate are limited. Hall's Cave is not a constant temperature cave. The large 

entrance and open nature of the cave lead to large temperature variations during the year. 

During my work at Hall's Cave, wall temperatures varied between 11 °c (February 26, 1989) 

and 21°c (July 30, 1989). Cave air temperatures varied between 12°c and 21°c. The air 

and wall temperatures at the Bear Pit and near Composite Pit I were within 1°C of each other. 

Although I have no humidity measurements, relative humidity in the cave is generally higher 

than outside. Considerable variation occurs in the relative humidity in the cave. The relative 

humidity is generally higher and more stable toward the back of the cave. After heavy rains, 

when the walls of the cave are wet, humidity is higher in the cave than in intervening times. 

The large entrance also allows large amounts of sunlight to enter the cave. The twilight line 

of the cave is at least halfway to the back of the cave and during the day no part of the cave 

experiences total darkness. 

Modern Solls 

The modern surface soils in the vicinity of Hall's Cave are from the Tarrant-Eckrant 

association (Dittemore and Coburn, 1986). All of the descriptions of soils are based on the 

descriptions of Dittemore and Coburn (1986). These are shallow to very shallow, cobbly and 

stony soils. Typical Tarrant soils have an A horizon Oto 5 inches thick which is very dark 

grayish brown (1 OYR 3/2 moist) (color designations are those of Munsell) with approximately 

35 percent limestone cobbles by volume. AO to 4 inch thick Ak, also very dark grayish 

brown (10YR 3/2 moist) with common fine carbonate concretions and about 70 percent by 

volume limestone cobbles, underlies the surface horizon. Below these horizons is coarsely 

fractured indurated limestone. Typical Eckrant soils are slightly deeper and slightly rockier 

than the Tarrant soils. The Eckrant A 1 horizon is 0 to 7 inches thick, very dark grayish brown 

(10YR 3/2 moist), with about 45 percent cobbles and pebbles by volume. The A2 is Oto 5 

inches thick, very dark grayish brown (10YR 3/2 moist), with about 60 percent cobbles and 
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A. Kerr Co. Monthly Temperature Data 
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Figure 11 -- Kerr County monthly climatic data. A. Mean daily maximum, mean daily 
minimum and mean monthly temperature (1951-1978) (data from Dittemore and Coburn, 
1986). B. Mean monthly precipitation (1951-1978) (data from Dittemore and Coburn, 1986) 
and mean monthly gross lake surface evaporation ( 1950-1979) {data from Larkin and Bomar, 
1983). On the graphs month 1 is January. 
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pebbles. Below this is fractured, indurated limestone. The Tarrant and Eckrant series soils 

are similar in color to the Dark Brown and Black Unit sediments. 

In addition to the soils immediately around the cave, several other modern Kerr 

County soils that have horizons similar to sediments in the cave are important in the 

consideration of Hall's Cave. These soils may be relicts of once more extensive soils, which 

may once have covered the area around the cave. Due to variation in soils and continuing 

soil forming and eroding processes, the soils discussed below would not be quite the same 

as those which provided sediments for the cave. Alternatively, the soils with similar colors to 

the Hall's Cave sediments may have been formed in sediments derived from soils that 

produced the cave sediments. Either way, the soils may provide clues about the 

Pleistocene and Holocene soils represented by the Hall's Cave sediments. 

The Roughcreek, Spires and Tarpley soils each have Bt horizons which are red in 

color (2.5YR 3/4, 2.5YR 3/6, 2.5YR 3/4), approaching the color of the red clay in Hall's Cave 

(2.5YR 4/6 to 10R 3/3) . The Roughcreek series are "gently undulating, shallow, well 

drained, stony and loamy soils on uplands" (Dittemore and Coburn, 1986, p. 70). They have 

a total depth ranging from about 25 to 50 cm. The Spires series are "gently undulating, 

moderately deep, well drained soils on uplands" (Dittemore and Coburn, 1986, p. 70), 

which range in depth from 50 cm to 1 m in depth. The Tarpley series are "gently undulating, 

shallow, well drained clayey soils on uplands (Dittemore and Coburn, 1986, p. 72), ranging 

in depth from about 33 to 50 cm. Soils of these series are found in the vicinity of the cave in 

the Spires-Tarpley association and Tarpley-Roughcreek association (Dittemore and Coburn, 

1986). 

Soils with horizons the color of the Half's Cave brown clay (5YR 3/3) are moderately 

common. The soils discussed above (Roughcreek, Spires and Tarpley) have A horizons 

with these colors (5YR 3/2 to 5YR 2/2) . However, the A horizons of these soils are unlikely 

to have produced the Hall's Cave sediments; if the Bt horizon of a soil like one of these 

produced the red clay, the A horizon should not be available for producing the brown clay. 

The Comfort, Depalt, and Doss series each have dark reddish brown B horizons. The 

Comfort series are "gently undulating, shallow, well drained, clayey and stony soils" 

(Dittemore and Coburn, 1986, p. 62) between 22 and 50 cm thick. The Depalt series are 

"nearly level to gently sloping, deep, well drained, loamy soils that formed in residuum from 

the weathering of limestone" (Dittemore and Coburn, 1986, p. 63), which are quite deep, 
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ranging from 1 m to 2m in total thickness. The Doss series are "gently sloping, sloping, and 

undulating, shallow, well drained, clayey soils" (Dittemore and Coburn, 1986, p. 65) ranging 

in depth from 28 to 50 cm. These soil series are present in the general area around the cave 

as minor components of the Tarrant-Eckrant association, Tarpley-Roughcreek association, 

and Purves-Tarrant association (Dittemore and Coburn, 1986). 

The main alluvial soil map unit in Kerr County is the Nuvalde-Oakalla-Boerne 

association (Dittemore and Coburn, 1986). This soil unit is not found in the vicinity (within 

approximately 15 km) of the cave, although limited areas of soils of the Orif-Boeme 

association (an alluvial association) occur near the North Fork of the Guadalupe within 15 km 

of the cave. The lack of the main alluvial soil map unit in the vicinity of Hall's Cave is important 

because it indicates a lack of major alluvial fill within hunting range of the cave. This suggests 

that most of the animals that are indicative of soil conditions found in the deposits at Hall's 

Cave probably were originally collected (caught by a predator) on an upland soil. For this 

reason the Hall's Cave fauna is interpreted to represent principally the condition of soils on 

the uplands. 

Vegetation 

The vegetation of the Edwards Plateau is extremely varied; this is due to the large 

diversity of moisture, land form, soils, and geology of the plateau. Riskind and Diamond 

(1988; p. 15) summarized the vegetation of the plateau as follows: 

A highly generalized summary of vegetation-types would include: 
deciduous forests or woodlands on floodplains and mesic slopes; evergreen 
woodlands on xeric slopes and scattered in upland grassland; evergreen and 
deciduous shrublands on the dry slopes in the west and on disturbed 
uplands; and an east-to-west (mesic-to-xeric) tallgrass-to-shortgrass gradient 
of grasslands on uplands and in broad valleys .. .. Uplands often appear 
savanna- or park-like because scattered clumps or individuals of woody 
species. 

This mosaic of vegetation types has important implications for environmental reconstruction. 

Some of the more important aspects of the vegetation are discussed in more detail below. 
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The modern upland vegetation is mapped as Live Oak-Ashe Juniper Parks and Live 

Oak-Mesquite-Ashe Juniper Parks with Live Oak-Ashe Juniper Woods on hills and 

escarpments (McMahan, et al., 1984). As one moves west on the plateau, the woody 

component changes from mainly live oak to a mix of live oak and mesquite. Live oaks are 

often found in motts within a fairly open grassland. Juniper is often found in dense stands 

(cedar brakes) on slopes with very thin rocky soils (Riskind and Diamond, 1988). Important 

arboreal elements of this vegetation include Texas oak (Quercus texana), shin oak (Q. 

sinuata var. breviloba), cedar elm (Ulmus crassifolia), netleaf hackberry (Ce/tis reticulata), 

flameleaf sumac (Rhus lanceolata), and Mexican persimmon (Diospyros texana) (McMahan, 

et al., 1984), in addition to the dominant live oak (Q. virginiana) and Ashe juniper (Juniperus 

ashei). 

The grassland component of the vegetation also changes from east to west. The 

eastern plateau grasslands are similar to true (tall-grass) prairie. As aridity increases to the 

west, the mixed-grass grassland species become more important and finally shortgrass 

species come to dominate (Riskind and Diamond, 1988; Table 2). In a 34 year study of 

grassland development in Edwards and Sutton County, Smeins and Merrill (1988) found 

that the grassland component slowly changed from a shortgrass dominated assemblage to a 

midgrass dominated assemblage when domestic grazing pressure was eliminated. This 

suggested that the natural grassland component of the central Edwards Plateau may be 

dominantly mixed-grass species. Grazing by Bison bison might have had a similar effect to 

that of cattle grazing in prehistoric times; however, their effects may have been limited to 

certain seasons. 

The central Texas grasslands are dominated by C4 grasses in terms of both species 

diversity (Teeri and Stowe, 1976) and abundance (Diamond and Smeins, 1985). The only 

common C3 grass in central Texas is Stipa leucotricha (Texas wintergrass). A few C3 

sedges also contribute to the graminoid component (Diamond and Smeins, 1985). 

Diamond and Smeins (1985) analyzed the absolute frequency and relative cover of 35 

tallgrass grasslands from eastern and east-central Texas. Their data indicates that in these 

grasslands the mean percentage cover of C4 plants in the graminoid fraction ranges from 80 

to 94%. If both graminoids and forbs are considered, the mean percentage cover of C4 

plants ranges from 66 to 84%. The relatively high summer temperatures probably are 

responsible for the dominance of C4 grasses (Teeri and Stowe, 1976; Jones, 1985). 
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Grazing by cattle, sheep, and goats is only one of the historic changes that has 

affected the vegetation of the plateau. Another important factor is the change in fire regime. 

Fonteyn and others (1988) note that since 1850 many parts of the Edwards Plateau have 

relatively rapid changes from a savanna-like vegetation to a shrub-land or woodland. They 

attribute this change to a combination of suppression of the pre-historic fire regime (either 

natural or anthropogenic) and the introduction of grazing. Many of the woody species that 

have become more important during the last 140 years are fire sensitive. The best example 

of this may be Ashe Juniper. Fires would have limited juniper to ravines and other areas 

protected from fires creating cedar brakes in rough areas. The lack of frequent wildfires has 

allowed juniper to dominate much of the plateau today (Fonteyn, et al., 1988). The change 

in fire regime also would affect live oaks, with fire loss of seedlings combined with root 

sprouting largely limiting oak to dense motts. 

The magnitude of historic changes to the upland plateau vegetation makes it 

important to try to assess what the vegetation of the region would have been before the 

impact of European settlers. Using both pre-1860 historic records and pre-1860 survey 

witness tree data, Weniger (1988) proposed that the early historic vegetation of the plateau 

consisted of a number of types of vegetation. Woodland I forest dominated in the northern 

portions; this graded into a grassland I savanna in areas to the east, south and west. Witness 

tree data for Kerr County indicate that before 1860 the area was probably dominated by 

grassland vegetation. Trees were probably fairly widely distributed, perhaps making Kerr 

County fairly savanna-like (Weniger, 1988). 

The riparian areas of the plateau are generally forested. Common trees of the riparian 

areas along the Guadalupe River include bald cypress ( Taxodium distichum), sycamore 

(Platanus occidentalis), pecan (Carya illinoensis) , sugarberry (Ce/tis laevigata), elm (Ulmus 

americana), and box elder (Acer negundo) (Riskind and Diamond, 1988; Van Auken, 1988). 

A hackberry tree (Ce/tis occidentalis) currently is growing in the entrance sinkhole of 

Hall's Cave. This apparently is a common occurrence. At the Kerr Wildlife Management Area 

caves can often be identified by the presence of hackberry trees in their entrances (Harmel 

and Armstrong, 1987, personal communication) . They occur in the entrances of caves 

because they require higher moisture than is available in upland settings. This moisture is 

often available at cave entrances. 
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Vertebrate fauna 

Hall's Cave is located in the center of the Balconian biotic province (Blair, 1950). The 

Balconian Province includes all of the Edwards Plateau region. The Balconian vertebrate 

biota is a unique mixture of animals found in the biotic provinces surrounding it: the Kansan, 

Texan, Austroriparian, Tamaulipan, and Chihuahuan biotic provinces. Syrrhophus marnocki, 

Crotalus molossus, Holbrookia texana, Spermophilus variegatus, and Peromyscus pectoralis 

are examples of vertebrates of Chihuahuan affinities that range into the Balconian province. 

Rana catesbeiana, Agkistrodon piscivorous, Neotoma floridanus, and Microtus pinetorum 

are of Austroriparian affinity. Species with Tamaulipan affinity include Sceloporus olivacea, 

Fe/is pardalis, and Spermophilus mexicanus. Kansan species which occur within the 

Balconian province include Reithrodontomys montanus and Taxidae taxus (Blair, 1950). 

Of about 405 terrestrial vertebrate species (Davis, 1974; Dixon, 1987; Wolfe, 1965) 

found on the Edwards Plateau only seven species of salamanders are endemic (Dixon, 

1987). The lack of endemism in the Balconian fauna may contribute to the utility of Edwards 

Plateau faunas and paleofaunas in reconstructing past environments. Because the modern 

fauna is a mixture of various elements from very different climatic settings, e.g . the 

Chihuahuan province in an arid climatic regime and the Austroriparian from a moist to sub

humid regime (Blair, 1950), the changes in composition of the mixture will, in part, reflect 

changes in climate through time. 

Caves and cave entrances are utilized frequently by many types of vertebrates. 

Animals that have been observed within Hall's Cave during my field work are listed in Table 4. 

Animals that have been observed in the entrance sinkhole are listed in Table 5. In addition, 

many other vertebrate taxa have been observed in the vicinity of Hall's Cave. These animals 

may occasionally enter the sinkhole or the cave . 

The most numerous living vertebrate at the cave is the Mexican free-tailed bat 

(Tadarida brasiliensis mexicana). During the summer extensive colonies of Tadarida are 

often present. The colony at Hall's Cave is estimated to have been as large as 500,000. In 

most years only male bats were observed and the cave is thought to have housed a bachelor 

colony. During the summer of 1991 the cave housed a maternity colony. These free-tailed 

bat colonies are the source of the extensive guano covering the floor of the cave. 
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In addition to the large bat colony, Hall's Cave is also the summer home to a population 

of cave swallows (Hirundio fulva) is estimated to be about 200 breeding pairs. The walls of 

the cave have many active and abandoned cave swallow nests. The population at Hall's 

Cave has been observed to produce two clutches each summer. 

Table 4-- Vertebrates observed within Hall's Cave during field work 1986-1991 . 
Amphibia 

Rana berlandieri 
Reptilia 

Leptotyphlops dulcis 
Aves 

Bubo virginianus 
Hirundo fulva 

Mammalia 
Didelphis virginiana 
Myotis velifer (?) 

Pipistrellus subflavus 
Tadarida brasiliensis 
Bassariscus astutus 
Conepatus leuconatus 
Capra hircus 

Table 5 -- Vertebrates observed on the entrance talus cone of Hall's Cave during field 
work 1986-1991 . 

Amphibia 
Scaphiopus couch 
Syrrhophus marnocki 
Rana berlandieri 

Reptilia 
Eumeces obsoletus 
Cnemidophorus gularis 
Urosaurus ornatus 
Sceloporus undulatus 
Cophosaurus texanus 
Crotophytus collaris 
Thamnophis sirtalis 
Masticophis flagellum 
Crotalus atrox 

Aves 
Bubo virginianus 
?Buteo sp. 
Hirundo fulva 
Sayornis phoebe 
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Table 5 (con't) 
Mammalia 

Didelphis virginiana 
Tadarida brasiliensis 
Bassariscus astutus 
Conepatus leuconatus 
Spermophilus variegatus 
Peromyscus sp. 
Peromyscus attwateri 
Damadama 
Capra hircus 



ARCHEOLOGICAL CONSIDERATIONS 

Hall's Cave is a portion of the archeological site 41KR474, which includes the cave 

and the area in the immediate vicinity of the sinkhole. At least four burnt rock middens are 

contained within the site. The whole surface area surrounding the sinkhole has flakes and 

partial tools of Edwards chert . Chert artifacts from 41 KR474 date from Paleoindian (an 

Agate Basin or Angostura point base) to Late Prehistoric (a Scallorn point) times; the 

majority of the identifiable points date from the Late Archaic. Especially common are Frio 

and Frio-like points. 

Two of the burnt rock middens are found around the northeastern third of the 

sinkhole in which Hall's Cave has its entrance. These middens have been badly disturbed, 

mainly by human and goat activity around the cave. The middens contain burnt rock and 

many chert artifacts. The material is typical of Edwards Plateau burnt rock middens (Collins 

(2), 1991 , personal communication). It contains not only finished points and tools, but also 

unfinished point blanks and pre-forms, unfinished tools, pieces broken in manufacture, 

and debris (Collins (2), 1991 , personal communication). 

Projectile types associated with the middens include Montell, Ensor, Frio, and 

Scallorn points (Collins (2), 1991). The Ensor and Frio points are much more common in 

the sample. Montell points are Late to Transitional Archaic dating from circa 3,000 yrs. BP 

to 1800 yrs BP. Ensor points are Transitional Archaic dating from circa 2200 yrs BP to 1400 

yrs BP. Scallorn points are Late Prehistoric dating from circa 1300 yrs BP to 800 yrs BP. 

The Scallorn points date to slightly later than the time usually associated with central Texas 

burnt rock middens (Prewitt, 1981). They may indicate that these midden experienced late 

use, or may represent use of the area after the midden was in place. Additional evidence of 

late prehistoric use of the area is one burnt rock midden with Late Prehistoric artifacts. 

It is important to consider these burnt rock middens at the entrance in conjunction 

with the excavation of the cave. These middens are probably a source for some material in 

the cave. Much of the burnt rock, burnt bone, charcoal and chert found in Composite Pit I 

may have been washed out of the burnt rock middens. 

To evaluate the archeological significance of chert flakes in the Hall's Cave deposits, 

Michael B. Collins (2) searched the slope north of the sinkhole for chert outcrops. He 
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found only small isolated nodules of badly weathered white chert , but no chert of knapping 

quality. 



PREVIOUS INVESTIGATIONS AND METHODS 

Investigation of Hall's Cave has taken place in three phases over the past twenty 

years : the Klein Cave phase; work on Hall's Cave by Michael B. Collins (1 ); and the present 

work (including a brief investigation by Robert S. Rosenberg). 

KLEIN CAVE PHASE 

From 1966 to 1968 Dr. Edward Roth (currently of Howard Payne University, 

Brownwood, Texas) worked on a cave, which he named Klein Cave. This work was for a 

Master's degree in the Department of Biology at Midwestern State University. He wet

screened 1500 pounds of matrix and analyzed the resultant fauna (Roth, 1972). The cave 

that Roth worked is certainly Hall's Cave (Michael Collins (1) and T.D. Hall, 1986, personal 

communication; E. L. Roth, 1989, personal communication); however, I have been unable 

to locate his excavation. Michael Collins (1) identified several depressions along the 

northwestern wall of the cave as the remains of Roth's pits. Roth, however, remembered his 

pits as having been along the southeastern wall (E.L. Roth, 1989, personal communication). 

Roth (1972) examined the mammalian fauna of the cave. Subsequently, Parmley 

(1988) identified the amphibians and reptiles from Klein Cave, and Feduccia (1972) 

identified the birds. Table 6 contains a faunal list of Klein Cave material. Differences in the 

identification of medium sized Myotis remains and the presence of Tamias striatus are the 

most notable differences between Roth's fauna and the one I obtained. The material from 

Roth's excavation are curated in the Midwestern State University Collection of Fossil 

Vertebrates, Wichita Falls, Texas. 
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Table 6 -- Reported fauna from Klein Cave phase of Hall's Cave investigation. Based on 
reports of Roth (1972) , Feduccia (1972) and Parmley (1988). 

Amphibia 
Leptodactyl ldae 

Syrrhophus marnocki 
Hylactophryne augusti 

Ambystomatldae 
Ambystoma tigrinum 

Reptilia 
Anguldae 

Gerrhonotus liocephalus 
lguanldae 

Phrynosoma cf . P. cornutum 
Colubrldae 

Heterodon sp . 
.Arizona elegans 
Lampropeltis getulus 
Lampropeltis triangulum 
Elaphe obsoleta 
Elaphe cf . E. guttata 
Masticophis sp. or Coluber sp. 
Pituophis melanoleucus 
Thamnophis sp. 

Vlperldae 
Grata/us sp. 
Agkistrodon cf . A. controtrix 

Aves 
Anatldae 

Anas carolinensis ? 
Phaslanidae 

Meleagris gallopavo 
Colinus virginianus 
Tympanuchus sp. 

Columbidae 
Zenaida macroura 

Scolopacldae 
Totanus melanoleucus 

Strlgldae 
Otus asio 
Speotyto cunicu/aria 

Hlrundlnldae 
Hirundo fulva 

Fringillidae 
Unidentified small fringillids 
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Table 6 (can't) 
Mammalia 

Sorlcldae 
Notiosorex crawfordi 
Cryototis parva 
Blarina sp. 

Talpldae 
Sea/opus aquaticus 

Vespertlllonldae 
Myotis lucitugus 
Myotis velifer 
Myotis evotis 
Myotis californicus 
Pipistrellus hesperus 
Pipistrellus subflavus 
Eptesicus tuscus 

Homonldae 
Homo sapiens 

Ursidae 
Ursus americanus 

Mustelidae 
Mustela erminea 
Spilogale putorius 
Mephitis mephitis 

Canldae 
Canis latrans 
Vulpes velox 

Felldae 
Fe/is rutus 

Scluridae 
Tamias striatus 
Cynomys ludovicianus 

Geomyldae 
Thomomys bottae 
Geomys bursarius 

Heteromyldae 
Peroganthus sp. 
Chaetodipus hispidus 
Dipodomys ordii 
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Table 6 (con't) 

Murldae 
Reithrodontomys montanus 
Reithrodontomys megalotis 
Reithrodontomys fulvescens 
Peromyscus cf. maniculatus 
Peromyscus cf. leucopus 
Peromyscus boy/ii 
Peromyscus pectoralis 
Onychomys leucogaster 
Neotoma floridana 
Neotoma micropus 
Neotoma albigula 
Sigmodon hispidus 
Synaptomys cooperi 
Microtus pennsylvanicus 
Microtus cf. pinetorum 

Leporldae 
Sylvilagus sp. 

Cervldae 
Odocoileus virginianus 

As noted the fauna that Roth (1972) reported agrees well with my own and with that 

from other central Texas sites; however, the cave stratigraphy that he described (Roth, 

1968) does not agree with the stratigraphy of Composite Pit I (compare Figure 12 with 

Figure 14). Roth (1972) reported that abundant bone came from only one thin stratigraphic 

level. I have found no sterile levels in Hall's Cave and bone is common in all levels. Roth 

obtained one radiocarbon date on rodent and rabbit postcrania of 7,683 ± 643 RCYBP (SM

1196). The late Pleistocene affinity of his fauna suggests that this date is either too young 

or the fauna represents materials spanning a several thousand year period. 

It is very important to note, however, that cave sedimentation is a complex process. 

The stratigraphy of a cave can vary immensely in a small space; for example, the thickness of 

my unit 4 in Composite Pit I varies from approximately 5 cm to over 2 m in the space of 2 

meters horizontally. For this reason, it is not necessarily surprising that one would be unable 

to correlate Roth's stratigraphy with that of Composite Pit I. Unfortunately, because of this 

inability to correlate my work with Roth's stratigraphy, I have been unable to use Roth's data 

in my study. 
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30 cm 

Klein Cave Bone Pocket Stratigraphy 
after Roth (1968) 

Layer"A" 
Black 
No bones 

Layer"B" 
Brown, bones 

Layer"C" 
Black, rocky 

Layer"D" 
Yellow, 
bone-rich 

Figure 12 -- Stratigraphy of Klein Cave at Roth's bone bearing pocket. Re-drawn based on 
Roth (1972). 

MICHAEL B. COLLINS (1) 

From 1968 to 1970 Michael B. Collins (1), of the Department of Geological Sciences, 

University of Texas at Austin, excavated Hall's Cave. He gave the cave the name that I have 

chosen to use. Collins excavated two areas of the cave : one pit on the main flat and the bear 

pit (Figure 9). He excavated his Pit I in 15 cm levels. This pit extended to a depth of 195 cm. 

Collins (1) screen washed the matrix of both Pit I and the Bear Pit. The material and copies 

of the field notes from this excavation are housed at the Vertebrate Paleontology Lab of the 

University of Texas at Austin. The information and material from Pit I and the Bear Pit are 

integrated with the results of the current work. 
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CURRENT WORK 

The current phase of Hall's Cave research began in the summer of 1986, with a brief 

excavation by R. S. Rosenberg and myself. To date approximately 18 cubic meters of Hall's 

Cave sediment have been excavated from six pits. These six pits are adjacent to each other 

and to Pit I of Mike Collins (1) (Figure 13). The entire seven pit complex is referred to as 

Composite Pit I. This excavation scheme has allowed the material from Pit I to be integrated 

with the material from this phase. A portion of Composite Pit I has been excavated to the 

bedrock floor of the cave (see discussion of stratigraphy below). 

Layout of Composite Pit I 

Cave

mN\fnce 
1d1E 

1C 

Not excavated 

systematically181A 

I1 

Figure 13 -- Generalized diagram of the layout of the component pits of Composite 

Pit I. 

All material from Pit 1, Pit 1 A, Pit 1 B, Pit 1d, and Pit 1 E was excavated in 5 cm levels. 

The upper portions of Pit 1 C were excavated in less detail. Material was saved from only 
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eight 5 cm levels (25-30 cm, 30-35 cm, 60-65 cm, 65-70 cm, 100-105 cm, 105-11 Ocm, 140

145 cm, and 145-150 cm) in the upper 1.5 m of the deposit. Below 155 cm depth in Pit 1 C 

the pit was excavated in 5 cm levels and all material was saved. The 5 cm level excavation of 

the southwestern portion Composite Pit I (Pit I , 1, 1 A, 1 B) ended at the Travertine Wedge 

and rockfall material in the Red Clay. These pits, as well as the continuation of Collins (1 )'spit 

below 195 cm, were excavated in whatever amount was possible. This usually resulted in 

levels between 10 and 20 cm in thickness. Pit 1d and 1 E were entirely excavated in 5 cm 

levels. 

Portions of two pits, Pit 1 d (below 160-165 cm) and all of Pit 1E, were excavated by 

three Earthwatch crews directed by Dr. Ernest Lundelius, Dr. Michael B. Collins (2) , and 

myself. Pit 1d and Pit 1E were excavated as separate pits above 160 cm. From levels 160

165 to 235-240 the two pits were excavated as a single pit; this pit is designated Pit 1 d/E. At 

a depth of 240 cm excavation of Pit 1 E was suspended due to time constraints . From level 

240-245 cm to 360-365 cm only Pit 1d has been excavated. For most analysis in this paper 

these two pits are treated as a single excavation unit. The processing and analysis of the 

material from the Earthwatch excavations is still proceeding. For this reason all observations 

concerning material from a depth of 270 cm or below are preliminary. 

Unfortunately, I was unable to excavate the cave in natural levels. Although, small 

pebble stringers occur, they are not extensive enough to recognize under excavation 

conditions and cannot be used to separate layers. The same is true for the subtle color 

change from the Black Unit to the Dark Brown Unit and from the Dark Brown Unit to the 

Brown Clay (see Stratigraphy, below). The transition between the Red Clay and the Brown 

Clay (see Stratigraphy, below) is more readily identified in excavation and has been used as 

a natural break. The pebble stringers and boundaries between units are clearly visible in 

profile only after excavation. 

The various pits of Composite Pit I do not correlate perfectly. For example, the bone 

rich layer near the bottom of the Brown Clay appears in Pit 1 B in levels 150-155 cm and 155

160 cm; the same layer occurs in Pit 1 C as 140-145 cm and 145-150 cm. Two factors 

contribute to this. First, the bone rich layers are actually lenses that are in slightly different 

stratigraphic positions. Second, small excavation errors may have cumulatively resulted in 

slight differences in elevation in the different pits. Rather than attempt to standardize all of 
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the pits, I chose to take each as excavated. This may spread taxa slightly from their exact 

stratigraphic occurrences and will result in fairly conservative appraisals of faunal changes. 

The matrix recovered in the excavation was washed through nested 2.5 and 1.2 mm 

mesh screen (as suggested by Hibbard, 1949) in order to recover bones, snails, seeds, 

charcoal and any other important remains. With the exception of matrix from the top 25 cm 

of the deposit, the dry matrix was easily reduced by soak washing. Little agitation was 

required to remove finer portions of the sediments. The upper 25 cm was more difficult to 

wash due to the large amount of organic material, guano, charcoal, and vegetation remains. 

Multiple washes and floatation of material was required to reduce material from the upper 25 

cm. 

The concentrate remaining after the matrix was washed was then picked for the 

significant material. Types of material that were found in Hall's Cave concentrate include 

the following: vertebrate remains, snails, pelecypod fragments, insect parts, plant seeds, 

coprolite and pellet fragments , chert flakes, artifacts, and interesting but unidentified 

material. Much of the picking was accomplished by volunteers, most notably Billy Davidson. 

Mr. Davidson has over 20 years experience picking and sorting material from Pleistocene 

and Holocene sites. He picked at least 75% of the material analyzed in this study. 

The material from Hall's Cave was identified by comparison with recent skeletal 

remains and well identified Pleistocene material. Characteristics used for identification are 

largely those discussed in the literature. Because of the large volume of material, I was 

unable to identify all of the material. In fact, only a very small percentage (<1%) of the 

identifiable material recovered has been catalogued. Material was selected for 

identification and cataloguing in order to maximize paleoenvironmental information. For this 

reason soricids, chiropterans, microtines, and geomyids received priority in identification 

(see Taphonomy below) . Details about criteria used for identification and about amounts of 

material identified from the cave are discussed within Systematic Paleontology, below. 

Initial testing for pollen in the Hall's Cave deposits by S. A. Hall (Dept . of Geography, 

University of Texas at Austin) and myself indicated that pollen is present in both the elastic 

sediments and in the outer travertine layers from the Travertine Wedge (See Stratigraphy, 

below) . S. A. Hall subsequently directed collecting a full set of pollen samples at 1 O cm 

intervals down the wall of Composite Pit I. Analysis of these pollen samples by S. A. Hall is 

in progress. 



72 

The concentration of large carnivores and the archeological implications of the 

deposits from the Bear Pit interested M. Collins (1 ). For this reason he made extensive 

excavations in the Bear Pit. Unfortunately, the Bear Pit seems to contain only a shallow 

deposit (approximately 90 cm) with limited stratigraphic resolution. The Bear Pit sediments 

probably were deposited over two (possibly limited} times. One time was within the 

Pleistocene the other in the Holocene (probably late Holocene). For these reasons, the 

Bear Pit provides very little information on paleoenvironments. Therefore, I have not 

expanded excavations of the Bear Pit and later discussions of the Bear Pit are based solely 

on the material excavated by M.B. Collins (1) in 1970. 



STRATIGRAPHY 

Hall's Cave contains a sequence of flat-lying bone-bearing fluvial and colluvial 

sediments deposited over at least the last 15,000 years. These sediments apparently 

washed into the cave through the modern entrance. Deposition has been episodic and 

probably is associated with larger storms that result in sheet or gully erosion. The known 

thickness of these sediments varies from approximately 1.5 m to over 3.7 m. The sediments 

consist mainly of fine-grained materials with cobbles and boulders locally present. The 

sediments are generally moist and coherent. In addition to the washed-in material there is 

abundant biological contribution to the deposit. 

The description and interpretation of the sediments and deposition are based on 

observation during excavation, examination of the exposed profiles, and observation of the 

sediments while wet sieving the matrix for small bone. 

Composite Pit I 

The Hall's Cave deposit revealed in Composite Pit I consists of six major stratigraphic 

units above the bedrock floor of the cave (Figure 14, 15, 16, 17). I have given these major 

stratigraphic units informal numbers and descriptive names. The units are numbered from 

the top of the stratigraphic column. These units are Unit 1 -- Black Unit, Unit 2 -- Dark Brown 

Unit, Unit 3 -- Brown Clay, Unit 4 -- Red Clay, Unit 5 -- Travertine Wedge, and Unit 6 -

Residuum. Unit 4 is divided into an upper part, Unit 4a, and a lower part, Unit 4b. The upper 

four units are present throughout Composite Pit I; the lower units and the bedrock floor of 

the pit are not. The travertine wedge and the Red Clay, although stratigraphically distinct, 

were deposited at least partially contemporaneously. Eleven 14c assays from the 

stratigraphic sequence indicate that deposition of the elastic sediments occurred over at 

least the last 15,000 ACY (Age of Deposits; Table 7 and Figure 23). 
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Figure 14 -- Idealized stratigraphic diagram of the north-eastern face of Hall's Cave 
Composite Pit I ( the NE walls of Pits 1C, 1d, and 1E). The travertine wedge (unit 5) , 
residuum (unit 6), and the Segovia Fm do not occur in the northeastern wall of Pit 1C; they 
have been projected into the wall from the cross-section exposure along the southwestern 
edge of Pit 1C. 
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Figure 15 -- Photograph of the of the northeastern face of Pit 1C . Blue tabs on nails 
indicate the top of the deposit and 1 m intervals. White tabs mark ten centimeter intervals. 
Yellow tabs mark the Unit 2 I 3 boundary and red tabs mark the unit 3 I 4 boundary. The 
green tab marks the residuum (Unit 6) 
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Figure 16 -- Photograph of the of the northeastern face of Pit 1d/E. The blue taps mark 
the 0, 1 and 2 meter mark in the deposit. Note the presence of material above the Olevel. 
This is partially overburden, from removal of material which had washed into Pit I, and from 
removal of the travertine wedge. The material had been piled on this area during the 
excavation. It also indicates that the zero level in Pit 1 (the original Pit which I dug) was 
slightly below the top of the deposit nearer the deposit. The original cave fill surface was at 
an elevation of about 7 cm above the datum at the northeastern edge of Pit 1d/e. 
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Figure 17 -- Photograph of the of the southeastern face of Pit 1 d/E. The blue taps mark 
the 0, 1 and 2 meter mark in the deposit. This photograph shows both the positions and 
relationships of the rockfalls in Unit 4 and the full extent of Unit 4b. 
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UNIT 1 - BLACK UNIT & UNIT 2 - DARK BROWN UNIT 

The upper portion of the Composite Pit I deposits is comprised of two units : a dark 

brown unit and a black capping unit. The color of the dark brown component is 1 OYR 2/2 

(very dark brown). The black unit is 1 OYR 211 (black) in color. These units cannot be easily 

separated during excavation ; they are however, more discernible in the Composite Pit I 

profile. The transition between these units is fairly diffuse and gradational. This may be due 

to the fact that the lower portions of the guano have degraded and are nearer in color to the 

elastic material. The Dark Brown component extends from a depth of between 80 and 100 

cm to about 30 cm. The lower boundary of the Dark Brown component is not flat; a large 20 

cm deep swale is clearly visible in the profile. This swale may be a cultural feature , an animal

made feature or a natural irregularity of the then floor of the cave. The Black Unit (Unit 1) 

comprises the upper 30 cm to 40 cm of the deposit. 

Unit 1 contains abundant guano (bat, bird and goat) , feathers, saprolitic limestone 

cobbles, limestone spall , wood fragments, charcoal , bone and elastic sediments. This unit is 

approximately 30 cm thick in Pits I, 1, 1 A and 1 B; the unit thickens slightly toward the cave 

entrance as the top of the fill increases slightly in elevation. For this reason Unit 1 is almost 

40 cm thick toward the entrance but only about 30 cm thick farther from the entrance. The 

bottom of the Unit remains at about 30 cm depth (Below the defined datum) in the pit. In 

general, Unit 1 is black (10YR 2/1) with a silty to clayey texture. However, several thin layers 

of pebbles occur within the silts. Abundant guano, feather fragments , and recognizable 

vegetation fragments are limited to approximately the upper 1 O cm of the deposit. 

Degraded (recognizable but not abundant) bat guano is present to a depth of approximately 

30 cm. Burnt cobbles occur commonly above about 30 cm but are much less common 

below this level. Based on the color of the sediments, the organic content of the sediment 

decreases with depth. 

In the northeastern portion of Pit 1 E a white ash layer approximately 1 cm thick is 

present in the upper layer at about 20 cm (Figure 16). This is probably the result of an 

aboriginal hearth. 

The guano and feathers are clearly material derived from the activity of the animals 

living in the cave. The other material, including most of the elastic sediments (both fine 
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grained and coarser grained), wood, and vegetation, are interpreted as torrigenic sediments 

(sensu Frank, 1965). These materials were deposited mainly by sheet wash during larger 

rainfall events which transported material through the entrance and down the talus pile . The 

bulk of the elastic material consists of clay and silt, presumably derived from the surface soils 

around the cave. The pebbly layers are interpreted as coarse material washed in during 

particularly large floods. For this reason deposition is thought to be episodic rather than 

continuous. Many of the burnt rocks in the deposit have probably been washed in from the 

burnt rock midden which is present on the up-slope rim of the sinkhole. However, a few are 

the results of in-place burns (see below) . The larger cobbles and spall may be the result of 

down slope movement, human activity, or spall from the ceiling. Of these, ceiling spall is 

apparently least common; few of the pieces have the sharp edges associated with fresh 

eboulis. The saprolitic limestone blocks are associated with fresh and degraded guano; 

they probably result from the chemical action of the guano on the limestone. 

The fine grained sediments are similar in texture and color to the A horizon material of 

the Tarrant and Eckrant series soils which are found in the vicinity of the cave. The modern 

soils have a slightly higher value and chroma ( 1 OYR3/2 moist) than the cave sediments. 

However, that darker color may be the result of added organic material such as guano. The 

sediments are interpreted to have come from soils very similar to those that currently cover 

the area upslope of the sinkhole. 

Two radiocarbon determinations have been performed on material from Unit 1. Guano 

(probably from Tadarida mexicana) from Pit 1d, 5-10 cm had a radiocarbon age of 1,430 ± 

100 RCYBP (Tx-6943, 13c corrected). Charcoal collected from a small in situ hearth at 

approximately 7 cm depth had a radiocarbon age of 430 ± 60 RCYBP (Tx-7191, 13c 

corrected) . In addition to the radiocarbon ages, one diagnostic artifact, a Late Prehistoric 

arrow point, was recovered from the 5-1 Ocm level. For further discussion of the radiocarbon 

and artifact ages see Age of Deposits below. 

The sediments of the Dark Brown Unit (Unit 2) are very similar to the elastic sediments 

of Unit 1. However, much of the identifiable organic material, such as guano, is missing in 

the Dark Brown Unit. The main organic components within Unit 2 are bone, coprolites, and 

charcoal. Both charcoal and bone are quite common and locally abundant. Coprolites tend 

to be uncommon and isolated in the upper two units. The fine sediments are very dark 

brown (1 OYR 212) in color and have a loamy texture. Pebbly layers (some possibly lenses), 
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like those in the upper unit are common within the sediments (Figure 15, 16). Like those of 

Unit 1, the elastic sediments of Unit 2 are interpreted to be torrigenic sediments derived from 

the surface soils and deposited in the cave by episodic sheetwash through the entrance. 

The finer grained materials are interpreted to be derived from the surface soils around the 

cave. These sediments can readily be derived from soils similar to the Tarrant and Eckrant 

soils found around the cave today. Some cobbles are present in the sediments; most are 

associated with small hearths and are probably the result of human activity. 

Two radiocarbon assays were run on material from Unit 2. Charcoal collected from 45

50 cm has a radiocarbon age of 2,490±90 RCYBP (Tx-6097, corrected for 13C). Charcoal 

from a hearth between 55 and 65 cm depth in Pit 1 d has a 14c age of 3, 192 ± 90 RCYBP 

(Tx-6752, not corrected for 13C). These dates are discussed further in Age of Deposits. 

Archeological material is common in the upper two units. This material includes large 

and small chert flakes, chert artifacts, burned bone, burned limestone cobbles, modified 

bone and small hearths. Two bone beads have been recovered from the top 25 cm of the 

deposit. A triangular biface or pre-form was recovered from Pit 1d at 83 cm depth. 

The most common archeological features are small hearths which are scattered 

throughout both the Black Unit (Unit 1) and the Dark Brown Unit (Unit 2). These hearths are 

small lenses of charcoal, sometimes with a small ash component. Figure 18 shows the plan 

and cross-section view of one of the largest of these hearths. They vary in size and 

expression; most are approximately 30 to 40 cm in diameter and less than 5 cm deep. In 

some cases the actual hearths are so ephemeral that they cannot be well defined in shape 

or size and are evident only as a charcoal smear; in other cases such as the hearth in the 

figure they can be reasonably isolated and collected separately. In most cases no evidence 

of stone rings around the hearths or of extensive excavations is present. Most contain no 

burned bone, although some small amounts were recovered in contexts that may be related 

to hearths. These hearths are interpreted as having been produced by small fires set by 

native peoples using the cave for temporary shelter. Each probably represents use for a 

short period, perhaps one or several nights. 

The hearths are interesting for several reasons. They indicate limited human activity in 

the area of the cave sampled by Composite Pit I. The most interesting consequence of the 

hearths for this study is that they contain charcoal in clear stratigraphic contexts that can be 

dated. In Pit 1 d and 1 E most areas that produced large amounts of charcoal were associated 
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with one of these hearths. The charcoal used for radiocarbon determination Tx-6097 

probably is from such a hearth (although it was not identified as such during excavation) . 

Limited human turbation is evident within this unit. In Pit 1d a small pit (diameter 

approximately 15 cm) extends from about 24 cm depth to 33 cm depth. This pit contained 

slightly darker sediment (black) extending into the dark brown sediment. 

As was noted above, the bottom of Unit 2 varies in depth from approximately 100 cm 

below the surface of the deposit in Pits 1, 1 A and eastern Pit 1 B and 1 C to approximately 80 

cm in Pits 1 d, 1 E and southern and western Pits 1 C and I. The boundary between the 

underlying Brown Clay (Unit 3) and the Dark Brown Unit (Unit 2) is fairly sharp in the overall 

profile but more difficult to identify in excavation or in close examination of the profile. The 

variation in the lower boundary of Unit 2 is due to its deposition on the irregular upper 

surface of the Brown Clay (Unit 3). Possible reasons for the irregularity of the top of the 

Brown Clay are discussed below. 

Thin sedimentary packages, generally 1 to 2 cm thick, are visible in the lower portion 

of the Unit 2 and the upper portion of Unit 3. They consist of faint color banding and weak 

grading. Each packet is slightly lighter colored and slightly coarser grained at the bottom, 

and becomes slightly finer and darker toward the top. These packets probably represent 

individual depositional episodes. They are part of the reason that the Unit 2 to Unit 3 

boundary is not distinctive, because the boundary, although slightly more pronounced, 

blends in with them. The presence of these depositional packets, as well as pebble lenses, 

may indicate that much of the deposition occurred due to individual moderately high 

magnitude events, rather than smaller, more frequent storms. 

A small hearth (approximately 30 cm in diameter and 2 cm thick) is present in the 

southwestern wall of Composite Pit I at about the boundary of the Brown Clay and the Dark 

Brown Unit (100 cm level) . This hearth is thought to be associated with the top of the Brown 

Clay. Charcoal from this hearth yielded a radiocarbon determination of 4,850 ± 130 RCYBP 

(Tx-6413, corrected for 13C). This date provides a maximum age estimate for the onset of 

deposition of the Dark Brown Unit (Unit 2) . 

The four radiocarbon dates within the upper two units, combined with the date at the 

Unit 3 I Unit 2 boundary constrain the sedimentation rate. These determinations indicate 

that the average sedimentation rate of the Dark Brown to Black Unit was approximately 

0.022 cm I yr. (232 yrs I 5 cm level) (Figure 23). 
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Figure 18 -- Plan view (A) and cross-section through (B) a fairly well developed hearth 
(Feature 1) at a depth of approximately 50 cm in Pit 1d/E 
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The episodic nature of the deposition means that this rate represents many periods of 

little or no deposition which were interrupted by depositional pulses of varying magnitude. 

The instantaneous sedimentation rates in the cave probably were either close to zero, or 

much higher than the average rate, based on the position of radiocarbon determinations. 

There is no evidence of marked erosion in the stratigraphy, but periods of non-deposition 

probably represent a majority of the last 20,000 years. The sedimentation rates are 

discussed more completely below under Age of Deposits. 

UNIT 3 -- BROWN CLAY 

The top of the Brown Clay (Unit 3) varies in depth from about 80 cm to 100 cm. The 

bottom of the unit is at about 155 cm. A small swale present at the top of the brown clay 

(Figure 15) accounts for the variation in the depth of the top of the brown clay. The swale 

may be the result of human activity (a pit), a large animal, or the result of depositional 

processes. The swale seems to be too shallow and broad to be a pit and it lacks a hearth, 

especially of a size appropriate for the swale. For these reasons a non-human origin seems 

likely. 

The Brown Clay is a dark reddish brown (5YR 3/2) clay loam. This unit is more clay-rich, 

based on field observation, than the overlying units. Like those overlying it, Unit 3, contains 

several pebbly lenses. Better developed pebbly zones occur at about 11 Ocm and 140 cm. 

The pebbly zones generally do not extend all the way across the pit. In addition to the finer 

sediments, cobbles are scattered throughout the unit. Several of the cobbles are 

associated with a fairly well developed hearth (described below) . 

Coprolites are quite common in Unit 3 (Figure 19) . Some coprolites are isolated, but 

groups of single coprolites and coprolitic masses also occur. The preserved scat are 

identifiable based on their shape, texture, bone content and color (7.5 YR 6/6) . Some of 

the coprolites are well calcified and solid; others are poorly lithified and disintegrate when 

collected. Based on size and shape the scat appear to be from a medium sized canid, 

probably Canis latrans or C. familiaris. 

A slight, but important, color change occurs in the bottom 15 cm of Unit 3, where the 

levels from 140-155 cm are slightly darker. This color change is apparent in profile (Figures 
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15, 16, 17), but it is not readily discernible in excavation. The lowest levels of the brown clay 

probably were deposited at a somewhat lower sedimentation rate. Evidence for this 

includes the extremely bone rich sediment (up to 50% small mammal bone by volume) , the 

presence of several dish-like stalagmites, and small travertine-cemented masses in these 

levels. These layers are the most bone rich layers in Hall's Cave. The slightly darker color is 

probably due to higher organic content from the large numbers of owl pellets or coyote 

scats. 

The only evidence for burrowing in the cave sediments comes from the brown clay. In 

Pit 1 d levels 85-90 cm and 90-95 cm two small horizontal stripes of dark material were found 

(Figure 20). These stripes were approximately 20 cm long and 1.5-2.0 cm wide. These 

stripes appear to be burrows of some type of invertebrate (possibly insect). They are filled 

with sediment like that of the overlying Dark Brown Unit. 

Although insect burrows are the only bioturbation in the cave which might move 

material vertically in the deposit, other biological activity probably disturbed the surfaces. 

The presence of large numbers of coprolites indicate that the cave was frequented by dogs 

or coyotes and may have been a den. The activity of these, other animals (bears, rats etc.), 

and people probably caused some turbation on the surface of the deposits during 

depositional hiatuses. This type of activity might be responsible for the irregular boundary 

between Units 2 and 3 (M.B. Collins (2), 1992; personal communication) . 

Archeological remains continue to occur in the Brown Clay. Isolated small chert flakes, 

probably of human origin (M.B. Collins (2), 1991, personal communication), occur 

throughout the unit, and more substantial remains are found in the upper portion of the unit. 

A large, well developed hearth with cobbles was present at a depth of 80-85 cm in Pit 1 E. 

Associated with this hearth in the same square and level were a burnt Odocoileus antler 

artifact and a Uvalde dart point. Another point, a possible Martindale, occurred in Pit 1 Eat a 

depth of 102 cm. Another hearth (dated to 4,850 ± 130 RCYBP, Tx-6413, corrected for 

13C) was located at the top of the unit (at 100 cm depth on the southeastern wall of 

Composite Pit 1). Two other Uvalde points were found in Pit 1 100-105 cm and Pit 1A 105

110 cm. The upper portion of Unit 3 apparently contains a modest Jarrell Interval occupation 

(M .B. Collins (2), 1991; personal communication). 
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Figure 19 -- Photograph of plan view of a portion of Pit 1E. The yellow spots in the 
sediments are the remains of canid coprolites. 
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Figure 20 -- Photograph of plan view of a possible horizontal insect burrow 
encountered in Pit 1 d at a depth of approximately 90 cm. 
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Only two radiocarbon determinations are available for the brown clay. The hearth at 

approximately 100 cm provides a date (4,850 ± 130 RCYBP) on the upper part of the unit. In 

addition, a collection of small scrap bone (mostly rodent) from Pit 1C 140-145 cm was dated. 

The apatite fraction of this bone was found to have an age of 7,320 ± 200 RCYBP (Tx-6537, 

corrected for 13q. A third radiocarbon determination also bears on the age of Unit 3. This 

determination, 7,940±130 RCYBP (Tx-6154, corrected for 13q, was made on carbonate 

cementing the upper portion of the Red Clay (Unit 4). This date provides a maximum age for 

the beginning of the deposition of Unit 3. 

Archeological remains provide a second means of dating the Brown Clay. The three 

Uvalde points and the one Martindale point noted above are Early Archaic points that have 

been used to characterize the Jarrell Interval in the central Texas archeological chronology. 

This interval is believed to date from circa 5300 yrs BP to 4440 yrs BP (uncalibrated, see 

discussion in Age of Deposits below) (Prewitt, 1981 ; Collins, eta/., 1991). 

As in the upper units, the majority of the sediment of Unit 3 is thought to be torrigenic 

material deposited in the cave by sheetwash through the modern entrance. Exceptions to 

this include some of the cobbles and charcoal (human input) , and the coprolites and most of 

the bone (deposited by animals). The source of the Brown Clay is interpreted to be surface 

sediments near the cave entrance. The change in color and texture of the sediment is 

probably an indication of the fact that the soils from which they were derived were quite 

different from the later one which were the source of Units 1 and 2. Modern Kerr County 

soils that could be similar to the Unit 3 sediment source on the basis of texture and color 

include the A horizon of the Comfort, Roughcreek, Spires, or Tarpley Series, and the B 

horizon of the Comfort, Depalt, and Doss Series. However, based on faunal evidence 

discussed below, only the Depalt, Doss and Spires would be possible analogs for the Unit 3 

time surface soils. 

The average rate of deposition of Brown Clay, based on the determinations at the top 

(Tx-6413), within (Tx-6537) and bottom (Tx-6154) of the Brown Clay, is approximately .018 

cm I yr. (283 yr. I 5 cm). The coefficient of determination (r2) for this regression is .999. An 

alternative is that the sedimentation rates for Units 1, 2, and 3 are the same. In this 

alternative the regression indicates a sedimentation rate of .022 cm I yr. (229 yr. I 5 cm) with 

a coefficient of determination of .948. This single deposition rate alternative is depicted in 

the discussion of the age of the deposits below (Figure 23). Because the two 



88 

sedimentation rates are so similar, the difference between these alternatives, in terms of the 

timing of events, is negligible . 

UNIT 4 -- RED CLAY 

Unit 4 is the thickest and most important stratigraphic unit in Composite Pit I on a 

volumetric basis. The top of the unit is at a depth of between 150 and 155 cm. The depth of 

the bottom varies from approximately 160 cm to over 370 cm. This unit comprises all of the 

sediment which has red clay as a significant fine grained component. This red clay 

component is a sticky clay which varies from red (2.5 YR. 4/6) to dusky red (10 R 3/3). In the 

upper portion of the unit (subunit 4a) the red clay is dominant in the <2mm component. The 

lower portion of the unit (subunit 4b) consists of approximately equal portions of red clay 

and fine sand (field analysis). In addition, the lower portions of the unit contains abundant 

gravel and cobbles. 

Although the Red Clay extends across almost all of Composite Pit I , its thickness is 

highly variable. It is absent only in a small area of Pits 1 and 1A where the travertine wedge 

extends upward to a depth of approximately 150 cm. The thickness of the Red Clay varies 

from zero or few centimeters over the travertine wedge in Pits 1 and 1 A to at least 220 cm in 

Pit 1d. 

The boundary between Unit 4 and Unit 3 is distinct and sharp. Portions of the upper 

3 to 5 cm of Unit 4 are lightly to moderately cemented with carbonate throughout much of 

Pits 1, 1 A, 1B, 1 C and small areas in Pit 1 d . This carbonate manifest itself mainly as 

cementation of the clay sediment ; however, some speleothem development also occurs. 

The speleothems are generally small and probably represent localized drip buildups. They 

usually contain sediment and bone, and are best developed at the depth of the Red Clay to 

Brown Clay boundary, although many extend up into the lower portions of the Brown Clay. 

Both the cementation and the speleothems appear to represent carbonate deposition in a 

time of continued elastic deposition, albeit possibly at a slower rate . In most of Pit 1 d and 1 E 

the top of the Red Clay is not cemented. In spite of this the boundary is fairly distinct . The 

carbonate cement at the top of the red clay in Pit 1C has an age of 7,940±130 RCYBP (Tx

6154, corrected for 13c). This provides a maximum age for the end of Red Clay deposition 

and minimum age for the beginning of Brown Clay deposition. 
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The sharp boundary at the top of the Red Clay suggests that it represents a 

depositional hiatus. The cementation at the top also would support this interpretation. 

However, there is little other evidence of slowed deposition. The bones are not particularly 

concentrated in the red clay at the boundary; in fact, the bones are extremely concentrated 

in several levels in the brown clay near the boundary. In addition, the concentration of small 

carbonate cemented masses is higher in the bottom of the Brown Clay than in the upper 

Red Clay. For these reasons, the boundary is not interpreted to represent a significant 

depositional hiatus. However, if there is a significant gap in the Hall's Cave record, it is 

probably at this boundary. Continued sedimentary and radiocarbon analysis will be needed 

to determine the amount of time represented by the hiatus. 

The upper 45-50 cm of the Red Clay (Unit 4a) has a very high percentage (probably 

>70) of clay. The sediments in this subunit exhibit a moderate angular blocky structure, 

varying from very fine angular blocky (blocks approximately 1-3 mm on a side) at 

approximately 160 cm to medium angular blocky (blocks between 1 oand 20 mm on a side) 

at a depth of about 200 cm. The class (size) and grade (distinctness) of the blocks increases 

steadily with depth in Unit 4a. 

Unit 4a contains relatively few isolated pebbles or cobbles; however, in Pit 1 d/E a 

mass of cobbles was present in the bottom half of the unit and a pebble lens (layer) occurs 

just below about 190 cm in Pit 1C. The cobble mass in Pit 1d/E is discussed further below. 

The unit does contain several travertine stringers; the most notable are at 170 cm and 190 

cm (Figure 15). These stringers are fairly clean travertine and are less than 1 cm thick. 

Although the stringers presumably were deposited as a single unit, they have been broken 

into chips, possibly by overburden pressure. Pieces of the travertine stringer at 

approximately 190 cm yielded a radiocarbon determination of 12,470±160 RCYBP (Tx

6096, corrected for 13C). 

Between approximately 175 cm and 190 cm a large limestone cobble lens was found 

in the north-eastern and eastern portion of Pit 1 d/E (Figure 21 ). The cobbles ranged up to 

about 1 O and 20 cm in maximum dimension. About 90% of the cobbles were sub-angular to 

sub-round and appear to have been either transported or weathered. These comprise 

about 90 % of the recovered cobbles. Perhaps 5% of these have travertine on them 

indicating pedogenic or cave origin. Angular cobbles , with no evidence of rounding, were 

the next most common type. These have clean breaks and some have ceiling type 
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travertine on them that was in place before breakage. These blocks apparently represent 

ceiling spall that has not been transported and that was probably buried fairly rapidly. One 

cobble had a pink/orange carbonate crust that suggests carbonate coatings of a pedogenic 

origin. One cobble showed evidence of frost cracking (Collins (2), 1991, personal 

communication). None of the cobbles is composed of or contains chert. 

The cobble lens was tongue shaped and had a variable fabric. In places it was matrix 

supported, in others it may have been clast supported. We (M. B. Collins (2) and R.S. 

Toomey) were not able to detect any bedding, imbrication, preferential orientation, or 

sorting in the cobble lens. This cobble lens is interpreted to represent a lobe or toe of the 

entrance talus cone which extended far enough from the entrance to appear in Pit 1 d/E. 

The lens is fundamentally different, in terms of clast size, concentration and abundance, 

from coarse material appearing higher in the section. The cobble sized material above this 

lens (in Units 1, 2, 3, and upper 4a) was isolated cobbles and lenses were composed of only 

pebble sized material. 

The origin of this cobble tongue is intriguing. M.B. Collins (2) (1992; personal 

communication) has suggested that a major breakdown event at the cave entrance could 

have produced the wide variety of material found in the tongue. If this breakdown material 

was transported down the talus pile shortly after the breakdown event a tongue like the one 

observed could have resulted . 

In level 205-210 cm the <2 mm fraction becomes coarser due to a large increase in the 

sand size fraction. The matrix fraction changes from predominantly clay to a mixture of 

approximately 55% clay, 40% sand, and 5% silt (field determination by volume). The sand 

sized particles are white, subround, carbonate grains. There are also subround, silica grains 

but they are much less common in the Unit 4b sediments than are carbonate grains. This 

sand makes the overall matrix color appear more brown I yellow: 5 YR. 5/6 at a depth of 21 O 

cm to 7.5 YR. 4/4 below 285 cm. The color of the clay component, however, remains the 

same as in the upper portion of 4a. In addition to the change in the texture of the <2mm 

fraction, the overall texture changes. The material becomes extremely pebbly I cobbly with 

abundant pebbles and cobbles up to about 8 cm diameter. Although the initial change in 

texture marks the top of subunit 4b, all of the trends continue to develop to a depth of about 

280 cm. Below this depth texture, color, and friability change little. 
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Figure 21 -- Oblique view of the eastern corner of Pit 1d/E at level of approximately 
190 cm depth showing the top of a cobbly deposit. This cobbly lens is interpreted to be a 
tongue of the talus cone which prograded over a portion of the Pit 1d/E area of the cave. 
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The change in texture, which occurs at approximately 205 cm initially, becomes 

pronounced below 235 cm and even more pronounced below 280 cm. The increase in 

coarser material, particularly the increase in sand at the expense of clay, results in a triable 

consistency. The matrix is very easy to trowel and does not retain a profile as well as the 

overlying materials. The exposed thickness of Unit 4b varies from non-existent over 

portions of the travertine wedge in Pits 1 , 1 A, and 1 C to 1.7 m in Pit 1 d. 

Although Unit 4b has an overall texture that can be described as a gravelly, sandy clay 

or in some places a cobbly, sandy clay, this description masks important smaller scale 

variations. This variation is areally and stratigraphically patchy. Limited areas of thin (2 cm) 

lenses of clay rich matrix with few cobbles occur, as do pebbly lenses and areas with more 

cobbles. These probably are the result of small scale variation in slopewash and colluvial 

deposition. They have not been examined in detail and are not interpreted as having 

specific environmental significances. 

The pebbly and cobbly traction of Unit 4b consists mainly of subangular to subround 

limestone fragments which appear to have been transported either down the talus slope or 

within the cave. One class of cobbles is, however, clearly derived from within the cave ; spall 

blocks of cave coral up to 20 cm in diameter occur as cobbles in the sediment. Some of the 

pieces have hollow, stalactite cores indicating a ceiling origin tor the coral. Most of the cave 

coral cobbles are concentrated into a single layer; however, this layer lies at different levels 

in two different areas of the pit. In Pit 1 C the cave coral cobbles are concentrated at a depth 

of approximately 230 cm; in Pit 1d, on the other hand, the cave coral cobble level occurs at a 

depth of approximately 365 cm. 

Two straightforward alternative explanations will account for this difference in depth of 

the cave coral concentration in the different portions of the pit. The cave coral layer may 

represent a single spalling event and would represent a time horizon. The other possible 

explanation is that different areas of the ceil ing spalled at different times. In this case the 

specific depth at which the cave coral occurs would not have temporal significance. The 

second explanation seems more likely in view of the Hall's Cave stratigraphy. All of the other 

stratigraphic indications, such as pebbly layers and unit boundaries, support the idea that 

the beds correlate horizontally. No other evidence suggests the steeply dipping beds that 

would be required to correlate the cave coral level between Pit 1C and Pit 1d. 
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In addition to cobble sized cave coral and Segovia limestone spall , several rockfalls 

comprised of larger spall blocks occur within the Red Clay. The spall blocks were angular 

slabs of limestone with masses up to approximately 100 kg. The largest rockfall occurs in 

much of the pit at a depth of between approximately 190 and 225 cm. Rocks associated 

with this fall occurred in the northeastern, southeastern and southwestern portion of Pit 

1 d/E and in the northeastern and southeastern portions of Pits I, 1B, and 1 C. A second 

less extensively exposed rockfall occurs at a depth of about 250 cm. This fall is primarily 

exposed in the southwestern portion of Pit 1 d. 

The presence of ceiling spall, including small blocks, large blocks, and cave coral, is 

not interpreted as representing particular paleoenvironmental conditions. Even during full 

glacial conditions, environmental conditions probably were not severe enough to result in 

frost wedging as deep in the cave as Composite Pit I. If the falls had been found in the 

entrance area, cryoclastism would be a reasonable possibility. However, the large blocks 

show no evidence of transport from the entrance area. 

It is possible that the increase in pebbles and cobbles in Unit 4b could be the result of 

increased frost wedging producing eboulis at the entrance and subsequent colluvial activity 

transporting the clasts down the talus slope to the area of Composite Pit I. However, other 

explanations involving the shape of the talus pile would also account for the change in clast 

size . One possibility is that the coarser grained sediments represent a toe of the talus 

wedge. The development of the rockfall at 190 cm might have created a damming effect 

and lead to build-up of the deposit in the area entranceward of the fall. This would reduce 

the gradient on the talus pile, perhaps leading to a reduced transport of cobble sized 

material in the area of Composite Pit I. I favor the second explanation. 

Chert flakes interpreted to be of human manufacture (Collins (2), 1991, personal 

communication) are present in part of the Unit 4 deposits. These chert flakes have been 

identified down to a level of approximately 205 cm depth and are the only archeological 

material in the unit.. No chert flakes (human manufacture or not) have been recovered 

below this depth. They are, however, consistently present in the deposit above 205 cm. 

The lower boundary of the red clay varies within Composite Pit I because the original 

surface over which it was deposited had significant relief. The surface was lower toward the 

central axis of the cave ; the depth to which it extends nearest the axis is not known, 

because excavation has not reached the bottom of Unit 4 in Pit 1d. However, this unit is 
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known to extend to a depth of at least 370 cm in Pit 1d. In the northeastern portion of Pit 1 C 

it extends to a depth of 270 cm where it overlies a portion of the travertine wedge. In other 

places where it overlies the travertine wedge the bottom of the Red Clay has a depth of only 

160 cm, or the unit is not present at all. 

Like the material in the overlying units, much of the Unit 4 sediment is interpreted to 

be torrigenic in origin and was transported through the entrance by colluvial processes or 

slopewash. However, a larger portion of the material in Unit 4 is tardigenic than in the upper 

3 units. Tardigenic material includes the spalled material which has not been transported 

(Frank, 1965). The red clay, carbonate and non-carbonate sand, and the limestone cobbles 

are all torrigenic components. The cobbles are interpreted as representing material formed 

near the entrance of the cave and then washed into the cave. 

The red clay and the sand are both probably the products of erosion of the soils 

upslope of the cave. In order to be the source of Unit 4, the soils must have been very 

different from both the later soils including modern ones. The large amount of clay in the 

sediments suggests that an horizon undergoing illuviation of clay (possibly a Bt) would be 

the most likely source. Three of the modern soils in Kerr County have Bt horizons of that are 

of similar color to the red clay: Roughcreek, Spires, and Tarpley. However, it is not likely that 

any of these soils are particularly similar to those that produced the Red Clay. Based on 

faunal evidence discussed below all three are probably too shallow, too stony, too dry, and 

not sandy enough to produce the sediments. In addition, they do not occur on the 

landscape in the areas which indicate they would be remnant soils. They may instead 

represent soils formed in colluvial sediments somewhat like those in the cave. 

The deposition of Unit 4 can be summarized as follows. Colluvial deposition of the 

cobbly, sandy clay occurred along the long axis of the cave from the modern entrance of the 

cave until deposits had reached the level of the modern depth of 270 cm in Composite Pit I. 

At this level deposition continued near the long axis of the cave, and Unit 4 sediments also 

began to cover a flowstone mass extending toward the cave axis from the direction of the 

wall of the cave. When the sediments had reached a level of approximately 220 cm an 

important spalling event occurred. This left a number of limestone slabs in the area that is 

now Composite Pit I. Continued colluvial I slopewash deposition occurred on the 

entranceward side of the rockfall. As the rocks were buried the gradient on the talus cone 

decreased. This led to a change in the texture of material being deposited. The sediment 
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being deposited change to clay with very little sand or silt and fewer large clasts. This 

occurred when sediments had reached the modern level of between 200 and 205 cm 

depth. The burial of the flowstone mass {the Travertine Wedge described below) continued 

during this time nearer to the walls of the cave. The deposition of clay-rich sediments was 

interrupted in a portion of the pit {Pit 1d/E) as a cobbly tongue of the talus cone was 

deposited. Folllowing the deposition of this talus cone tongue, deposition of clayey 

sediment resumed and continued until the level of about 160 cm. At this point the travertine 

wedge was only exposed in small areas of Pits 1, 1A and 1C. While deposition continued, 

carbonate began to be deposited cementing the top of the red clay in places. The cement 

may indicate slowed clay deposition or may be the result of increased dripping in the cave. 

At approximately 155 cm deposition of the red clay ceased and the brown clay of Unit 3 

began to be deposited. At this point only a small portion of the Travertine wedge remained 

unburied in Pits 1, 1Band 1 C. 

Three radiocarbon determinations have been made on material related to Unit 4 

deposition. Two have already been mentioned: 7,940±130 RCYBP {Tx-6154) on the 

carbonate cement at the top of the red clay in Pit 1C and 12,470±160 RCYBP {Tx- 6096) 

on a travertine stringer in the 190-195 cm level. A third determination of 15, 130 ± 170 

RCYBP {Tx-7430) comes from scrap bone apatite at a depth of 230-235 cm. 

These three ages yield an estimate of depositional of .010 cm I yr. {491 yrs. I 5cm) for 

Unit 4 {Figure 23). This estimate is a simple regression of the three ages and depths. This 

regression has a coefficient of determination {r2) of 0.981 . The changing texture within 

Unit 4 makes this estimate less reliable for depths below 235 cm. The estimate has been 

applied to subunit 4a and subunit 4b above 280 cm; below this depth the overall coarse 

texture and stoniness render the estimate unusable. The texture change is so profound 

that sedimentation rate must have been affected. 

UNIT 5 -- TRAVERTINE WEDGE 

The travertine wedge is a large, coherent mass of travertine flowstone which extends 

across the eastern section of Composite Pit I, including all of Pits 1, 1A, 1B, and 1 C, and 

most if not all of Pit I. The travertine wedge was not found to extend into Pit 1 d. Its 

presence in Pit 1 E has not been established; excavation in Pit 1 E ended at a depth of 240 
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cm; this is above the depth at which the wedge would be expected to occur. The top of the 

travertine wedge dips to the southeast away from the near cave wall. The topography of the 

top of the is due both to the irregularity of the underlying bedrock floor and residuum and to 

the thinning of the travertine wedge to the southeast. Thickness of the wedge varies from 

approximately 50 cm to 5 cm. 

Two travertines are visible in the southwestern wall of Composite Pit I. By tracing the 

travertine wedge, red clay and residuum around the southern corner of the pit, one can see 

that the lower travertine unit in the southwestern wall is the same unit as the travertine 

wedge. The upper travertine unit apparently was deposited while upper portions of the red 

clay were being deposited in the rest of the pit. The deposition of the stalagmite in the 

western corner of Composite Pit I may be associated with the end of deposition of this 

upper travertine unit. 

The travertine wedge formed under vadose conditions after the water table dropped 

below the level of the cave. The date of initiation of formation is unknown. A sample of 

travertine from the outside edge of the wedge at approximately the middle of the wedge 

(depth about 180 cm) was radiocarbon dated. The determination of 13,050 ± 140 RCYBP 

(Tx-6137) indicates that the wedge was forming at this time. 

The end of travertine deposition probably was time transgressive. In at least the lower 

hatt of the wedge , travertine deposition stopped as sediment buried the wedge. This is 

indicated by the large amount of sediment in the outer travertine layers in the lower portion. 

This contrasts with the upper half of the wedge, including the portion dated, which has an 

outer surface that is clean and well defined. This indicates that travertine had ceased being 

deposited before sediment was deposited on the wedge. Thus, the radiocarbon 

determination on the wedge is older than the sediment from the same level. 

The relative timing of the onset of Travertine Wedge deposition and the beginning of 

Unit 4 deposition cannot be determined. Both were being deposited for at least part of the 

late Pleistocene. Evidence for this includes the radiocarbon determinations and the 

incorporation of sediment in the outer layers of part of the wedge . As sediment reached the 

area of the wedge and accumulated, it overwhelmed travertine deposition which resulted in 

the cessation of deposition on the lower part of the wedge. 

The thickest portion of the wedge is topographically higher than the thin areas. The 

flow of water which deposited the travertine would have proceeded from higher area to 
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lower. Much of the carbonate may have left solution before reaching the more distal 

portions of the wedge. In addition, sediment filled in the topographic valleys first ending 

travertine deposition in these areas, while the travertine on the high spots continued 

accumulating. On the upper portion of the wedge travertine deposition ceased due to 

changes in water flow path or environmental conditions. Water may have continued to flow 

and deposit travertine; however, the deposition may have occurred elsewhere in the cave. 

Alternatively, drying conditions may have led to reduced travertine deposition. Interestingly, 

the date of 13,050 ± 140 RCY8P on the outer travertine at 180 cm corresponds to drying 

conditions as indicated by faunal evidence (discussed below) . 

Abundant pollen is present in the outer layers of the wedge. This pollen is under 

study by Dr. S. A. Hall, Univ. of Texas at Austin. 

UNIT 6 - RESIDUUM 

The "Residuum" is an approximately 15 cm thick layer of poorly consolidated, weakly 

cemented and uncemented, sandy sediment, composed mainly of quartz sand and box

work dolomite rhombs. It is exposed in the northwestern wall of Pits 1 and 1 A, in the 

travertine wedge section along the northeastern edge of Pits 1 A and 18, and in portions of 

the floor of Pits I, 1, 1A, and 18. Excavation in Pit 1 C, 1 d and 1 E did not penetrate this unit. 

The unit parallels the exposed bedrock floor and varies somewhat in thickness in response 

to original surface irregularities. 

This unit is the insoluble residue remaining when the calcite of the Segovia Member 

dissolved forming Hall's Cave. Only about 2-3 percent insoluble material would be required 

to deposit a residuum layer the thickness found in the cave (assuming no transport). This 

percentage is in the ranges found for the Edwards limestones by Rodda and others (1966). 

The presence of this unit indicates that the Segovia limestone below is bedrock rather than 

a large block spalled from the cave roof. A spall block could only fall after the cave had 

formed and so a spall block would lie on top of the residuum rather than below it. The fact 

that the residuum has not been encounter in Pit 1 d indicates that the bottom of the deposits 

has not been reached. 
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The Residuum is largely unconsolidated, but it is cemented in some small areas. 

This cementation is probably due to carbonate precipitation which occurred during the 

deposition of the overlying Travertine Wedge. 

BEDROCK 

The lowest unit exposed in Composite Pit I is the cave floor which is composed of 

limestone of the lower portion of the Segovia Member of the Edwards Limestone. The 

lower portion of the Segovia Member is a "light-yellowish-gray miliolid limestone and marl and 

marly limestone" (Barnes and Rose, 1982, p. 4). The floor of the cave is irregular in the pit 

and is only exposed in the western portion of Composite Pit I (portions of Pits 1, 1 A, and 

1B). The depth to the exposed bedrock from the present surface of the fill varies from 

approximately 2 m along the northwestern wall of the Pits 1 and 1A to 2.7 min the middle of 

Pits I and 1 B. In the eastern portion of Pits I, 1B, and 1 C the Segovia is not exposed even 

at 2.7 m. It is also not exposed in Pit 1d, although the known depth of sediment in that pit 

exceeds 3.7 m. This indicates that the bedrock floor of the cave decreases in elevation by 

over one meter in the approximately 1.5 m from the center of Pit 1 B to the center of Pit 1 d. 

The geometry of the floor surface between the sections has not been determined. 

Excavation of Pit 1 E was suspended at a depth of 2.4 m; until excavation is resumed it will 

not be possible to determine the topography. 

COMPARISON WITH OTHER SITES 

Bering Sinkhole ( 41 KR241) has sedimentary deposits that are closely comparable to those 

of Hall's Cave. It is located in western Kerr County approximately 16 km NNW of Hall's Cave. 

Like Hall's Cave the deposit consists of four elastic units. The finer grained fractions of the 

upper three units are much like those described above (Bement, 1991). At Bering 

Sinkhole Unit I is a black clay loam, Unit II is a dark brown clay loam, and Unit Ill is a reddish 

brown clay (Bement, 1991). The bottom unit (Unit IV) differs from Unit 4 from Hall's Cave. It 

is composed of tan flowstone and limestone spall . The presence of the flowstone makes 

comparison impossible. The timing of the sedimentological changes also generally matches 

those at Hall's Cave (Figure 22). The striking agreement between the Hall's Cave and Bering 
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Sinkhole stratigraphies suggests that the soil changes manifest in the deposit represent 

something more than just local changes within small catchments. Perhaps the soil changes 

were occurring on a sub-regional or regional scale. Some differences in timing should be 

expected based on local edaphic conditions; however, the general trajectory of change may 

have been similar on much of the central Edwards Plateau. 

Many of the caves in central Texas have red clays associated with Pleistocene faunas ; 

these include Longhorn Caverns (Semken, 1961), Friesenhahn Cave (Graham, 1976) and 

Cave-Without-A-Name. Similar red clay sediments also are present in caves lacking bones 

and in filled caves in various quarries and highway cuts. Several such filled caves are 

present in IH-1 O roadcuts in Kerr County. Their ubiquitous nature in eastern Edwards 

Plateau sites led to several speculations concerning these red clay cave sediments. 
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Figure 22 -- Temporal and stratigraphic data on the Bering Sinkhole deposits (data from 
Bement , 1991). The sedimentation rate curve is based only on the radiocarbon 
determinations. The interpretation shown here differs slightly from that of Bement ( 1991). 
These differences are related to his use of calibrated radiocarbon ages and the fact that he 
modeled sedimentation rates using several linear regression estimates . 
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The first speculation concerns the widespread nature and source of the red clay 

sediments. As discussed above I have interpreted the sediments as having been derived 

from a deep well developed soil. The ubiquitous occurrence of the sediments suggests that 

these soils were widespread on the eastern half of the Edwards Plateau. Interestingly, 

examination of the soil surveys of the counties of the Edwards Plateau shows that modern 

soils on limestones which have red horizons (2.SYR. or redder) occur only to the east of 

eastern Edwards and Real Counties. 

The second speculation is that the red clay may indicate Pleistocene deposits in 

central Texas caves. The radiocarbon date from the top of the Hall's Cave Unit 4 

demonstrates that the red clay can extend into the early Holocene. In the case of Hall's Cave 

the Pleistocene-Holocene boundary is approximately twenty centimeters below the top of 

the red clay. The termination of deposition of red clay in caves on the Edwards Plateau 

appears to be time transgressive. 

The cessation of deposition of the red clay in caves on the Edwards Plateau may 

appear time transgressive for at least three reasons. First, the cessation may be 

synchronous across Edwards Plateau, but may appear transgressive because all of the 

caves do not have deposits of the appropriate age. Second, the cessation may be time 

transgressive because the formation of an appropriate soil from which to derive the 

sediments ended asynchronously across the Edwards. Third, the cessation of deposition 

may be time transgressive because reserves of soil that produced red sediment were 

exhausted at different times at different places on the Edwards Plateau. The first option is 

not consistent with other information about paleoenvironments of the Edwards Plateau. 

Several animals (e.g. Blarina sp. and Sea/opus aquaticus) appear to retreat east across the 

plateau during the latest Pleistocene and Early Holocene. This suggests other changes in 

conditions were not synchronous across the plateau. The second option is not likely to be 

the main reason for the timing difference. because the soils from which the red clay is 

derived would require long period of time to develop given the likely environmental 

conditions and Edwards limestone parent material. If the soils took tens of thousands of 

years or more to form, one or two thousand year differences in the timing of cessation would 

be unlikely to make a significant difference in the cessation of deposition in caves. The third 

option is probably the one that best explains the time transgressive cessation of deposition 

of red sediments in caves on the Edwards Plateau. 
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Bear Pit 

The Bear Pit is an interesting area toward the back of the cave (Figure 9). It is a 

deposit of rocks and black dirt and a white grit deposit which contains vertebrate remains, 

including several large carnivores (Table 12). The large carnivore remains from the Bear Pit 

are unique for Hall's Cave. The carnivore remains consist of multiple large, and in some 

cases articulated, bones from single individuals ; the bones from Composite Pit I are only 

single isolated pieces. A Canis lupus foot and several lumbar vertebrae of a Fe/is concolor 

were found in articulation. In addition to the vertebrate remains are several types of 

archeological artifacts. Stone artifacts, including several points, and a complete valve of a 

unionid clam were found in the pit. 

The Bear Pit stratigraphy (based on excavation notes of M.B. Collins (1), 1970) is 

composed of two units: the Black Dirt and the White Unit . The Black Dirt is a layer of Black to 

Brown sediments with an estimated 60% rock. Bone is abundant in this unit. Underlying the 

Black Dirt is the White Unit, consisting of light colored (buff to white) sandy material. The 

upper 1 Ocm of this unit has abundant rock and gravel. Below 1 Ocm the unit is mainly white 

grit. 

Most of the bone from the Bear Pit is from the Black Dirt. This includes all remains from 

large carnivores. The fauna from the White Unit is harder to evaluate; most of material 

Collins ( 1) collected from the White Unit is from what he designated the Mixed White Surface 

Debris (MWSD). The MWSD is material from the White Unit which had been dug up by pot 

hunters and thrown up onto the Black Dirt. For this reason, the material from the White Unit 

may be of mixed age. 

One in situ find within the White Unit is especially significant. Collins (1) found an 

ungual phalanx of Equus sp. at a depth of about 22 cm below the top of the White Unit. An 

Equus upper molar also was recovered in the MWSD. These finds may indicate a late 

Pleistocene age for the White Unit. Two lines of evidence support this interpretation. The 

presence of Eptesicus fuscus within the MWSD is consistent with a late Pleistocene age 

(see discussions of E. fuscus in Systematic Paleontology below). In addition, the fact that 

the overlying Black dirt is older than Historic age (based on the presence of the Blarina and 

diagnostic artifacts) supports the interpretation that the White Unit is not historic in age. 
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One of the artifacts from the Black Dirt of the Bear Pit is a Frio point (identified by T. R. 

Hester, Texas Archeological Research Laboratory) . This point is apparently from a depth of 

2.5 cm below the surface of the Black Dirt. Frio point date from approximately 1800 yrs. BP 

to 1420 yrs. BP (Prewitt, 1985; see Age of Deposits below). This provides an approximate 

terminal date for Bear Pit sedimentation. 

In summary, the Bear Pit contains two units one which is definitely partially Late 

Pleistocene and the other of which is probably Late Holocene. It is tempting to correlate the 

Bear Pit Black Dirt to the Dark Brown to Unit 1 & 2 from Composite Pit I. The White Unit 

appears to be similar in texture and color to the Residuum from Composite Pit I. Perhaps 

the White unit consists of reworked Residuum. If this correlation is correct, the Red Clay 

and Brown Clay are missing from the Bear Pit. However, the reworking of the residuum may 

have been contemporaneous with the deposition of at least the Red Clay. 



AGE OF DEPOSITS 

The age of the deposits of Hall's Cave and the timing of archeological utilization of 

the immediate area is constrained both by radiocarbon determinations and by the 

stratigraphic placement of diagnostic archeological artifacts. The temporal information 

provided by each kind of evidence is discussed below and the information on the timing of 

deposition is summarized in Figure 23. 

Radiocarbon Determinations 

Eleven 14c determinations on material from Hall's Cave were run at the University of 

Texas Radiocarbon Laboratory by S. Valastro (Table 7, Figure 23). Three analyses were 

run on travertine, one on carbonate cement, two on bone apatite , four on charcoal, and two 

on guano. The assays are discussed individually below in stratigraphic order. Radiocarbon 

analyses of all materials have problems associated with them; this is especially true of 

travertine, carbonate cement, and bone apatite. However, because the determinations are 

internally consistent and consistent with other information such as diagnostic artifacts, I 

have used them as an indication of timing of deposition and fauna! events at Hall's Cave. 

Dating of material from Hall's Cave is continuing, including some TAMS dating. Future 

dates probably will refine, and may modify the chronology. These chronological changes 

will not modify the nature of the faunal changes but will allow better characterization of their 

timing. 

The uppermost radiocarbon determination on Hall's Cave sediments is Tx-7053 on 

fresh Tadarida brasiliensis mexicana guano from the surface of the fill approximately 3 m 

southeast of the eastern corner of Pit 1 d. It was collected during the spring of 1990 and is 

catalogued as TMM 41229-10880. The determination was ultramodern with a a14c of 

162.0 ± 5.3 %0 (16.2±.53% above NBS oxalic acid). The sample had a a13c of -25.3%0. 

Bat guano from Pit 1 d at 5-1 O cm provided a determination of 1460 ± 100 RCYBP 

(Tx-6943). The guano was picked from a dried sediment sample (TMM 41229-9900) by S. 

Valastro and was probably from Tadarida brasiliensis mexicana . The a13c of the guano was 

-26. 7%o resulting in a a13c corrected determination of 1430 ± 100 RCYBP. 
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Laboratory Determination (± 1(j) Determination (± 1cr) 

Number uncorrected a13c corrected 
Tx -7430 15,130 ± 170 15,420 ± 170 
Tx-6137 11 ,850 ± 120 13,050 ± 140 
Tx-6096 11 ,770 ± 150 12,470 ± 160 
Tx -6154 7, 190 ± 120 7,940 ± 130 
Tx-6537 7,040 ± 210 7,320 ± 200 
Tx -6413 4,850 ± 130 not corrected 
Tx-6752 3,190 ± 90 3,190 ± 90 
Tx-6097 2,490 ± 90 not corrected 
Tx-6943 1,460 ± 100 1,430 ± 100 
Tx-7191 420 ± 60 430 ± 60 
Tx-7053 ultramodern none 

Table 7 -- Radiocarbon determinations from Hall's Cave. 
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from Pit 1 of Hall's Cave. Diagnostic artifact ages follow Prewitt (1985) as discussed below. 

A determination of 420 ± 60 RCYBP (Tx-7191) was obtained on a sample of charcoal 

(TMM 41229-10548) collected in place from a small hearth from was from Pit 1 d at a depth 

of 7 cm. This hearth was approximately 2 cm thick and probably represents either a single 
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use fire or multiple uses over a short period. The charcoal had a ()13c of -24.0%0 resulting 

in a determination corrected for a13c of 430 ± 60 RCYBP. 

The two determinations just described are slightly problematical; both are nominally 

from the same level but the determinations do not overlap, even at 2o. There are several 

possible explanations for this disagreement. The hearth dated to 430 ± 60 RCYBP (Tx

7191) was best expressed at a depth of 7 cm; however, these hearths occasionally show 

slight relief. If the recovered portion of the hearth was part of a small scraped out fireplace 

originating from perhaps the 4 cm depth surface, this would produce an anomolously 

young date at the 7 cm level. In addition, the guano sample dated 1430 ± 100 RCYBP (Tx

6943) was taken from one of approximately 5 bags of sediment from the 5-1 ocm level. 

These bags are not random samples of the complete level and may have contained mainly 

material from the bottom of the level. If the linear sedimentation rate for the upper levels 

holds for the 5-10 cm level, the level should have formed in approximately 250 years. 

Thus, differences in position within the level could explain part but not all of the difference 

in the dates. A second possibility is that both dates are correct. If so, sedimentation rate 

must have been lower than the overall projected linear rate during this interval. A third 

alternative is that one or both of the dates may be slightly off. If this is the case, artifact 

evidence discussed below suggest that the younger determination (Tx-7191) is a better 

indication of the age of the level. 

Charcoal from Pit 1 at a depth of 45-50 cm provides a determination of 2490 ±90 

RCYBP (Tx-6097). This charcoal (TMM 41229-1119) was material picked from screen 

washed concentrate. It was collected during the first field season. It is not known for certain 

whether this material was detrital or associated with a small hearth. During this season, the 

presence of the small hearths was not noted; however, subsequent excavations have 

indicated that most of the larger concentrations of charcoal are from small hearths. For this 

reason it seems likely that this charcoal sample was from one of these hearths. No ()13c 

measurement was run on this sample. 

Charcoal collected in place from a small, poorly defined hearth in Pit 1d within the 55

60 cm level yielded a determination of 3190 ± 90 RCYBP (Tx-6752). This charcoal (TMM 

41229-6881) was collected with small amounts of surrounding matrix, screen washed, and 

picked. The charcoal had a13c of -25.3%0, and thus the a13c corrected age is the same as 

the uncorrected age. 
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A determination of 4850 ± 130 RCYBP (Tx-6413) was obtained on charcoal (TMM 

41229-5265) collected in place from a hearth on the southwestern wall of Composite Pit I at 

a depth of 100 cm. This hearth is at the contact of the Brown Clay and the Dark Brown Unit. 

No a13c measurement was run on this sample. 

A collection of scrap bone (TMM 41229-6882) from Pit 1 C at a depth of 140-145 cm 

yielded a determination of 7040 ± 21 O RCYBP (Tx-6537). The bone was mainly small bone 

fragments and whole bones from small animals, The sample was comprised mostly of 

postcranial elements, and the majority of it was from rodents and leporids. The 

determination is on the apatite fraction of the bone; it did not yield enough collagen tor a 

determination to be run on that traction. The apatite traction had a a13c of -7.7"/oo yielding a 

determination corrected tor a13c of 7320 ± 210 RCYBP. 

Carbonate cement from a weakly cemented zone at the top of the Red Clay provided 

a determination of 7190 ± 120 RCYBP. This material (TMM 41229-1360) was from Pit 1C 

between 155 and 158 cm depth. The a13c of the carbonate was -2.34±.06%0. This 

results in a determination corrected tor a13c of 7940 ± 130 RCYBP. This date is probably 

the least secure of the Hall's Cave dates tor two reasons. Carbonate is not the ideal material 

to date due to potential problems in determination of carbon sources and exchange 

(Bowen, 1978). This problem is compounded by the fact that this sample was not a clean 

travertine, instead it was diffuse cementing carbonate . 

A determination of 11,770 ± 150 RCYBP (Tx-6096) was obtained on carbonate from 

a small travertine stringer within the 190-195 cm level of Pit 1 B. The travertine was less than 

1 cm thick and contained little or no sediment. The stringer itself was broken into a series of 

flat roughly square pieces approximately 5 cm on a side. Eight of these pieces (TMM 

41229-1118) were submitted tor analysis. The ()13c of the carbonate was -2.35±.06%0. 

The a13c corrected determination is 12,470 ± 160 RCYBP. 

Approximately 260 gm of scrap bone from Pit 1d/E at a depth of 230-235 cm yielded 

a determination of 15,130±170 RCYBP (Tx-7430). This sample of bone (TMM 41229

10879), like the upper bone sample was composed of relatively small, mostly postcranial , 

small bones and fragments of bone. The determination was based on the apatite traction 

of the bone; the sample was too small to yield sufficient collagen to analyze the organic 

traction using conventional radiocarbon techniques. The bone had a a13c of -7.8 'Yoo 

yielding a a13c corrected determination of 15,420 ± 170 RCYBP. 
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A sample of travertine representing the outer 0.5 cm of travertine from the Travertine 

Wedge in Pit 1A at a depth of approximately 180 cm yields a determination of 11,850 ± 120 

RCYBP (Tx-6137) . The a13c of the carbonate was -4.01±.03%0 resulting in a 

determination corrected for a13c of 13,050 ± 140 RCYBP. The context of this 

determination does not accurately reflect its stratigraphic position. The travertine sample 

(TMM 41229-1326) is a clean travertine with little or no sediment included within it. The top 

surface of the wedge at this position is smooth and separates cleanly from the red clay 

sediment which covers it. Both of these two factors indicate that the travertine had ceased 

forming at this position before the sediment reached this point. Therefore, this 

determination indicates the time at which wedge had stopped forming at this point. It also 

provides a minimum age for the sediment at 180 cm. 

As a result of atmospheric variations in 14c radiocarbon ages are not directly 

equivalent to calendar years. Correction of radiocarbon determinations to calendar years 

can be made by calibration with precisely dated dendrochronological sequences (Stuiver, 

1986). Calibration based on several of the most widely recognized dendrochronological 

sequences can be performed using the University of Washington Quaternary Isotope Lab 

Radiocarbon Calibration Program 1987 Rev. 1.3. Using this program I calibrated those 

dates that were within calibration range (Table 8) . Stuiver and Reimer (1986) provide 

references as to which dendrochronological sequences the computer program uses. 

Unless otherwise indicated, all determinations reported throughout this dissertation 

are corrected for a13c but are not calibrated. Because only the determinations younger 

than 7,210 RCYBP can be calibrated, several of the Hall's Cave dates cannot be calibrated. 

The use of uncalibrated dates allows all of the dates to be directly compared to each other. 

In many cases in the Hall's Cave analysis I will present "projected" ages for specimens 

or levels. These are based on the radiocarbon determinations discussed above and the 

least-squares regression sedimentation rates determined from those determinations. I 

have used separate curves for the material above and below the boundary between the 

Red Clay (Unit 4) and the Brown Clay (Unit 3). This boundary occurs at a depth of 155 cm. 

The fitted sedimentation rate curve for Unit 4 is used only for unit 4a, that is, to a depth of 

approximately 270 cm. Below this depth the coarser sediments suggest a possible 

change in sedimentation rate. The projected age for material below this depth is listed 

simply as greater than the projected age at 275 cm (i.e. >20,000 RCYBP). These 
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projections are the actual estimates from the sedimentation rate curves. No radiocarbon 

error factor estimates have not been included in the projections. 

Laboratory 

Number 

Tx-6154 

Tx-6537 

Tx-6413 

Tx-6752 

Tx-6097 

Tx-6943 

Determination (± 1 sigma) 

7,940 ± 130 

7,320 ± 200 

4,850 ± 130 

3,190 ± 90 

2,490 ± 90 

1,430 ± 100 

Calibrated Ages(BP) 

a1Jc corrected 
(1 sigma age range) 

8,749 yrs 
(9,009 - 8,569 yrs) 

8,076 yrs 
(8,359 - 7,929 yrs) 

5,594 yrs 
(5,729 - 5,336 yrs) 

3,440, 3,438, 3,400 yrs 
(3,540 - 3,354 yrs) 

2,711, 2,627, 2,611 , 
2,576, 2,549 yrs 
(2,746 - 2,357 yrs) 

1,318 yrs 
( 1 ,530 - 1 , 170 yrs) 

Table 8 -- Calibration of Hall's Cave radiocarbon determinations as determined using 
University of Washington Quaternary Isotope Lab Radiocarbon Calibration Program 1987 

Rev. 1.3. Some periods of the Holocene experienced rapid fluctuations in 14c 
production. In many of these intervals no unique calibration is possible, for this reason 
several of the determinations have several possible calendar ages. 

Archeologlcal Evidence 

The presence of temporally diagnostic artifacts provides additional information on 

both the age of the deposits and the timing of the utilization of the area around and in Hall's 

Cave (41 KR474) . The use of artifacts as age indicators requires a well developed and 

generally accepted cultural chronology. A cultural chronology of central Texas, based 

largely around the projectile point typology, has been developed over the past fifty years 

(Prewitt 1981 ). In order to use artifacts as temporal indicators, one must assume that the 

site one is dating fits into the established chronology. If the site is actually either younger or 
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older than the age previously established for the artifact. The estimate of site age will be 

incorrect. The Hall's Cave artifacts were identified by Ors. T. R. Hester and Michael B. Collins 

(2) of the Texas Archeological Research Laboratory. The age ranges for the artifacts are 

taken from the chronology of Prewitt (1981, 1985); however, in constructing his 

chronology Prewitt used radiocarbon ages calibrated for dendrochronology (Prewitt , 1981, 

1985). In order to make it comparable to the Hall's Cave chronology, I have decalibrated the 

Prewitt chronology using the calibration suggested by Damon and others (1974). The 

interval boundaries listed here are the decalibrated ones and thus differ slightly from those 

originally listed by Prewitt (1981, 1985). 

Artifacts with temporal significance come from five areas in and around Hall's Cave 

(41KR474). Within the cave, artifacts come from within the stratigraphy of both Composite 

Pit I and from the Bear Pit. Outside of the cave, artifacts come from the approximately five 

burned rock middens near the cave entrance, from the general surface not associated with 

any midden, and from on the surface of the entrance talus pile. 

One temporally diagnostic artifact, a Frio point, was recovered from the Bear Pit at a 

depth of 2.5 cm in the Black fill . Frio points are characteristic of the Uvalde and Twin Sisters 

Intervals and occur from approximately 2200 yrs. BP. to approximately 1420 yrs. BP. 

(Prewitt , 1981). 

Five temporally diagnostic artifacts have been recovered from within deposits of 

Composite Pit I. These artifacts are important in that they provide information with which to 

compare the radiocarbon chronology of the deposits. 

A very small, thin arrow point {TMM 41229-11030) was recovered in Pit 1 E in the 5

10 cm level (Figure 24). The body of this point is 14 mm long, 10 mm (est.) wide across the 

shoulders, and 1.1 mm thick. In central Texas arrow points all occur in Late Prehistoric and 

Historic contexts and date younger than approximately 1300 yrs. BP {Turner and Hester, 

1985). The Hall's Cave specimen cannot be identified more precisely as to type; however, 

it comes from a level with radiocarbon dates of both 430 ± 60 RCYBP {Tx-7191) and 1430 ± 

100 RCYBP (Tx-6943). Small, delicate points such as this one are generally from the later 

part of the Late Prehistoric period. The presence of this one is consistent with the later 

date but not the earlier one {M .B. Collins (2), personal communication, 1992). 

Four Early Archaic points occur in Pit I. Uvalde points were found in Pit 1 E at a depth 

of 85 cm and in Pit 1 in level 100-105 cm. A probable Uvalde point was found in Pit 1 A in 
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level 105-110 cm. A Martindale point was recovered in Pit 1 E at a depth of 102 cm. These 

types of points are characteristic of the Jarrell Interval of Prewitt ( 1981), which extends from 

approximately 5300 to 4440 yrs. BP. 

A large collection of diagnostic projectile points is associated with the burned rock 

middens near the entrance to the cave. Most of the points have been found on the surface 

of the middens; however, some have been found weathering out of the side of the 

middens which are washing into the cave. Projectile types associated with the middens 

include Montell, Ensor, Frio, and Scallorn points. The Ensor and Frio points are much 

more common in the sample. Montell points are from the Uvalde interval which dates from 

approximately 2200 yrs. BP to 1800 yrs. BP (Prewitt, 1981 ). Frio points are characteristic of 

the Uvalde and Twin Sisters intervals and date to between circa 2200 and 1420 yrs. BP 

(Prewitt, 1981 ). Ensor points also are characteristic of the Twin Sisters interval, 1800 to 

1420 yrs. BP (Prewitt, 1981). One Scallorn point is the latest point collected associated 

with one of the middens. This point type is from the Austin interval, 640 to 1275 yrs. BP 

(Prewitt, 1981) 

Several artifacts have been collected on the surface of the talus pile in the entrance 

to the cave. The significance of these artifacts is ambiguous, because most probably have 

weathered out of the burned rock middens at the entrance. The diagnostic artifacts from 

this setting have all been Ensor I Frio points, dating from the Uvalde and Twin Sisters 

intervals, 2200 to 1420 yrs. BP (Prewitt, 1981). 

One of the burned rock middens (BRM-D) is unlike the other middens from which 

material has been collected. It has a crescentic shape and is located approximately 150 

meters southwest of the entrance to Hall's Cave. The material from this midden is 

noticeably younger than that coming off the middens near the cave entrance. Diagnostic 

materials include two Scallorn, two Edwards and one Fairland point. This midden 

apparently was utilized mainly during Late Prehistoric times. 

A diverse collection of projectile points has been collected from the plateau surface 

around the cave. These points range in age from late Paleoindian to Late Prehistoric in age 

(Table 9). Points diagnostic of the Early Archaic (Jarrell Interval) and Late or Transitional 

Archaic (Uvalde and Twin Sisters Intervals) are most common. This is interesting, but 

perhaps not unexpected. Jarrell interval material represents the most common diagnostic 
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material from the cave stratigraphy. Late to Transitional Archaic material is well represented 

in the at least five burned rock middens around the site. 

Figure 24 -- Arrow point recovered from the 5-1 Ocm level of Pit 1 E in Hall's Cave. 
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Central Texas Chronology 
Phase (Prewitt, 1985) 

Artifacts from around 
Hall's Cave 

Age (RCYBP) 
Uncalibrated 

Toyah 
640 

1275 

1420 

1800 

2200 

2490 

3200 

3660 

4040 

4440 

5300 

6800 

8500 

Austin Scallorn (4) 

Driftwood 

Edwards (2) 

Twin Sisters Ensor (6) 
Fairland (1) Frio (2,?1 

Uvalde Montell (1) 

San Marcos Marshall (1) 

Round Rock 

Marshall Ford 

Gear Fork Nolan (1) 

Oakalla 

Jarrell Martindale (7) , Uvalde 
(1 }, Bell/Andice (1,?3) 

San Geronimo 

Circleville Angostura (1) 

Paleoindian 

Unassignable : Indeterminate dart point (11 ), Unknown (1), 
Indeterminate corner notched dart point with Scallorn 

characteristics (1) 
Table 9 -- Artifacts from the plateau suriace around the Hall's Cave including those from 
burned rock middens. Interval assignments for artifacts follow Prewitt (1981) . Timing of 
boundaries follows Prewitt (1985) ; however, I have decalibrated his boundaries based on 
the dendrochronological correction of Damon and others (1974). 



TAPHONOMY 

The taphonomy of cave deposits often is more complex than that of open-air sites. 

Different taphonomic processes and agents may bias the fossil assemblage in different 

ways. For this reason, it is crucial to understand the taphonomy of a deposit before 

attempting to use the remains for paleoenvironmental analysis. 

Vertebrate remains in caves usually come from four sources: 1) animals that lived and 

died in the cave, 2) animals that lived outside the cave but died in the cave, 3) animals 

whose remains washed into the cave, and 4) animals that were brought into the cave by 

other animals and humans (see for example Sutcliffe, 1970; Andrews, 1990). Each of these 

sources is complex and contains many subcategories. In Hall's Cave, as in most caves, all 

four sources are represented. Much of the taphonomic difference among caves lies in the 

differing balances of these sources. 

Animals that lived and died in the cave certainly contributed to the deposit. At least 1 O 

different species of vertebrates were observed to use the cave while excavations were 

going on (Table 4) . Another 12 species of vertebrates are known to occur on the entrance 

talus pile (Table 5). Many of the animals represented in the Hall's Cave fauna probably lived 

in the cave. These might include the following taxa: Ambystoma, Rana, Hirundo fulva, Asio 

sp., most of the Chiroptera, Ursus , Canis latrans, other Carnivora, and possibly Neotoma 

sp. 

Animals that usually live outside of a cave, but die within it, often are an important 

source of remains. The most obvious case in which these are important are in caves which 

act as natural traps. In a natural trap sur1ace dwelling animals enter or tall into the cave and 

are unable to escape (White, et al., 1984). These animals then starve or they are killed by 

predators that blunder in after them. 

This manner of accumulation does not appear to be a major source of bones in Hall's 

Cave. Today, Hall's Cave has a large walk-in entrance and a large talus wedge. Very few 

animals that entered the cave would be unable to exit again. However, several goats which 

were found dead on the talus cone may have fallen from the sinkhole edge. The entrance 

may not always have been as it is today. Many cave entrances start as sinkhole collapses, 

which often lack well developed talus piles that would permit animals to enter and exit easily. 

I have found no evidence for an early Hall's Cave entrance of this type. Even in the earliest 
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sediments from Composite Pit I there is no excess of easily trapped animals or carnivores 

such as often are found in natural traps (White, et al., 1984). The early levels are rich in birds, 

snakes, salamanders and bats, which suggests that the entrance may have begun as a small 

hole or holes. But, it is important to consider that evidence for an early natural trap phase 

would probably be best represented just under the entrance. This area is under the modern 

talus cone and was not excavated. 

In some cases, animals that are sick may enter a cave for shelter and die. For example, 

domestic goats (Capra hircus) reportedly entered Hall's Cave when afflicted with screw 

worm. They apparently would enter to escape heat and biting flies and would die in the cave 

(T. Hall, 1986; personal communication) . This behavior would explain much of the goat 

bone on the surface at the back of the cave. Other ungulates may have done the same 

thing in the past ; however, this probably represents a less significant contribution to the 

deposit than other methods of accumulation . 

The third category of remains, those taxa whose remains washed in from the surface 

(or from the talus pile), is harder to evaluate. The reasons for this are twofold. The distance 

the material would have to have been transported is fairly small . This would not leave large 

amounts of evidence on the bone. In addition, material which has been transported to its 

modern resting place may have enter the cave through another taphonomic process. A 

goat that died on the talus cone from a fall could then be washed down into the cave. At 

least two classes of material probably washed into the cave. Hackberry (Ce/tis sp.) seeds 

and many of the snail shells probably washed into the cave. However, even these could 

have brought in by animals. Some of the vertebrate material may have washed in as well. 

For example, most of the burned bone probably washed in from the middens at the cave 

entrance. Material washing in from the midden would explain why burnt bone, as well as 

Odocoileus sp. and teleost remains, are more common in the top meter of the deposit than 

lower down. 

A number of types of animals might bring animal carcasses, parts of carcasses, or 

bones into a cave. The most obvious groups are carnivores and scavengers, which would 

bring animals into the cave in one of two ways. They can bring in carcasses to eat or to feed 

young, or, having eaten them elsewhere, might excrete them within the cave. Mammalian 

carnivores and raptors both are common sources of vertebrate remains in caves (see for 

Brain, 1981 , Andrews, 1990). In addition, rodents such as Neotoma (Van Devender, et al., 
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1991). Erethizon, and Hystrix africaeaustralis (Brain, 1981) habitually collect small bones. 

They gnaw on these bones to wear down their continually growing incisors. Humans also 

may collect remains either for food and for making artifacts. These remains may be left in the 

cave. 

Raptor (probably owl) pellet remains probably are the single most significant 

contributor to the vertebrate remains of Hall's Cave. Owls eat many types of small 

vertebrates whole but cannot digest bone. teeth, hair, and scales very well. They rid 

themselves of these non-digestible materials, by regurgitating them as pellets (see for 

example Andrews. 1990). Raptor roosts are usually littered with these pellets and with bone 

derived from them. 

Raptors commonly roost in and around caves . Bubo virginianus has been observed 

both entering and exiting Hall's Cave. Owl pellets, also from Bubo virginianus, have been 

found both in the cave and under trees on the surface in the vicinity of the Cave. 

Many faunas from caves and some from open air sites have been interpreted as raptor 

accumulations (Andrews 1990; Korth, 1979). These raptor roost accumulations of bone can 

be identified based on a number of common characteristics. Raptor accumulations contain 

an abundance of bones of small vertebrates. usually to the complete exclusion of large 

animals. The size of animal taken varies with the type of raptor; however no modern North 

American raptor habitually takes animals larger than a jackrabbit (even these usually are taken 

only as juveniles). Soricids and mouse-sized rodents are the most common animals taken 

by many medium to large owls (Andrews, 1990). Small mammalian carnivores, rabbits, 

lizards and snakes are also frequently taken. Owls' pellets usually lack strictly diurnal 

species. such as sciurids. 

The completeness of many bones and the relative abundance of various skeletal 

elements are important in identifying owl pellet accumulations. Most skeletal elements are 

well represented, with long bones. vertebrae. and teeth being especially well represented 

(Andrews. 1990; Dodson and Wexlar. 1979). The vertebrae, femora. tibiae. and radii usually 

are complete. Scapulae are usually represented only by the glenoid region and humeri 

often have the proximal end broken off. Skulls often are broken at the occipital suture so 

that the back half of the skull is missing (Dodson and Wexlar. 1979). The damage to the 

skull, humeri and scapulae is usually due to a bite which separates the head from the body in 

consuming the animal. The degree of breakage increases as the size differential between 
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predator and prey decreases. For example, when a medium sized owl eats a rat it must make 

several bites; the same owl might eat a mouse whole. This would result in breakage of some 

elements on the rat, but the mouse would exhibit little breakage. 

Remains from raptor pellets often show evidence of etching due to acids from the 

raptors' digestive system. The degree of etching varies with type of raptor. Hawks, falcons 

and vultures usually have stronger digestive acids. This leads to both less bone survival and 

more etching of surviving bone (Andrews, 1990). 

The Hall's Cave deposit contains abundant small bone consistent with raptor pellet 

remains. The large amount of bone, small amount of etching on those bones and paucity 

of remains of diurnal taxa suggest that owls are the agent of accumulation. At Hall's Cave 

the largest animal whose remains are common are juvenile Lepus sp. Sylvilagus floridanus 

and/or S. audubonii remains are also largely from juvenile individuals. The presence of 

these relatively large species, even as juveniles indicate that a large owl, probably Bubo 

virginianus , Tyto alba, or possibly Asio sp., contributed pellets to the deposit. In addition, 

a few masses which appear to be remains of owl pellets are found in the brown clay at about 

145 cm. The lack of articulated or associated remains indicates that many of the pellets had 

disaggregated before or during burial. It is possible that the pellets were regurgitated near 

to the entrance of the cave and the pellets or disaggregated material was transported back 

into the cave. 

Another important component of the Hall's Cave paleofauna is derived from the 

remains of mammalian carnivore meals. Some of the small remains, rodents and rabbits, 

may have been dragged in by small carnivores, such as small canids and mustelids. Large 

carnivores such as Ursus americanus and Panthera onca, may have brought remains of 

larger animals such as Equus and Bison into the cave. 

The presence of intact coprolites and bone with carnivore tooth marks confirm the 

mammalian carnivore contribution to the remains. Coprolites are found at various levels 

from the surface to 155 cm (in both the brown clay and the dark brown layer). The 

coprolites are uncommon and seem to be randomly dispersed in the uppermost 135 cm of 

the deposit. Between approximately 145 and 155 cm coprolites are abundant. They are 

also fairly common in lenses at other levels (Figure 19). All of the coprolites recovered from 

the deposit appear to be from a medium-sized canid, probably either Canis latrans or C. 

familiaris. 
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Carnivore tooth marks are present on various bones and bone fragments. These 

tooth marks come from carnivores ranging in size from small weasels or skunks to bears and 

large cats. Most of the identifiable bite marks are canine punctures. Puncture marks 

formed by canines of small carnivores, probably mustelids are the most commonly 

recovered type in the deposit. The reason for this is taphonomic. Relatively few bones 

large enough to exhibit bear or large cat tooth marks have been recovered. When these 

large carnivores bite small animal bones the bones would probably shatter rather than 

exhibiting a puncture. 

Rodents, especially Neotoma sp., may have been a agent of accumulation of some 

of the bone. Most of the bone from taxa larger than rabbits shows the marks characteristic 

of rodent gnawing . Gnawed bone occurs throughout the deposit from Late Pleistocene 

material to material from the top of the deposit . The rodent gnawing may indicate that the 

material was gathered by rodents, or it may only indicate that most of the large material was 

not buried immediately upon deposition. 

Humans contributed to the deposition of Hall's cave bone, either directly or indirectly. 

The presence of fragmented and burned bone, especially Odocoileus sized bone, in the 

levels above 100 cm is clear evidence of human activity. It is not clear whether humans 

deposited material in the cave directly or just left bones around the entrance that later 

washed into the cave (possibly from the burned rock middens). The human contribution 

leads to several interesting biases. These are discussed later in the systematic 

paleontology accounts of concerned species. 

Three important questions must be considered when attempting to analyze material 

from a deposit which was largely the result of predation or bone gathering (such as Hall's 

Cave) are the following: 1), over what area does the predation I gathering take place? 2) 

what effect does this area have on the interpretation of the deposit? and 3) how does 

predator selectivity bias the assemblage. 

The area over which bone is collected clearly will vary with the type of animal 

gathering the bone. The range can be from very local to regional. Small rodents, such as 

Neotoma, would be expected to gather material from relatively close to their nest. N. 

floridana and N. micropus, for example, both generally utilize ranges of between several 

hundred and 2500 square meters (Braun and Mares, 1989; Wiley, 1980). Raptors may 

utilize somewhat larger ranges. Brain (1981) suggested that owls use ranges with radii of 



l l 8 

between 16 and 20 km; however, he also provides evidence of much more local ranges (on 

the order of 1 km). The winter hunting range of horned owls (Bubo virginiana) in Michigan 

rarely exceeded a radius of one-half mile (Craighead and Craighead, 1969). This agrees 

fairly well with the 1-3 km radius hunting range suggested for barn owls ( Tyto alba) by 

Andrews (1990). On the other extreme are large mammalian predators, which utilize much 

larger (more regional) ranges. Estimates of Panthera onca range vary from 2-5 km2 to 

almost 400 km2, although most estimates are between 10 and 50 km2 (Seymour, 1989). 

Very mobile carnivores such as wolves (Canis lupus) have even larger ranges, with home 

range estimates of between 130 km2 to 13,000 km2 (Mech, 1974). 

What effect does the area over which bone is collected have on the use of the 

material in environmental reconstruction? Andrews (1990) argues that because territory 

size represents resource dispersal rather than resource richness, it is largely irrelevant to 

paleoecological reconstructions. This may be the case if the paleoecological goal is merely 

to catalog resource richness (i.e. the presence of various habitats or guilds in the 

environment). However, the goals of paleoecological studies should be broader. 

Resource dispersal is integral to understanding the paleoecology. For instance, the 

paleoecological difference between a savanna and a grassland with riparian woods is the 

resource dispersal, and the size of an owl's territory is crucial to determining which situation 

is present in an area. The problem of area sampled becomes increasingly important as the 

diversity of available habitats (environmental patchiness) increases. 

Biases in the selection of prey items by predators will clearly affect the animal remains 

in a deposit. No animal eats everything in the environment in the proportion they are found 

in the environment. Predator selectivity is manifest both in utilizing only some of the 

animals available and using animals in proportions different from their representation in the 

environment. In the case of owls, one of the most important biases is in the maximum size 

of the prey (Andrews, 1990, for example). Even fairly large owls (Bubo virginianus, Tyto 

alba, and Strix nebulosa) generally only take prey rabbit size and smaller (Andrews, 1990; 

Craighead and Craighead, 1969). Another bias is that most owls take mainly crepuscular or 

nocturnal animal (Andrews, 1990; Craighead and Craighead, 1969). 

Hall's Cave is approximately 7 km from the nearest area bordering the North Fork of 

the Guadalupe River. At its nearest point, the Guadalupe River is intermittent under 

modern climatic conditions ; the nearest permanent water is approximately 1.6 km further 
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from the cave. These are the nearest areas where major riparian habitats would be found, 

although minor ones might have occurred along other streams in the area, such as Bear 

Creek. The distance from the cave to probably riparian habitats, coupled with the fact that 

the major agent of small mammal bone accumulation probably was owls, indicates that the 

vast majority of the material represents animals living in upland settings. For this reason the 

Hall's Cave fauna is useful for reconstructing the environmental and ecological history of 

the Edwards Plateau uplands. 

The concentration of fossils varies within the deposit; however, no layer can be 

considered sterile. The concentration of bone in the various levels may be taphonomic. 

Bone is especially abundant in the levels at 45 - 55 cm, 80 - 100 cm, 140 - 160 cm and 230

240. The levels from 140 to 160 cm are extremely rich in bone. Several explanations are 

possible for these levels of bone concentration. The most likely are 1) variations in cave 

utilization, 2) variations in rate of deposition, and 3) hiatuses in deposition. 

An additional taphonomic concern is identification biases. Abundance of vertebrate 

remains often makes it impractical to identify all material from the site. In the case of Hall's 

Cave this problem is magnified; the excavations of Composite Pit I have produced 

hundreds of thousands of identifiable vertebrate remains, only a small fraction which have 

been catalogued. A larger proportion has been preliminarily identified but not catalogued. 

Except where specifically noted, material which has not been catalogued is not included in 

this dissertation. The magnitude of the collection has forced me to make choices 

concerning what material to identify and catalogue. 

These choices have been made based on a variety of factors . This study focuses on 

the mammals from the Hall's Cave deposits, due both to my interests, and to Dr. Lundelius's 

knowledge and interests. Some taxa, such as Sylvilagus spp. can readily be identified 

from virtually any piece. Material from these relatively easily identifiable taxa are generally 

well represented in the identified material. However, many of these taxa provide little 

environmental information. Therefore, as analysis proceeded, priority for cataloguing 

additional representatives of these taxa tended to fall . The largest factor is an informal cost

beneftt decision based on the ease of identification compared to the amount of 

environmental information the taxa can provide. 

Although some groups, such as sciurids and arvicolines, are difficult to identify to 

meaningful levels, the amount of information they provide makes them worth expending 
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major effort on. Other groups, such as most sigmodontines, provide little information due 

to the problem of identifying them at meaningful taxonomic levels. Remains of Peromyscus 

and several other taxa could provide important environmental information if they could be 

reliably identified to species. However, I do not believe that any of the published criteria 

reliably distinguish the species of Peromyscus, Neotoma, or Reithrodontomys. For this 

reason the remains of these animals have been given relatively low priority in my Hall's Cave 

study. Table 10 provides information on the relative effort applied to various taxa. 

Table 10 -- Identification priority of material at Hall's Cave. This list is not a strict guide that 
was used in identification. It is instead a hind-sight statement of the results of my 
identification work. This table provides a general guide for evaluating differences in 
confidence in stratigraphic ranges and abundance of taxa due to vagaries of identification. 

Taxa considered readily identified (generally well cataloged) 

Sylvilagus spp. 
Lepus sp. 
Chaetodipus hispidus 
Perognathus sp. (small) 
Onychomys leucogaster 
Sigmodon hispidus 
Neotoma sp. (at generic level) 
Synaptomys cooperi 
Myotis velifer 
Pipistrellus subflavus 
Eptesicus fuscus 
Geomys spp. 
Thomomys spp. 
Blarina carolinensis 
Cryptotis parva 
Notiosorex crawfordi 
Cynomys sp. 
some Carnivora 
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Table 10 (con't.) 

Taxa preferentially identified due to value in environmental reconstruction (generally 
well cataloged) 

Sorex cinereus 
all Chiroptera not listed above 
Cratogeomys castanops 
Dipodomys sp. 
All aNicolines, except Synaptomys 
All sciurids 
Phrynosoma cornutum 
Phrynosoma douglassi 

Taxa preferentially identified due to rarity (generally well cataloged) 

All megafauna 
Geochelone wilsoni 

Taxa largely ignored due to low environmental value or identification difficulty (at a 
useful taxonomic level) (poorly cataloged) 

Peromyscus spp. 
Reithrodontomys spp. 
Baiomys taylori 
Neotoma sp. (below generic level) 
most Carnivora 



HALL'S CAVE FAUNA 

Hall's Cave contains an extremely diverse fauna of at least 62 species of mammals 

and a minimum of 48 species of non-mammalian vertebrates (Table 11, 12 and 13). This 

fauna is based on over 12,000 catalogued specimens. The fauna contains a variety of both 

extinct and extralimital taxa. Although the mammalian fauna is the focus of this study, birds, 

amphibians, reptiles, and osteichthyean fish are also present in the deposits. The non

mammalian fauna has received only cursory study to date. Further study will greatly 

increase the recognized diversity of the non-mammalian fauna, as much of the material is 

potentially identifiable. 

The mammalian fauna potentially contains almost all of the taxa that are currently 

found in Kerr County. The only species known to be lacking are Dasypus novemcinctus, 

Spermophilus variegatus, Erethizon dorsatum, Lasionycteris noctivagans Nycticeius 

humeralis, Plectotus townsendii, and Antrozous pallidus. The fauna also contains many 

species not found in the area today. The nomenclature of the mammals, unless otherwise 

noted, follows Jones and others (1992) . 

In addition to the mammals discussed in this dissertation, several non-mammalian 

taxa are either noteworthy or provide important environmental information. These taxa are 

briefly discussed below. 

122 
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Table 11 -- Composite faunal list for the Hall's Cave deposits. This list contains all taxa 
found at any level within Composite Pit I. Taxa marked with (t) are extinct , those marked 
with(•) are not now found on the Edwards Plateau (extralimital) . Designations such as 
Sorex cinereuslhaydeni ± S. longirostris should be interpreted as follows : the taxa listed 
before the ± is present (in the deposit or material being discussed) ; some of the material 
could belong to the taxa following the ±; however, no material definitely assignable to the 
taxa following the ± has been found (in the deposit or in the material being discussed, as 
the case may be) . 
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Table 11 -- Hall's Cave Faunal List 

PLANTS 
Spermatophyta 

Angiospermae 

Ulmaceae 
Gettis sp. 

Fagaceae 
Ouercus sp. 

NON-VERTBRATES 
Arthropoda 

Crustacea 
Decapoda 

unid. crayfish 
Mollusca 

Gastropoda 
unid. gastropods 

Pelecypoda 
Unionidae 

Unio 

VERTEBRATA 
Chondrichthyes 

Lamniformes (Cretaceous) 
Osteichthyes 
Holostei 

Lepisosteiformes 
Lepisosteidae 

Lepisosteus sp. 
Teleostei 

unid. teleosts 
Cypriniformes 

Cyprinidae 
Siluriformes 

lctaluridae 
lctalurus sp. 
lctalurus cf. I. furcatus 

Perciformes 
Centrarchidae 

? Lepomis sp. 
Micropterus sp. 

Amphibia 

Caudata 

unid. Caudata 
Ambystomatidae 

Ambystoma sp. • 
Anura 

Pelobatidae 

Scaphiopus sp. 
Bufonidae 

Bufo sp. 
Bufo americanus or 

B. woodhousei (?) 
Hylidae 

unid hylid 

Acris or Pseudacris 
Hy/a sp. 

Ranidae 
Rana sp. 

Reptilia 
Che Ionia 

Kinosternidae 
Kinosternon sp. 

Chelydridae 
Chelydra ? serpentina 

Emydidae 
Deirochelyinae 
Emydinae 
Terrapene sp. 
T errapene carolina 

T estudinidae 
Geochelone wilsoni t 
Geochelone or Gopherus 

Serpentes 
Colubridae 

unid. Colubrinae 
Thamnophis sp. 

Viperidae 
Agkistrodon sp. 
Crotalus sp. 
unid. viperid 

Lacertilia 
unid. lizards 
Anguidae 

Ophisaurus attenuatus 
lguanidae 

unid. iguanids 
Crotaphytus sp. 
unid. Sceloporinae 
Phrynosoma cornutum 
Phrynosoma douglassi • 
P. cornutum or P. modestum • 
P. douglassi • or P. modestum • 
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Table 11 (con't) Hall's Cave Faunal List 

Aves 
unid. birds 
Podicipediformes 

Podicipedidae 
Podiceps sp. 

Anseriformes 
Anatidae 

unid. anatids 
Anatini 

Charadriiformes 
unid. charadriiforms 
Scolopacidae 

Falconiformes 
Catharidae 

Coragypes occidentalis t 
Accipitridae 

Aquila chrysaetos 
Galliformes 

Phasianidae 
Tetraoninae • 
Colinus virginianus or 

Caflipepla squamata • 
Meleagris gaflopavo 

Columbiformes 
Columbidae 

unid. columbid 
Zenaida cl. asiatica I macroura 

Cuculiformes 
Cuculidae 

Cucu/us sp. 
Geococcyx californianus conklingi t 

Strigiformes 
Strigidae or Tytonidae 
Strigidae 

Asia 
Bubo virginianus 

Piciformes 
Picidae 

Colaptes auritus 
Passeriformes 

Hirundinidae 
Hirundo sp. 
Hirundo cf. fulva 

Corvidae 
Corvus sp. 
Corvus ? corax 

Muscicapidae 

unid. muscapid 
cf. Turdus 

Emberizidae 
unid. emerizid 
Emberizinae or Fringillinae 
Emberizinae 
Jcterinae 
cf. Ouiscalus 
Ouiscalus ? mexicanus 
? Pandanaris sp. t 

Mammalia 
Didelphimorpha 

Didelphidae 
Dide/phis virginiana 

lnsectivora 
Soricidae 

Sorex cinereuslhaydeni • 
S. cinereusl haydeni • ± S. 

longirostris • 
Blarina brevicauda carolinensis • 
Cryptotis parva • 
Notiosorex crawfordi 

Talpidae 
Sea/opus aquaticus • 

Chiroptera 
Vespertilionidae 

Lasiurus borea/is or L. seminolus 
Lasiurus cinereus 
Myotis velifer 
Myotis sp. (medium-gracile) • 
Myotis sp. (medium-robust)• 
Pipistreflus subffavus 
Eptesicus fuscus • 

Molossidae 
Tadarida brasiliensis 

Xenarthra 
Dasypodidae 

Oasypus ? belfus t 
Lagomorpha 

Leporidae 
Sylvilagus floridanus and/or S. 
auduboni 
Lepus californicus ± S. aquaticus • 

Rodentia 
Sciuridae 

unid. sciurid 
Spermophilus (lctidomys) sp. 
Spermophilus mexicanus 
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Table 11 (con't) Hall's Cave Faunal List 
Spermophilus mexicanus or 

S. tridecemlineatus • 
Spermophilus spilosoma • or 

S. tridecemlineatus • 
Cynomys sp. • 
Cynomys ludovicianus • 
Sciurus sp. 

Geomyidae 
Thomomys sp. • 
Geomys sp. • 
Cratogeomys castanops • 
Geomys or Cratogeomys 
Geomys or Thomomys 

Heteromyidae 
Perognathus flavescens • or 

P.f/avus 
Perognathus f/avescens • or 

P.flavus or P. fasciatus • 
Chaetodipus hispidus 
Dipodomys elator • 
Dipodomys compactus • or 

D.elator• 
Dipodomys compactus • or 

D.elator •or D.ordii 

Muridae 
Sigmodonti nae 
Reithrodontomys sp. 
Peromyscus sp. 
Baiomys taylori 
Onychomys leucogaster 
Sigmodon hispidus 
Neotoma sp. 
Arvicolinae 
Microtus sp. • 
Microtus ochrogaster • 
M. ochrogaster • or M. pinetorum • 

M. pinetorum • 
M. pennsylvanicus • or M. 

montanus • or M. mexicanus • 
or M. longicaudus • 

Synaptomys cooperi • 
Zapodidae 

Zapus hudsonius • 
Carnivora 

Canidae 
unid. canid 
Canis latrans or C. familiaris 

Canis cl. C. dirus t 
Canis lupus 
Canis lupus or C. rufus •or 

C.dirus t 
Vulpes vu/pes ± V. velox • and 

Urocyon cinereoargenteus 
Ursidae 

Ursus sp. 
Ursus americanus 

Procyonidae 
Bassariscus astutus 
Procyon lotor 

Mustelidae 
Mustela cf. M. frenata 
Mustela frenata or M.erminea • 
Mephitinae 
Spilogale sp. 
Conepatus meso/eucus or C. 
leuconatus • 
Mephitis mephitis or M. macroura • 

Felidae 
Fe/is conco/or 
Fe/is weidii • or F. yagouaroundi • 
Lynx rufus 
Panthera sp. 
Panthera /eo atrox tor P.onca 

augusta t 
Panthera onca • 
Fe/is conco/or or Panthera sp. 

Perissodactyla 
Equidae 

Equus sp. (large) t 
Equus sp. (small) t 

Artiodactyla 
Tayassuidae 

Platygonus compressus t 
Tayassu tajacu 

Camelidae 
Hemiauchenia macrocephala t 

Cervidae 
Odocoi/eus sp. 

Antilocapridae 
Antilocapra americana 

Bovidae 
Bison antiquus t 
Bison ? bison 

Bovidae or Cervidae 
unid. bovid or cervid 
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Table 12 -- Faunal list for the Bear Pit deposits at Hall's Cave. The letter (B) following the 
name indicates that remains are found in the Black Dirt ; a (W) indicates that remains are 
found in White Unit, and a (W?) indicates that the taxa is present in the "Mixed White 

Surface Debris ." 

Gastropoda 
unidentified Pulmonata 

Pelecypoda 
Unio sp. 

Amphibia 
unidentified Urodela (B) 

Reptilia 
unidentified Serpentes (W) 
unidentified Lacertilia (B,W) 

Aves 
unidentified Aves (B,W) 

Mammalia 
Blarina sp. (B) 
Cryptotis parva (B) 
Notiosorex crawtordi (B) 
Myotis veliter (B,W?) 
Pipistrellus subflavus (W) 

Epstesicus fuscus (W) 
indeterminate Leporidae (B,W) 
Geomys sp.(B) 
Chaetodipus hispidus (B,W?) 
Perognathus sp. (small) (B,W?) 
Dipodomys elator (B) 
Peromyscus sp. (B,W?) 
Reithrodontomys sp. (B) 
Neotoma sp. (B,W?) 
Sigmodon hispidus (B,W?) 
Microtus pinetorum (B,W?) 
Microtus ochrogaster or pinetorum (B,W?) 

Canis lupus (B) 
Fe/is concolor (B) 
Ursus americanus (B) 
Procyon lotor (B) 

Equus sp. (W, W?) 



128 

Table 13 -- Stratigraphic distribution of the vertebrate taxa discussed in this dissertation 
within Composite Pit I. An X indicates that the taxa is present in that 5 cm level. An equal 
sign(=) indicates that the taxa is present in a 15 cm level which contains that 5 cm level. An 
hyphen (-) indicates that the taxa is present in a large level (from with the travetine wedge 
and rock fall) which contains the indicated 5 cm level. A question mark (?) indicates that 
material questionable referred to the taxon is present in the level. A "cf" indicates that 
material tentatively referred to the taxon is present. 
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Table 13 
0 
0 

0 
5 0 5 
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4 
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4 
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5 
0 

5 
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6 
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6 
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7 
0 

7 
5 

8 
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Amphibia 
Caudata 

Ambystomatidae 
Ambystoma sp. • 

0 
5 0 5 

2 
0 

2 
5 

3 
0 

3 
5 

4 
0 

4 
5 

5 
0 

5 
5 

6 
0 
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5 

7 
0 

7 
5 

8 
0 

8 
5 

x 
Chelonia 
Testudinidae 

Geochelone wilsoni t 
Geoche/one or Gopherus 

Lacertilia 
lguanidae 

Phrynosoma cornutum x x x x x x x 
Phrynosoma doug/assi • 

P. cornutum or P. modestum • 

P. douglassi • or P. modestum • 

Phrynosoma sp. x x x x x x x x xx x 
Aves 

Falconiformes 
Catharidae 

Coragypes occidentalis t 
Cuculiformes 

Cuculidae 
Geococcyx californianus conklingi t 

Mammalia 
Didelphimorpha 

Didelphidae 
Didelphis virginiana x x x 

lnsectivora 
Soricidae 

Sorex cinereuslhaydeni • 

S. cinereuslhaydeni • ± S. longirostris • 

Blarina carolinensis • 

Cryptotis parva • x x x x x x x x x x x xx x x 

Notiosorex crawfordi x x x x x x x x x x x xx x x 
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Table 13 (con't) 
0 0 2 2 3 3 4 4 5 5 6 6 7 7 8 
0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 

0 2 2 3 3 4 4 5 5 6 6 7 7 8 8 
5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 

Talpidae 
Sea/opus aquaticus • 

Chiroptera 
Vespertilionidae 

Lasiurus borealis or L. seminolus 

Lasiurus cinereus 

Myotis velifer xx xx xx xx xx xx xxxxx 
Myotis sp. (medium-gracile) • 

Myotis sp. (medium-robust) • 

Pipistrellus subf/avus x x x 
Eptesicus fuscus • 

Molossidae 
T adarida brasiliensis x 

Xenarthra 
Oasypodidae 

Dasypus ? bellus t 

Lagomorpha 
Leporidae 

Sylvilagus f/oridanus I S. audubonii xx xx xx xx xx xx xxxxx 
Lepus californicus ± S. aquaticus • x x xxxxxxxxxxxx 

Rodentia 
Sciuridae 

Spermophilus (lctidomys) sp. 

Spermophilus mexicanus x 
Spermophilus mexicanus or x x 

S. tridecemlineatus • 

Spermophilus spilosoma • or 
S. tridecemlineatus • 

Cynomys sp. • 

Sciurus sp. x 
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Table 13 (con't) 
0 0 2 2 3 3 4 4 5 5 6 6 7 7 8 
0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 

0 2 2 3 3 4 4 5 5 6 6 7 7 8 8 
5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 

Geomyidae 
Thomomys sp. • x x x x x x x x xx x x 
Geomys sp. • x x x x x x x x x 
Geomys or Thomomys x x x x x x x x x x x x xx x x 
Cratogeomys castanops • x x 

Geomys or Cratogeomys x 
Heteromyidae 

Perognathus flavescens •or flavus x x x x x x x x x x x x xx x 

Perognathus f/avescens • or flavus x x x x x x x x x x x x xx x 
or P. fasciatus • 

Chaetodipus hispidus x x x x x x x x x x x x x xx x x 
Oipodomys elator • 

Oipodomys compactus • or 0.elator• 

Oipodomys compactus • or 0.elator• 
or O.ordii 

Oipodomys sp. 

Muridae 
Sigmodontinae 
Reithrodontomys sp. x x x x x x x x x x x 
Peromyscus sp. x x x x x x x x x x x x x x 
Baiomys taylori x x x x x 
Onychomys leucogaster x x x x x x x xx x 
Sigmodon hispidus x x x x x x x x x x xx x x 
Neotoma sp. x x x x x x x x x x x xx x x 
Arvicolinae 
Microtus ochrogaster • 

M. ochrogaster • or M. pinetorum • x x x x 
M. pinetorum • x x x 
M. pennsy/vanicus • or M. montanus • 

or M. mexicanus • or M. longicaudus • 

Synaptomys cooperi • 
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Table 13 (con't) 
0 
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5 0 
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0 
5 0 5 
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0 

8 
5 

Zapodidae 
Zapus hudsonius • 

Carnivora 
Canidae 

Canis latrans or C. familiaris x x x x x x x 

Canis cf. C. dirus t 

Canis lupus or rufus x x x 
Canis lupus or C. rufus • or C.dirus t 

Vulpes vulpes 

Vulpes orUrocyon cinereoargenteus x x 
Ursidae 

Ursus sp. 

Ursus americanus 

Procyonidae 
Bassariscus astutus 

Procyon lotor x x x x x x x 
Mustelidae 

Mustela cf. M. frenata 

Mustela frenata or M.erminea • 

Mephitinae 

Spilogale sp. ? 

Conepatus mesoleucus or 
C. leuconatus • 

x 

Mephitis mephitis or M. macroura • 
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Table 13 (can't) 

Felidae 
Fe/is concolor 

Fe/is weidii • or F. yagouaroundi • 

Lynx rufus 

Panthera sp. 

Panthera leo atrox tor 
P.onca augusta t 

Panthera onca • 

Fe/is concolor or Panthera sp. 

Perissodactyla 
Equidae 

Equus sp. (large) t 

Equus sp. (small) t 

Artiodactyla 
Tayassuidae 

Platygonus compressus t 
Tayassu tajacu 

Camelidae 
Hemiauchenia macrocepha/a t 

Cervidae 
Odocoi/eus sp. 

Antilocapridae 
Antilocapra americana 

Bovidae 
Bison antiquus t 

Bison ? antiquus t 

Bison ? bison 

0 0 2 2 3 3 4 4 5 5 6 6 7 7 8 
0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 

0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 
5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 

x 

x x 

x x x xxxxxxxxx 

x 
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Table 13 (con't) 1 1 1 1 1 1 1 1 1 1 1 
9 0 0 1 2 2 3 3 4 4 5 5 6 6 

8 9 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 
5 0 

- 1 1 1 1 1 1 1 1 1 1 
9 9 0 0 1 2 2 3 3 4 4 5 5 6 6 7 
0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 

Geomyidae 
Thomomys sp. • x x x x x x 
Geomys sp. • x x x x x x x x x x x x x xx x 
Geomys or Thomomys x x x x x x x x x x x x x xx x 
Cratogeomys castanops • 

Geomys or Cratogeomys 

Heteromyidae 
Perognathus f/avescens • or flavus x x x x x x x x x x 

Perognathus flavescens • or flavus x x x x x x x x x x x x 
or P. fasciatus • 

Chaetodipus hispidus x x x x x x x x x x x x xx x 
Dipodomys e/ator • x x x 
Dipodomys compactus • or D.elator• 

Dipodomys compactus • or 0 .elator• x x 
or D.ordii 

Dipodomys sp. x 
Muridae 

Sigmodontinae 
Reithrodontomys sp. x x x x x x x x x x 
Peromyscus sp. x x x x x x x x x x 
Baiomys taylori x x x x 
Onychomys leucogaster x x x x x x x x x x x x x x 
Sigmodon hispidus x x x x x x x x x x x x 
Neotoma sp. x x x x x x x x x x x x x 
Arvicolinae 
Microtus ochrogaster • x x x x x x x x x x xx x 

M. ochrogaster • or M. pinetorum • x x x x x x x x x x x x x x x 

M. pinetorum • x x x x x x x x x x 

M. pennsylvanicus • or M. montanus • 
or M. mexicanus • or M. /ongicaudus • 

Synaptomys cooperi • 
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Table 13 (con't) 
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0 

1 
2 
0 

1 
2 
5 

1 
2 
5 

1 
3 
0 

1 
3 
0 

1 
3 
5 

1 
3 
5 

1 
4 
0 

4 
0 

1 
4 
5 

1 
4 
5 

5 
0 

5 
0 

5 
5 

5 
5 

1 
6 
0 

1 
6 
0 

6 
5 

1 
6 
5 

1 
7 
0 

Zapodidae 
Zapus hudsonius • 

Carnivora 
Canidae 

Canis latrans or C. familiaris x x x x x x x x 
Canis cf. C. dirus t 
Canis lupus or rufus 

Canis lupus or C. rufus •or C.dirus t 
Vulpes vulpes x 

Vulpes or Urocyon cinereoargenteus x 
Ursidae 

Ursus sp. x x 
Ursus americanus 

Procyonidae 
Bassariscus astutus 

Procyon lotor x x x x 
Mustelidae 

Mustela cf. M. frenata x 
Muste/a frenata or M.erminea • 

Mephitinae 

Spilogale sp. x x 

Conepatus mesoleucus or 
C. leuconatus • 

Mephitis mephitis or M. macroura • ct 
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Table 13 (con't) 
1 
7 
0 

1 
7 
5 

1 
8 
0 

1 
8 
5 

1 
9 
0 

1 
9 
5 

2 
0 
0 

2 
0 
5 

2 

0 

2 
1 
5 

2 
2 
0 

2 
2 
5 

2 
3 
0 

2 
3 
5 

2 
4 
0 

2 
4 
5 

2 
5 
0 

Amphibia 
Caudata 

Ambystomatidae 
Ambystoma sp. • 

1 1 
7 8 
5 0 

x x 

1 1 
8 9 
5 0 

x x 

1 2 
9 0 
5 0 

x x 

2 2 
0 1 
5 0 

x x 

2 2 
1 2 
5 0 

x x 

2 
2 
5 

x 

2 
3 
0 

x 

2 
3 
5 

x 

2 
4 
0 

2 2 2 
4 5 5 
5 0 5 

x x x 
Chelonia 
Testudinidae 

Geochelone wilsoni t x ? x x x ? ? 

Geochelone or Gopherus 

Lacertilia 
lguanidae 

Phrynosoma cornutum 

Phrynosoma douglassi • x x x 
P. cornutum or P. modestum • 

P. douglassi • or P. modestum • x 
Phrynosoma sp. x x x x 

Aves 
Falconiformes 

Catharidae 
Coragypes occidentalis t x 

Cuculiformes 
Cuculidae 

Geococcyx californianus conklingi t x 
Mammalia 

Didelphimorpha 
Didelphidae 

Didelphis virginiana 

lnsectivora 
Soricidae 

Sorex cinereus/haydeni • - - x x 

S. cinereuslhaydeni • ± S. longirostris • x x x 

Blarina carolinensis • x x x x x x x x x x x x x xx x x 

Cryptotis parva • x x x x x x x 

Notiosorex crawfordi x x x x x 
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Table 13 (con't) 1 
7 
0 

1 
7 
5 

1 
8 
0 

1 
8 
5 

9 
0 

9 
5 

2 
0 
0 

2 
0 
5 

2 
1 
0 

2 

5 

2 
2 
0 

2 
2 
5 

2 
3 
0 

2 
3 
5 

2 
4 
0 

2 
4 
5 

2 
5 
0 

1 
7 
5 

8 
0 

1 
8 
5 

1 
9 
0 

1 
9 
5 

2 
0 
0 

2 
0 
5 

2 

0 

2 

5 

2 
2 
0 

2 
2 
5 

2 
3 
0 

2 
3 
5 

2 
4 
0 

2 
4 
5 

2 
5 
0 

2 
5 
5 

Talpidae 
Sea/opus aquaticus • x - x x x x x x x x x x x 

Chiroptera 
Vespertilionidae 

Lasiurus borealis or L. seminolus x x x x 
Lasiurus cinereus x 
Myotis velifer x x x x x x x x x x x x x x x x x 
Myotis sp. (medium-gracile) • x x x x - x x x x x 
Myotis sp. (medium-robust)• x x 
Pipistrel/us subf/avus x x x x x x x x x x x x xx x 
Eptesicus fuscus • x x x x x x x x x x x x x x x x 

Molossidae 
Tadarida brasiliensis 

Xenarthra 
Dasypodidae 

Dasypus ? bel/us t x 
Lago morph a 

Leporidae 
Sylvilagus floridanus I S. audubonii x x x x x x x x x x x x x xx xx 
Lepus californicus ± S. aquaticus • x x x x 

Rodentia 
Sciuridae 

Spermophilus (lctidomys) sp. x x x 
Spermophilus mexicanus 

Spermophi/us mexicanus or 
S. tridecemlineatus • 

Spermophilus spilosoma • or 
S. tridecemlineatus • 

x x x x x x 

Cynomys sp. • 

Sciurus sp. ? 



141 

Table 13 (con't) 

Geomyidae 
Thomomys sp. • 

Geomys sp. • 

Geomys or Thomomys 

Cratogeomys castanops • 

Geomys or Cratogeomys 

Heteromyidae 
Perognathus flavescens •or P.flavus 

Perognathus flavescens •or P.f/avus 
or P. fasciatus • 

Chaetodipus hispidus 

Dipodomys elator• 

Dipodomys compactus •or D.elator• 

Dipodomys compactus • or O.elator • 
or D.ordii 

Dipodomys sp. 

Muridae 
Sigmodontinae 
Reithrodontomys sp. 

Peromyscus sp. 

Baiomys taylori 

Onychomys leucogaster 

Sigmodon hispidus 

Neotoma sp. 

Arvicolinae 
Microtus ochrogaster • 

M. ochrogaster • or M. pinetorum • 

M. pinetorum • 

M. pennsylvanicus • or M. montanus • 
or M. mexicanus • or M. longicaudus • 

Synaptomys cooperi • 

1 1 1 1 1 2 2 2 2 2 2 2 22 2 2 
77889900 12233445 
05 05 05 05 05 05 05050 

111 12222222222 2 2 
7889900 122334455 
50 50 50 50 50 50 50505 

x x x x x x x x x x x x x x 
x xxxxxxxxxx x x x 

X xxxxxxx x x 

X xxxxxxxxx x x 
x x x 

x x 
x x x x x x x 

x 

x x x x x x x x x 
x x x x x x x x x x x x 

x x x x x x x x x 
x x x x 

xx xx xx xx xx xx xx xx 

x xxxxxxxxxxxx 
xx xx xx xx xx xx xxxxx 
xxx xxx xxxxxxxxxxx 

x - x 

x x x x x x x 
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Table 13 (con't) 
1 
7 
0 

1 
7 
5 

1 
8 
0 

1 
8 
5 

1 
9 
0 

1 
9 
5 

2 
0 
0 

2 
0 
5 

2 
1 
0 

2 
1 
5 

2 
2 
0 

2 
2 
5 

2 
3 
0 

2 
3 
5 

2 
4 
0 

2 
4 
5 

2 
5 
0 

1 
7 
5 

1 
8 
0 

1 
8 
5 

1 
9 
0 

1 
9 
5 

2 
0 
0 

2 
0 
5 

2 
1 
0 

2 

5 

2 
2 
0 

2 
2 
5 

2 
3 
0 

2 
3 
5 

2 
4 
0 

2 
4 
5 

2 
5 
0 

2 
5 
5 

Zapodidae 
Zapus hudsonius • x 

Carnivora 
Canidae 

Canis latrans or C. familiaris x 
Canis cf. C. dirus t x x 

Canis lupus or rufus x x 
Canis lupus or C. rufus • or C.dirus t x 
Vulpes vulpes 

Vulpes or Urocyon cinereoargenteus x x x x 
Ursidae 

Ursus sp. 

Ursus americanus x 
Procyonidae 

Bassariscus astutus x 

Procyon lotor 

Mustelidae 
Mustela cf. M. frenata 

Mustela frenata or M.erminea • x x x 

Mephitinae 

Spilogale sp. x x x x x 

Conepatus mesoleucus or 
C. leuconatus • 

Mephitis mephitis or M. macroura • ? x x x x 
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Table 13 (can't) 
1 
7 
0 

1 
7 
5 

1 
8 
0 

1 
8 
5 

1 
9 
0 

1 
9 
5 

2 
0 
0 

2 
0 
5 

2 

0 

2 

5 

2 
2 
0 

2 
2 
5 

2 
3 
0 

2 
3 
5 

2 
4 
0 

2 
4 
5 

2 
5 
0 

1 
7 
5 

1 
8 
0 

1 
8 
5 

1 
9 
0 

1 
9 
5 

2 
0 
0 

2 
0 
5 

2 
1 
0 

2 
1 
5 

2 
2 
0 

2 
2 
5 

2 
3 
0 

2 
3 
5 

2 
4 
0 

2 
4 
5 

2 
5 
0 

2 
5 
5 

Felidae 
Fe/is concolor 

Fe/is weidii • or F. yagouaroundi • x 

Lynx rufus 

Panthera sp. 

Panthera /eo atrox tor 
P.onca augusta t 

Panthera onca • x 

Fe/is concolor or Panthera sp. x x 

Perissodac!yla 
Equidae 

Equus sp. (large) t x 

Equus sp. (small) t 

Artiodactyla 
Tayassuidae 

Platygonus compressus t ? x x x x 

Tayassu tajacu 

Camelidae 
Hemiauchenia macrocepha/a t x 

Cervidae 
Odocoi/eus sp. ? 

Antilocapridae 
Antilocapra americana 

Bovidae 
Bison antiquus t x 

Bison ? antiquus t 
Bison ? bison 

x 
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Tabla 13 (con't) 
2 
5 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 
1 
0 

3 
1 
5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

Amphibia 
Caudata 

Ambystomatidae 
Ambystoma sp. • 

2 2 
6 6 
0 5 

x x 

2 
7 
0 

2 2 2 
7 8 8 
5 0 5 

x x x 

2 
9 
0 

2 
9 
5 

x 

3 
0 
0 

3 
0 
5 

3 3 3 
1 1 2 
0 5 0 

x x x 

3 
2 
5 

3 
3 
0 

x 

3 
3 
5 

3 
4 
0 

Chelonia 
Testudinidae 

Geochelone wilsoni t 
Geochelone or Gopherus 

Lacertilia 
lguanidae 

Phrynosoma cornutum 

Phrynosoma douglassi • ? x x 
P. cornutum or P. modestum • 

P. doug/assi •or P. modestum • x x 
Phrynosoma sp. x 

Aves 
Falconiformes 

Catharidae 
Coragypes occidentalis t 

Cuculiformes 
Cuculidae 

Geococcyx californianus conklingi t 

Mammalia 
Didelphimorpha 

Didelphidae 
Didelphis virginiana 

lnsectivora 
Soricidae 

Sorex cinereuslhaydeni • x 
S. cinereus/haydeni •± S. /ongirostris • x 
Blarina carolinensis • x x x x 
Cryptotis parva • 

Notiosorex crawfordi 
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Table 13 (con't) 2 
5 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 

0 

3 
1 
5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

Talpidae 
Sea/opus aquaticus • 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 
1 
0 

3 
1 
5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

3 
4 
0 

Chiroptera 
Vespertilionidae 

Lasiurus borealis or L. seminolus 

Lasiurus cinereus 

Myotis velifer x x x x x x x x 
Myotis sp. (medium-gracile) • x x x x x 
Myotis sp. (medium-robust) • 

Pipistrellus subflavus x x 
Eptesicus fuscus • x x x x x x 

Molossidae 
Tadarida brasiliensis 

Xenarthra 
Dasypodidae 

Dasypus ? bel/us t 

Lagomorpha 
Leporidae 

Sylvilagus f/oridanus I S. audubonii x x x x x x x x x x 
Lepus ca/ifornicus ± S. aquaticus • 

Rodentia 
Sciuridae 

Spermophilus (lctidomys) sp. x x 
Spermophilus mexicanus 

Spermophi/us mexicanus 
S. tridecemlineatus • 

or 

Spermophilus spilosoma • or 
S. tridecemlineatus • 

x x 

Cynomys sp. • 

Sciurus sp. 



146 

Table 13 (con't) 2 
5 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 

0 

3 

5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 
1 
0 

3 
1 
5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

3 
4 
0 

Geomyidae 
Thomomys sp. • 

Geomys sp. • x x x 
Geomys or Thomomys 

Cratogeomys castanops • x x x 
Geomys or Cratogeomys 

Heteromyidae 
Perognathus f/avescens •or P.flavus 

Perognathus f/avescens •or P.f/avus 
or P. fasciatus • 

Chaetodipus hispidus x 
Oipodomys elator • 

Dipodomys compactus • or O.elator• 

Oipodomys compactus • or 0 .elator• 
or O.ordii 

x 

Dipodomys sp. x 
Muridae 

Sigmodontinae 
Reithrodontomys sp. 

Peromyscus sp. x x x x x x x x x 
Baiomys taylori 

Onychomys /eucogaster x x 
Sigmodon hispidus 

Neotoma sp. x x x x 
Arvicolinae 
Microtus ochrogaster • 

M. ochrogaster • or M. pinetorum • 

x 
x x x 

x 
x 

x 
x x x 

x 
x 

M. pinetorum • x 
M. pennsylvanicus •or M. montanus • 

or M. mexicanus • or M. /ongicaudus • 

Synaptomys cooperi • x x 
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Table 13 (can't) 
2 
5 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 

0 

3 

5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 

0 

3 

5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

3 
4 
0 

Zapodidae 
Zapus hudsonius • 

Carnivora 
Canidae 

Canis latrans or C. familiaris 

Canis cf. C. dirus t 

Canis lupus or rufus 

Canis lupus or C. rufus • or C.dirus t 

Vulpes vulpes 

Vulpes or Urocyon cinereoargenteus 

Ursidae 
Ursus sp. x 
Ursus americanus 

Procyonidae 
Bassariscus astutus 

Procyon lotor 

Mustelidae 
Mustela d . M. frenata 

Mustela frenata or M.erminea • 

Mephitinae 

Spilogale sp. 

Conepatus mesoleucus 
C. leuconatus • 

or 

Mephitis mephitis or M. macroura • 
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Table 13 (con't) 
2 
5 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 
1 
0 

3 
1 
5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

2 
6 
0 

2 
6 
5 

2 
7 
0 

2 
7 
5 

2 
8 
0 

2 
8 
5 

2 
9 
0 

2 
9 
5 

3 
0 
0 

3 
0 
5 

3 
1 
0 

3 
1 
5 

3 
2 
0 

3 
2 
5 

3 
3 
0 

3 
3 
5 

3 
4 
0 

Felidae 
Fe/is concolor 

Fe/is weidii • or F. yagouaroundi • 

Lynx rufus 

Panthera sp. 

Panthera leo atrox tor 
P.onca augusta t 

Panthera onca • 

Fe/is conco/or or Panthera sp. 

Perissodactyla 
Equidae 

Equus sp. (large) t 

Equus sp. (small) t 

Artiodactyla 
Tayassuidae 

Platygonus compressus t 

Tayassu tajacu 

Camelidae 
Hemiauchenia macrocepha/a t 

Cervidae 
Odocoileus sp. 

Antilocapridae 
Antilocapra americana 

Bovidae 
Bison antiquus t x 

Bison ? antiquus t 

Bison ? bison 



SYSTEMATIC PALEONTOLOGY 

Class Amphibia 

Order Caudata 

Family Ambystomatidae 

Genus Ambystoma 

Ambystoma sp. 

true mole salamanders 

Referred material: See Appendix A 

The genus Ambystoma is represented in the Hall's Cave deposits by large numbers 

of catalogued and uncatalogued specimens. Over 500 trunk and caudal vertebrae are 

among the catalogued material. Uncatalogued material includes both limb material and 

vertebrae. The Ambystoma vertebra were identified by comparison with recent material 

and using the characteristics described by Tihen (1958) . The vertebrae most closely 

resemble those of the A. tigrinum group of Tihen (1958); however, the differences 

between the various Ambystoma vertebra are slight and no sub-generic assignment is 

attempted here. 

The Ambystoma sp. remains at Hall's Cave represent an extralimital occurrence of 

the genus. Mole salamanders are distributed over much of North America south of Hudson 

Bay (Conant and Collins, 1991; Stebbins, 1966); they are absent from large portions of the 

western United States including parts of Arizona, California and all of Nevada and Oregon 

(Stebbins, 1966). Mole salamanders occur throughout almost all of Texas, but none are 

known from the Edwards Plateau (Dixon, 1987). Both A. texanum and A. tigrinum both 

found in eastern Texas west to the Balcones fault zone (Dixon, 1987). A. tigrinum is also 

found to the north, west, and south of the Edwards Plateau (Dixon, 1987). 

149 
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Ambystoma, as its common name implies, is usually a burrowing animal that lives in 

fairly moist soils and spends most of its live underground {Conant and Collins, 1991) . They 

are also found under logs, rocks and in other moist habitats. During the breeding season 

they congregates in ponds for courtship {Conant and Collins, 1991). 

Almost all of the of the vertebrae centra found at Hall's Cave have septa indicating 

that the notochords were discontinuous. This characteristic indicates that the 

overwhelming majority of the individuals represented in the Hall's Cave deposit were adult 

{non-neotenic) individuals. It is not clear whether the salamanders lived in the cave {or in its 

entrance) or were brought in by predators. 

The stratigraphic distribution of Ambystoma at Hall's Cave is interesting. It occurs 

consistently throughout a large portion of the deposit from 360 cm up to 100 cm. It also 

occurs in level 80-85 cm. Ambystoma was present in or around the cave from a projected 

>18,000 RCYBP to approximately 5000 RCYBP. In addition to its presence at Hall's Cave, 

Ambystoma remains have been identified from Mille(s Cave {Holman, 1966), the Avenue 

Site, Seminole Sink, and Schulze Cave {Parmley, 1986). 

The paleoenvironmental significance of Ambystoma depends on whether they 

inhabited the cave or were brought in by predators. If they were brought in by predators, 

their disappearance from the Hall's Cave fauna may indicate either decreasing soil moisture, 

loss of soil, or both on the Edwards Plateau. Decreasing soil moisture seems more likely 

since some burrowing animals, notably Thomomys, remained on the plateau after the 

extirpation of Ambystoma. This suggests that at least some soil still was present and that 

mammal burrows, which could be utilized as mole salamander habitat were still present in 

the area. If, on the other hand, the salamanders were inhabiting the cave, their 

disappearance probably indicates decreasing moisture conditions in the cave. An analogy 

to this can be seen with leopard frogs {Rana blairi) in the cave under modern conditions. 

During drier seasons Rana is not found in the cave, while during the wetter periods, Rana 

is common in the cave. Even if cave moisture controlled the presence of mole salamanders 

in the cave, outside conditions may also have been important in the extirpation, because 

the elimination of salamanders from the cave would not be enough if they could easily 

recolonize from outside the cave. Decreasing moisture conditions would, however, affect 

both the outside environment and the cave conditions. 
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Class Reptilia 

Order Chelonia 

Family Testudinidae 

Genus Geochelone 

Geochelone wilsoni (Milstead) 

Referred material : 41229-525 It & rt xiphiplastron and anal, Pit 1; 145-150 cm; 41229-526 

suprapygal , pygal, peripherals, Pit 1; 140-145 cm; 41229-527 peripheral , Pit 1; 140

145 cm; 41229-3503 It hyoplastron, Pit 1C; 190-195 cm; 41229 -4685 ?neural, Pit 

18; 155-160 cm; 41229-5193 It half nuchal, Pit 1C; 180-185 cm ; 41229-6297 lateral 

1/3 of a It femoral, Pit 1d; 155-160 cm; 41229-6624 It humerus, shaft, Pit 1C; 185

190 cm; 41229-6625 peripheral, Pit 1C; 205-210 cm; 41229-10595 peripheral, 

fragment , Pit 1 B; 170-175 cm; 41229-10596 carapace, fragment, Pit 1 B; 170-175 

cm; 41229-10597 carapace, fragment, Pit 1 B; 170-175 cm; 41229-10598 carapace, 

fragment, Pit 18; 170-175 cm; 41229-10599 dermal ossicle, Pit 18; 170-175 cm; 

41229-10600 ungual, Pit 18; 170-175 cm; 41229-12067 It epiplastron and 

hyoplastron, Pit 1 E; 150-155 cm; 41229-12068 plastron, fragment, Pit 1 E; 155-160 

cm, 41229-12069 It costal , Pit 1E; 155-160 cm; 41229-12070 ?costal, fragment, Pit 

1E; 155-160 cm; 41229-12075 costal, fragment , Pit 1 d; 155-160 cm 

Material referred to Geochelone ? wilsoni : 41229-10307 carapace, fragment, Pit 1C; 200

205 cm ; 41229-10585 ungual, Pit 18; 175-180 cm 

Material referred to ? Geochelone : 41229-7451 dermal ossicle, Pit 18; 205-210 cm; 

41229-10671 dermal ossicle, Pit 18; 175-180 cm 

Geochelone wilsoni is an extinct terrestrial turtle originally described from 

Friesenhahn Cave by Milstead (1956) . This species is a particularly small member of the 

genus Geochelone. The phylogenetic placement of the North American turtles called 

Geochelone is disputed (including their assignment to the genus Geochelone) (Bramble, 
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1971 cited in Preston, 1979). Preston (1979) follows Bramble's suggestion that the North 

American species be assigned to the genus Hesperotestudo. A perusal of the 

Bibliography of Fossil Vertebrates indicates that very few other workers have followed this 

suggestion. Acceptance is not a valid test for a hypothesis; however, I have followed the 

taxonomy accepted by the majority of the workers. 

The Hall's Cave material was identified by comparison with the paratype and topotype 

material from Friesenhahn Cave. The material can be identified to genus by the fact that the 

shell surface has a "dense, amorphous surface texture" and cellular internal structure 

(Preston, 1979, p. 53). The impression of the scutes on the bone are deep, but they are 

narrow and lack raised ridges (Preston, 1979). The specific identification was based on 

comparison with the type material. Features that matched included size, scute pattern and 

details of the bone shape. The material is assigned to Geochelone wilsoni with 

confidence. 

Moodie and Van Devender (1979) summarized much of what is known about the 

species. Prior to the Hall's Cave work, G. wilsoni was known from only six localities: 

Friesenhahn Cave, Lubbock Lake Site (Lubbock Co., TX), Buckner Ranch (Bee Co., TX), 

Domebo (Caddo Co., OK), Blackwater Draw, and Dry Cave (Eddy Co., NM). In addition, 

Parmley (1986) has tentatively identified it from Schulze Cave. Lundelius and others 

(1983) also list Shelter Cave (Dona Ana Co., NM), and Conkling Cave (Dona Ana Co., NM) 

as sites containing G. wilsoni ; however, Moodie and Van Devender (1979) listed only 

Gopherus agassizi from these sites. 

The G. wilsoni material at Hall's Cave is significant for two reasons. First, the Hall's 

Cave specimens appear to be the youngest dated specimens (temporally) that have been 

recovered. The stratigraphically highest specimens from Hall's Cave occur at approximately 

150 cm. This depth in the fill corresponds with an age of approximately 8000 RCYBP. The 

Dry Cave specimens date approximately 25, 160±1730 (Tx-1775) (Moodie and Van 

Devender, 1979). At Friesenhahn Cave the G. wilsoni are from units thought to date 

between 17-19,000 RCYBP. The finds from the Lubbock Lake Site (Johnson, 1987), 

Blackwater Draw (Slaughter, 1972), and Domebo (Slaughter, 1966c) come from contexts 

associated with Clovis artifacts indicating an age of ca. 11,000 RCYBP (Haynes, 1991 ). The 

age of the Buckner Ranch find is not known (Moodie and Van Devender, 1979). 



153 

There is no evidence for bioturbation to account for the stratigraphic position of the 

G. wilsoni specimens in the cave. Although it is possible that the Hall's Cave material is 

reworked, no other remains of extinct animals occur at levels as high as the G. wilsoni 

specimens. Further testing, such as directly dating some of the G. wilsoni material will be 

necessary to resolve the age question. One specimen (41229-12075) has been 

submitted to Dr. Thomas W. Stafford, Jr. (INSTAAR, University of Colorado, Boulder) for 

TAMS radiocarbon dating on amino acid fractions to address this question. 

The possible environmental significance of G. wilsoni is intriguing. Hibbard (1960) 

suggested that the presence of large terrestrial turtles indicates a lack of freezing 

temperatures in the winter. While it is true that living tortoises such as Gopherus and 

Geochelone are susceptible to injury and mortality due to exposure to sub-freezing 

temperature , they may not just die if the temperature dips to 0°C . For smaller species 

(such as G. wilsonr) behavioral adaptations such as burrowing or entering caves may permit 

survival of freezing temperatures. However, Auffenburg and Milstead ( 1965) note that the 

burrowing behavior is poorly developed in living Geochelone. 

The living species of Gopherus and Scaptochelys which inhabit the United States 

(Gopherus polyphemus, G. agassizi, and Scaptochelys berlandieri) are approximately the 

same size as Geochelone wilsoni and provide a plausible modern analog for the extinct 

tortoise. The climatic tolerance of these modern turtles is shown in Figure 25. The graph of 

mean daily lows indicates that these turtles do indeed inhabit areas that do not frequently 

fall below freezing. However, the winter mean daily lows tolerated, especially by G. agassizi, 

are low enough that below freezing temperatures certainly do occur within their range. It is 

clear the modern testudinids that inhabit the United States can tolerate at least occasional 

sub-freezing temperatures. The severity, duration, and frequency of freezes are probably 

more important than their simple occurrence. 

If the modern species of Gopherus and Scaptochelys found in the United States 

can be used as reasonable analogues for Geochelone wilsoni, it is possible to make some 

suggestions about its paleoenvironmental significance. The presence of G. wilsoni 

probably does indicate that the winter temperatures were generally mild, and that both long 

periods (several days?) of freezing temperatures and hard freezes may have been 

infrequent occurrences. However, it probably does not indicate a complete absence of 

freezing temperatures . 
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Figure 25 -- Two climatic tolerance diagrams for the U.S. ranges of Scaptochelys 
berlandieri, Gopherus polyphemus, and Gopherus agassizi. Range of S. berfandieritrom 
Dixon (1987) ; that of G. polyphemusfrom Conant and Collins (1991), and that of G. agassizi 
from Stebbins (1966). Diagram A is a diagram of the type described under Theoretical 
Concerns (mean monthly temperature and mean monthly precipitation) within the range of 
the three taxa. Diagram B was derived in a similar manner; however the temperature axis 
shows the mean daily low temperature by month. The precipitation axis is as in diagram A. 
Diagram B thus gives some indication of the normal cold tolerance of these testudinids. 
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Order Squamata 

Family lguanidae 

Genus Phrynosoma 

Phrynosoma cornutum and P. douglassi ± P. modestum 

Texas horned lizard and short-horned lizard± round-tailed horned lizard 

Material referred to P. cornutum: 41229-534 frontal, Pit 1B; 125-130 cm; 41229-590 It & rt 

frontal , Pit 1 A; 95-100 cm; 41229-626 It lateral parietal , Pit 1 A; 55-60 cm; 41229-627 

It frontal , posterior, Pit 1 A; 55-60 cm; 41229-698 parietal, Pit 1; 65-70 cm; 41229

799 parietal, anterior, Pit 1; 85-90 cm; 41229-800 jugal, anterior, Pit 1; 85-90 cm; 

41229-873 rt squamosal, Pit 1; 115-120 cm; 41229-945 parietal, w/out lateral horns, 

Pit 1; 130-135 cm; 41229-946 frontal , Pit 1; 130-135 cm; 41229-1027 frontal, Pit 1; 

65-70 cm; 41229-1028 It parietal horn, Pit 1; 65-70 cm; 41229-3786 parietal, Pit 1A; 

155-160 cm; 41229-5478 parietal, Pit 1C; 25-30 cm; 41229-5499 rt squamosal, Pit 

1B; 40-45 cm; 41229-6223 rt squamosal, Pit 1; 80-85 cm; 41229-6224 It parietal , Pit 

1; 80-85 cm; 41229-6307 It & rt frontal , Pit 1 B; 95-100 cm; 41229-6532 It frontal, Pit 

1B; 120-125 cm; 41229-7134 rt half parietal , Pit 1A; 45-50 cm; 41229-8994 It & rt 

parietal, Pit 1A; 20-25 cm; 41229-8995 It squamosal, Pit 1A; 20-25 cm; 41229

10019 parietal, Pit 1 A; 145-150 cm; 41229-10024 rt squamosal, Pit 1; 30-35 cm; 

41229-10178 rt squamosal , Pit 1C; 65-70 cm; 41229-11254 parietal horn, Pit 1 E; 

140-145 cm; 41229-11255 It & rt frontal, Pit 1 E; 140-145 cm; 41229-11257 rt 

squamosal, Pit 1 E; 140-145 cm 

Material referred to P. ct. P. cornutum : 41229-4119 rt parietal horn, Pit 1 A; 115-120 cm; 

41229-4415 It squamosal, Pit 1 B; 155-160 cm; 41229-4416 rt half parietal, Pit 1 B; 

155-160 cm; 41229-6181 squamosal horn, Pit 1 B; 130-135 cm 

Material referred to P. cornutum or P. modestum : 41229-11627 parietal horn, Pit 1 E; 105

11 O cm; 41229-12032 rt parietal , Pit 1d; 115-120 cm 
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Material referred to P. douglassi : 41229-535 parietal , w/out It paroccipital process, Pit 18; 

185-190 cm; 41229-10883 It & rt parietal, Pit 1d/E; 220-225 cm; 41229-10884 rt 

frontal, Pit 1d/E; 220-225 cm; 41229-10885 rt squamosal, Pit 1d/E; 220-225 cm; 

41229-10886 It squamosal, Pit 1 d/E; 220-225 cm; 41229-11007 rt parietal, Pit 1 d ; 

305-310 cm; 41229-11252 rt parietal, Pit 1d; 310-315 cm; 41229-11933 rt parietal, 

Pit 1 d/E; 225-230 cm 

Material referred to P. ? douglassi : 41229-10939 It & rt frontal, Pit 1 d; 300-305 cm; 41229

10940 It & rt frontal, Pit 1d; 300-305 cm; 41229-10941 rt frontal, Pit 1d; 300-305 cm; 

41229-11008 rt frontal, Pit 1d; 305-310 cm; 41229-11009 It frontal, Pit 1d; 305-310 

cm 

Material referred to P. douglassi or P. modestum : 41229-11214 It & rt frontal, Pit 1 d/E; 

205-210 cm; 41229-11215 It & rt frontal , Pit 1d/E; 205-210 cm; 41229-11216 It & rt 

frontal, fragment, Pit 1d/E; 205-21 O cm; 41229-11217 It frontal, fragment, Pit 1d/E; 

205-210 cm; 41229-11250 It & rt frontal, Pit 1d; 310-315 cm; 41229-11251 rt frontal , 

Pit 1 d; 310-315 cm; 41229-11253 It & rt frontal , Pit 1 d; 260-265 cm 

Material referred to P. sp. : 41229-1071 horn, Pit 1A; 160-165 cm; 41229-1131 parietal 

horn, Pit 18; 100-105 cm; 41229-1271 parietal horn, Pit 1A; 35-40 cm; 41229-5995 

squamosal, Pit 1 C; 235-240 cm; 41229-6875 rt squamosal, Pit 1; 15-20 cm; 41229

7132 It parietal horn, Pit 1 A; 45-50 cm; 41229-7133 squamosal horn, Pit 1 A; 45-50 

cm; 41229-7214 squamosal horn, Pit 1; 70-75 cm; 41229-7805 skull, fragment , Pit 

18; 20-25 cm; 41229-8120 rt squamosal, Pit 1; 60-65 cm; 41229-8227 basioccipital , 

basisphenoid, It & rt exoccipital, It & rt supraoccipital, Pit 1A; 5-10 cm; 41229-9058 

parietal , fragment, Pit 1 B; 80-85 cm; 41229-9242 squamosal, fragment, Pit 1; 25-30 

cm; 41229-9848 It jugal, Pit 18; 70-75 cm; 41229-9934 parietal horn, Pit 1A; 110

115 cm; 41229-10023 parietal horn, Pit 1; 30-35 cm; 41229-10126 frontal, Pit 1d; 

65-70 cm; 41229-10177 parietal horn, Pit 1C; 25-30 cm; 41229-10525 squamosal 

horn, Pit 1 ; 105-11 O cm; 41229-10970 rt squamosal, Pit 1 d/E; 215-220 cm; 41229

11010 It squamosal, Pit 1d; 305-31 O cm; 41229-11075 It & rt frontal, Pit 1d/E; 230
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235 cm; 41229-11076 It & rt frontal, Pit 1d/E; 230-235 cm; 41229-11077 It & rt 

frontal, Pit 1d/E; 230-235 cm; 41229-11078 It & rt frontal, Pit 1d/E; 230-235 cm; 

41229-11079 It squamosal, Pit 1d/E; 230-235 cm; 41229-11256 It & rt frontal, Pit 

1E; 140-145 cm; 41229-11934 It squamosal, Pit 1d/E; 225-230 cm 

Horned lizard skull fragments are a relatively common and readily identifiable group of 

reptile remains from the Hall's Cave deposits. Many of the skull bones of Phrynosoma are 

easily identified to the species level using a combination of recent skeletal material and the 

characters discussed by Presch (1969). 

Fourteen species of Phrynosoma occur in North America: P. asio, P. boucardi, P. 

braconnieri, P. cerroense, P. coronatum, P. comutum, P. ditmarsi, P. douglassi, P. m'calli, 

P. modestum, P. obiculare, P. platyrhinos, P. so/are and P. taurus. Of these P. asio, P. 

boucardi, P. braconnieri, P. cerroense, P. ditmarsi, P. obiculare, P. platyrhinos, and P. 

taurus are found in central and southern Mexico (Reeve, 1952) and are not considered to 

be likely candidates for the Hall's Cave material. In addition, P. coronatum, P. m'calli, P. 

platyrhinos, and P. so/are, which are found only west of the continental divide 

(Sherbrooke, 1981 ), were not considered in the identification of the Hall's Cave material. 

The remaining three species, P. comutum, P. douglassi, and P. modestum, were 

considered. 

The most easily identified bone is the fused parietals; this is the bone that bears the 

"horns." In P. douglassi these horns are poorly developed. All other species have well 

developed lateral horns. The presence of a median horn on the parietal is a useful 

character for separating P. cornutum from P. modestum , which lacks a median horn 

(Presch, 1969). Other bones, notably the squamosal and frontal, are somewhat less useful 

but sometimes are identifiable. 

As noted in the referred material list, two of the species: P. cornutum and P. 

douglassi, have been identified from Hall's Cave. Some material may represent a third 

species, P. modestum; however, all of that material can also be attributed to either P. 

cornutum or P. doug/assi. Based on the current Hall's Cave record, it appears that only the 

Texas horned lizard and the short-horned lizard are represented in the Hall's Cave 

deposits. The taxa have different startigraphic distributions within the deposit (see referred 

material and Table 13). 



159 

These two horned lizards have very different geographic distributions. P. cornutum 

is found throughout much of the south-central U.S. and northern Mexico (Figure 26). 

Within this range it inhabits a variety of generally open semi-arid and arid habitats. Some of 

the most common habitats they utilize include open grasslands and semi-desert grassland 

and shrub (Sherbrooke, 1981). P. douglassi is the most widely distributed of the horned 

lizards. It is found from north-central Mexico to southern Canada and from Washington to 

Kansas (Figure 26). As would be expected from its large range, P. douglassi uses a fair1y 

wide range of habitats, including shortgrass grasslands, open woodlands (including 

pinyon, aspen, pine, spruce and fir woodlands), and sagebrush shrub (Sherbrooke, 1981 ). 

Both of these horned lizards occur in Texas today. P. cornutum ranges throughout 

the state (Dixon, 1987); P. douglassi has been recorded from only four Trans-Pecos 

counties: El Paso, Hudspeth, Culberson, and Davis. In these counties it has been 

recovered from the Guadalupe Mountains, Davis Mountains, and Hueco Mountains. In the 

Guadalupe Mountains the short-homed lizard is found mainly in the evergreen and 

coniferous woodlands above 1800 m (Mecham, 1979). Applegarth (1979), in studying the 

significance of amphibians and reptiles from Guadalupe Mountain archeological sites, 

noted that P. douglassi "favors grasslands with loose soil but with cooler and wetter climatic 

conditions" (p. 165); while, P. cornutum "favors grasslands with a relatively warm climate 

and soft, sandy soil" (p. 165). 

In some ways the climatic tolerance analysis appears to contradict the association of 

P. douglassi with cooler temperatures than P. comutum . P. douglassi certainly occurs in 

places that have cooler winter temperatures than P. cornutum tolerates (Figure 27, 28). 

However, P. douglassi has an apparent range that includes areas which also experience 

fairly high summer temperatures. One of the difficulties in evaluating the tolerance for P. 

douglassi is that it occurs in many areas which have high topographic relief. If it only occurs 

in higher altitude in some of these areas and the cities used in the analysis are at lower 

altitude, the tolerance diagram will tend to over-estimate temperature tolerance. 

The change in the horned-lizards present in the vicinity at Hall's Cave (Table 13) 

could be related to rising temperatures, However, the scenario does not appear to be 

simple. Moisture changes might also cause a change in the horned-lizard species that 

would be present. However, if the climate tolerance diagrams are a correct indication, P. 

cornutum should be present under moister conditions. The fact that other portions of the 
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lIIIl Phrynosoma douglassi 

~ Phrynosoma cornutum 

Figure 26 -- The geographic ranges of P. cornutum and P. douglassi. Distributions 
based on Reeve (1952) with some modification from Sherbrooke (1981 ). 

fauna suggest that the time when P. douglassiwas present was moister than the time 

during which P. comutum is present suggests that moisture may not be the most important 

factor. The extirpation of P. douglassi from the fauna and its later replacement by P. 



• • • • • 

• •• • ••• • • • • • • 

16 1 

comutum appears to be more complex than a simple response to mean moisture or 

temperature conditions. Other factors, perhaps dietary, might be involved in the change. 
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Figure 27 -- Climatic tolerance of (A) Phrynosoma douglassi and (B) Phrynosoma 
comutum based on their ranges as shown in Figure 26. Note that the city of Tucson is 
within the shown range of P. douglassi; however, they may occur in only higher elevations 
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so the city was not included in the tolerance range. The diagrams were produced using 
the methods discussed under Climate Tolerance Analysis, above. 
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Class Aves 

Order Falconiformes 

Family Cathartidae 

Genus Coragyps 

Coragyps occidentalis (Miller) 

extinct black vulture 

Referred material: TMM 41229-3535, It humerus, distal portion, Pit 1C; 175-180 cm; 

41229-3536, rt tarsometatarsus, juvenile, Pit 1C; 175-180 cm 
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Coragyps occidentalis is an extinct black vulture characterized by a body size larger 

than the living Coragyps atratus (based on osteological measurements) but with shorter, 

stouter feet (tarsometatarsi). Most of the non- tarsometatarsal measurements have means 

about 10% larger than in the extant species. Some overlap in size between the species 

occurs, but most limb bones have some dimensions that overlap only slightly or not at all 

(Howard, 1968). 

Based on limb bone measurements on the best samples : Rancho La Brea and San 

Josecito, Howard (1968) proposed two subspecies. C. o. mexicanus, based on the San 

Josecito sample, is characterized by shorter, stouter limb elements than C. o. occidentalis, 

based on the Rancho La Brea sample. The humeri from Hall's Cave (41229-3535) and 

Friesenhahn Cave (933-1601) both compare well with C. o. occidentalis (Table 14). The 

tarsometatarsus from Hall's Cave (41229-3536) is from a juvenile individual, and so is not 

directly comparable to those in Howard's samples. However, the specimen is broader than 

the metatarsi of modem C. atratus and can readily be assigned to C. occidentalis. 

Humerus 41229- 933- C. atratus Ranch La Brea San Josecito 
measurement (mm) 3535 1601 x (Q.B.) (n=fll x (Q.R.) (n=5Q) x (Q.R.) (n=15) 
distal breadth 27.8 28 .5 24.2 (22 .5-25 .7) 27.4 (26.1 -29 .1) 26.4 (24.9-28.1) 
least shaft breadth 12.4 10.1 (9.5-10.7) 11 .5 (10.8-12 .4) 11 .5 (11 .0-12.0) 

Tarsometatarsus 41229- C. atratus Ranch La Brea San Josecito 

rneasuremeot (mml 3536 ~ (Q,B,) (D=fll ~ (Q,B) (D=f25) ~ (Q,R,) (0=22) 
length 77 .2 83.0 (76.0-86.0) 82.8 (78 .3-88.8) 79.3 (73.5-83.5) 
least shaft breadth 7.6 6.8 (6.5-7.4) 7.8 (7.0-8.6) 7.7 (6.8-8 .6) 

Table 14 -- Comparative measurements on modem C. atratus, C. o. occidentalis (from 
Rancho La Brea) and C. o. mexicanus (from San Josecito) , and Pleistocene specimens 
from Hall's Cave and Friesenhahn Cave. All measurements except those on the Hall's 
Cave and Friesenhahn Cave material are from Howard (1968) . 

Coragyps occidentalis was one of the most widely distributed and abundant of the 

extinct Pleistocene birds. Originally described from Rancho La Brea, it is known from 

localities in Florida, Nevada, New Mexico, Oregon, Texas, and Nuevo Leon, as well as 

California (Howard, 1968). In Texas it has been ident~ied from Friesenhahn Cave 

(Brodkorb, 1964). Both Hall's Cave specimens are from a level which has a interpolated age 

of approximately 10,100 to 10,600 RCYBP. 
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As noted above, the tarsometatarsus (41229-3536) from Hall's Cave is from a 

juvenile. Although the bone is fully formed and fused, the texture of the cortical bone is 

not finished. The presence of juvenile material in the cave suggests the that Coragyps 

may have nested in the cave. If this is the case, vultures might be the source of some of the 

other bone in the deposit. 

Order Cuculiformes 

Famlly Cuculidae 

Genus Geococcyx 

Geococcyx califomianus conklingi (Howard) 

Conkling's roadrunner 

Referred material: TMM 41229-3742, It humerus, proximal portion, Pit 1C; 190-195 cm; 

Conkling's Roadrunner is a large morph of the extant Geococcyx californianus. Harris 

and Crews (1983) examined the temporal and geographic pattern of occurrences of both 

G. conklingi and G. califomianus. They proposed that Conkling's roadrunner is best 

considered a geographic and temporal subspecies of G. californianus. I find their evidence 

and arguments persuasive and have followed this suggestion. 

The Hall's Cave humerus has a greatest head breadth of 13.0 mm. This is larger than 

the observed size (x= 11.2 mm, s.d.= 0.54, range 10.0-12.4 mm) of 21 specimens in the 

avian collection of the USNM. Larson (1930) found a slightly wider range for this 

measurement (10.4-13.6 mm, x=11.2, n=21) in his sample of modern birds. However, the 

largest specimen in that analysis (13.6 mm greatest head breadth) is may be significant 

outlier from the rest of the data. Larson (1930) does not provide all of his data or a standard 

deviation; however the fact that his mean is approximately the same as in my analysis and 

that his minimum value is slightly higher suggests that his distribution has a long upper tail 

(possibly only the single specimen). The reason for the large size of his largest specimen is 
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not known. The proximal end of the humerus is not preserved in the material described by 

Howard (1931), so direct comparison to the type material is not possible. 

The Hall's Cave specimen is from a level that has a projected age of between 

approximately 11 ,600 and 12, 100 RCYBP. The presence of a small carnivore canine 

puncture mark on the posterior surface of the bone indicates that the bone probably was 

brought into the cave by a small carnivore. The size of the puncture suggests weasel or 

small skunk (i.e. Spilogale) as the most likely agents. Rodent gnawing is evident on the 

broken edge of the shaft. 

The Hall's Cave occurrence is important because it is the first report of the large 

morph to the east of the Pecos River. Harris and Crews (1983) summarized the known 

distribution and key fossil occurrences. The large morph ( G. c. conklingi) was previously 

known from the Pleistocene at Shelter Cave (Dona Ana County, NM), Conkling Cave (Dona 

Ana County, NM), San Josecito Cave (Nuevo Leon, Mexico) and Dark Canyon Cave (Eddy 

County, NM) and from the Holocene from the Khulo Site (Dona Ana County, NM) and Pratt 

Cave (Culberson Co., TX). The smaller morph ( G. californianus not G.c.conkfingi) is 

present in the asphalt deposits of California (La Brea, McKittrick and Carpinteria) and in an 

interstadial (33,590±1500 RCYBP, Tx-1773) context at Dry Cave (Eddy County, NM). The 

small morph is also present in the modern environment throughout much of the 

southwestern United States and in much of Mexico (National Geographic Society, 1983). 

The small morph was observed in the area of Hall's Cave during work at the cave. 

Harris and Crews (1983) hypothesized that the size change observed for G. 

californianus during the Pleistocene and Holocene is related to climate. They suggested 

that low winter temperatures provide selection pressure for larger body size ; while, high 

summer temperatures provide selection pressure for smaller body size. The final size of a 

roadrunner population thus depends on the balance of these selection pressures. They 

proposed the following hypothesis (p. 411): 

mild winters and hot summers result in modem-sized roadrunners ( G. 
californianus califomianus); hot summers and cold winters result in modern
sized roadrunners ( G. californianus californianus); mild summers and cold 
winters result in populations with large-sized individuals ( G. californianus 
conkling1) . 
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If Harris and Crews (1983) are correct, this has implications for seasonality in central 

Texas. The presence of the larger morph (G. c. conkling1) suggests that winter 

temperatures were cool in terms of mean temperature (extreme cold period probably were 

lacking). Mean summer temperature were probably relatively mild in mean terms and the 

extremely high summer temperatures which characterize the area today probably did not 

occur. This reconstruction is consistent with the reconstructions based on non-analogous 

faunas (see Lundelius, et al., 1983 for example), increased faunal diversity (Graham, 1985) 

and paleoclimatic modeling (Kutzbach and Guetter, 1986). 

Class Mammalia 

Order Didelphimorphia 

Family Didelphidae 

Genus Didelphis 

Didelphis virginiana Linnaeus 

Virginia opossum 

Referred material: 41229-677, rt humerus diaphysis, Pit 1A; 0-5 cm; 41229-1346, rt 

humerus diaphysis, Pit 1 C; 0-5 cm; 41229-1605, rt ischium and acetabulum, Pit 1 B; 

10-15 cm; 41229-8992, It lower molar, Pit 1A; 20-25 cm; 41229-10564, rt dP3, Bear 

Pit; Mixed White Surtace Debris; 

Didelphis remains are easily distinguished from those of all other North American 

mammals. The teeth exhibit a relatively unaltered tribosphenic occlusal pattern. The post

cranial material was identified by comparison with recent skeletal specimens. All Hall's Cave 

specimens are identical to modern D. virginiana collected in central Texas. 

The geographic range of D. virginiana covers most the United States east of the 

Rockies, northern Mexico both east and west of the Sierra Madre Occidental, and southern 

Mexico to Costa Rica (Hall, 1981). It also has been introduced, and is established, along 
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the Pacific coast from San Diego to Vancouver (Hall, 1981). 0 . virginiana is common in 

central Texas today (Davis, 1974) and I have observed them on the talus pile of the cave on 

several occasions. They inhabit a wide variety of generally non-arid habitats (McManus, 

1974); however they apparently favor brushy or wooded areas (Nowak and Paradiso, 

1983). They are highly opportunistic omnivores (McManus, 1974). 

A climate tolerance diagram based on its range in the United States (Hall, 1981) is 

shown in Figure 29. Although the range of 0. virginiana extends fairly far north, 

considerable evidence suggests that the species may be limited by cold temperatures. 

Northern animals accumulate fat for the winter and become inactive during severe 

conditions (Nowak and Paradiso, 1983). Many individuals in northern area show evidence 

of frostbite damage on the extremities (McManus, 1974). 

All of the O. virginiana material from Hall's Cave is from relatively recent levels. The 

material from Composite Pit I comes from levels dating less than approximately 1500 

RCYBP. The Bear Pit specimen is from a disturbed context which also produces Late 

Pleistocene material; however, the specimen (41229-10564) has black sediment adhering 

to it, indicating that it came from the relatively young upper unit . 
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Figure 29 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for D. virginiana (geographic range from Hall , 1981 ). Diagram is truncated on 
the high precipitation end ; tolerance extends to at least 25 cm in months with around 30°C 
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mean monthly temperature. Diagram is derived by the method described under Climatic 
Tolerance Analysis above. 

The Late Pleistocene record of Didelphis in Texas is problematic. Specimens are 

known from several sites thought to be pre-Late Wisconsin glacial maximum, including 

Ingleside (Lundelius, 1972a), Moore Pit and associated Trinity River sites (Slaughter, 

1966b; Slaughter, et al., 1962) and Laubach 3 (Lundelius, 1985). The only record from 

northwestern Texas is an articulated specimen from Howard Ranch (Dalquest, 1965). That 

specimen is now thought to probably be intrusive (Dalquest and Schultz, 1992). 

Opossums apparently are absent from Pleistocene deposits known to be less than 

20,000 RCYBP and from Holocene deposits greater than 5000 RCYBP. They are 

recorded from Laubach 2 (Lundelius, 1985), but the two specimens from Laubach 2 may 

not date to the time of deposition of Laubach 2. One specimen (TMM 40722-173) is a 

surface find from the cone; the preservation of the other specimen (TMM 40722-57) differs 

from that of most of the Laubach 2 material. D. virginiana remains also are known from 

several undated contexts and from contexts that could be either Pleistocene or Holocene. 

Contexts of these types include Levi Shelter (zone 1 ), Morhiss Mound, Victoria County, 

(TMM 30839) and Boatwright Pit, Henderson County, (TMM 30907). Several sites, 

including Hall's Cave, Schulze Cave and Friesenhahn Cave, contain D. virginiana remains 

in late Holocene units but lack them in the underlying Late Pleistocene units . 

In contrast to its absence in Late Pleistocene through middle Holocene contexts, D. 

virginiana remains are quite common in late Holocene deposits. A summary of the 

Holocene contexts in which Didelphis has been identified is shown in Table 15. The 

earliest post-glacial occurrences of Didelphis in Texas are apparently the records from the 

Barton Road Site (non-cultural unit) (Lundelius, 1967) and Schulze Cave (unit B) (Dalquest, 

et al, 1969). Both date to approximately 3500 RCYBP (Barton Road - 3450±150; Schulze 

Cave - 3826±208). After approximately 2500 RCYBP possums are common in Texas 

deposits (both archeological and paleontogical) 

Based on the pattern of finds and the lack of remains in key deposits, it can be 

hypothesized that D. virginiana was present in at least central and south Texas prior to the 

last glacial maximum. but were extirpated from the area by environmental conditions of the 

last glacial maximum. The apparent absence of opossums from San Josecito Cave (Nuevo 
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Leon, Mexico) (Hibbard, 1958; Kurten and Anderson, 1980) suggests that it may have 

been displaced considerably south. Opossums do not seem to have returned to Texas 

until approximately 4000 RCYBP. By approximately 2500 RCYBP it was an established 

and apparently common member of the fauna. 

The ecological reason for this biogeographical pattern is unclear. The wide 

ecological tolerances of modern D. virginiana make it impossible to determine what factors 

are key in limiting their distribution. One factor that might have contributed to their 

extirpation during Late Wisconsin full-glacial conditions is low temperatures (in some guise). 

This idea would be consistent with their extirpation during full glacial conditions. However, 

this explanation does not explain why they did not return to Texas more rapidly after the 

end of glaciation. The presence of other forms whose ranges extend less far north (Myotis 

velifer and Sigmodon hispidus, for example) in faunas that lack opossums makes this 

argument difficult to defend. Unfortunately, I cannot think of any good reason why they are 

not found in Texas sooner. 

SleNam:l Couflt ooe (BQYBPl Refei:e~ 

Hall's Cave Kerr <=1500 This study 
Schulze Cave Edwards 3000-5000 Dalquest and others, 1969 
Friesenhahn Cave Bexar <300 Graham, 1976, 1987 
Barton Road Site Travis 1000-4000 Lundelius , 1967 
Rattlesnake Cave Kinney Surface? TMM collection 
Bering Sinkhole Kerr <800 Bement, 1992 
Manton Miller Delta <2000 TMM collection 
T.M . Sanders Site Lamar 1200-700 TMM collection 
Smith Rockshelter Travis <1400 Suhm, 1957 
Sheep Shelter Hill <4000 TMM collection 
Don Williams Cave Hays unknown TMM collection 
Welder Wildlife Refuge San Patricio unknown TMM collection 

41MC296 McMullen 1800-2150 Steele and Hunter, 1986 
41LK201 Live Oak =300 Steele, 1986a 

Hinojosa Site ( 41 JW8) Jim Wells =400 -700 Steele, 1986b 

41 AU36 Austin =2400-1500 Lord, 1981 
41 AU37 Austin <1400 Lord , 1981 

41AU38 Austin <2500 Lord , 1981 

41TG91 Tom Green 300-present Creel , 1990 

Hind's Cave Val Verde unknown Lord , 1984 

Table 15 -- Some of the Holocene sites that contain D. virginiana from Texas. 
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Order lnsectivora 

Family Soricidae 

Soricids are one of the most important mammalian groups in the analysis of the Hall's 

Cave fauna because they are diverse and abundant in the fauna, are relatively easily 

identified, and are environmentally informative. For these reasons the soricids from the 

fauna are one of the groups that have been preferentially identified. 

Four genera of soricids have been identified from the Hall's Cave deposits: Blarina, 

Sorex, Cryptotis and Notiosorex. These genera and the species within them have been 

identified on the basis of cranial and dental characters . These characters are discussed 

under the individual genera. Nomenclature of the tooth count follows Repenning (1967) . 

In this system teeth are divided into the soricid incisor, the ante-molars (including both 

unicuspids and the P4) and molars. The system avoids the problem of the homology of the 

unicuspids. 

Genus Sorex 

Sorex cinereus Kerr IS. haydeni Baird ± S. longirostris Bachman 

masked shrew I Hayden's shrew ± southeastern shrew 

Material referred to Sorex cinereus IS. haydeni : 41229-2727 rt maxilla, anterior w/ P4, Pit 

1 C; 255-260 cm; 41229-5778 rostrum w/ It P4-M2, rt P4-M1, East Half of Composite 

Pit I; 220-230 cm; 41229-5785 It maxilla, w/ 12, P2, P4-M3, East Half of Composite 

Pit I; 220-230 cm; 41229-5847 It maxilla, w/ P3, East Half of Composite Pit I; 220

230 cm; 41229-5993 It maxilla, w/ 11-2, C-M2, Pit 1C; 235-240 cm; 41229-11053 It 

maxilla, w/ P4-M2, Pit 1d/E; 230-235 cm; 

Material referred to Sorex cinereus IS. haydeni ± S. longirostris : 41229-521 It mandible w/ 

11-M2, Pit 1B; 190-195 cm; 41229-2732 rt mandible w/ 11 , P4-M3, Pit 1C; 250-255 

cm; 41229-3805 It mandible , w/ M2-3, Pit 1C; 220-225 cm; 41229-10877 It 

mandible, w/ 11, P4-M2, Pit 1d; 255-260 cm; 
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The genus Sorex has distinctive maxillae and mandibles. The maxillary dental 

formula for both Sorex and Blarina is 1-1 , AM-6, M-3. However, the large size of Blarina 

maxillae easily distinguishes them from those of Sorex. The mandibular dental formula is 1

1, AM-2, M-3 is the same as all other North American soricids (Nowak and Paradiso, 1983). 

The articular facets of the mandibular condyle are continuous, with no concavity between 

the lower and upper facets. The internal temporal fossa is a large, deep, open triangle, 

which is not divided into separate ventral and dorsal areas. The teeth are usually well 

pigmented. At least 34 species of Sorex occur in North America in a variety of habitats. The 

genus is most diverse at higher latitudes and at higher altitudes in lower latitudes. 

It can be difficult to distinguish among the various species within the genus on the 

basis of skeletal features. Junge and Hoffmann ( 1981) provided a key to the skulls of most 

North American species of Sorex. Skull material at Hall's Cave was identified using this key 

and comparison with modern specimens. The mandibles were identified based on Junge 

and Hoffmann (1981) , other literature sources (noted below) and on the basis of 

comparison with modern specimens. In addition, many important biogeographic 

assumptions were made in identifying the Sorex material. The material was not compared 

with all 34 species of North American Sorex, but only with most of the geographically 

proximate species and species that have been previously identified from the Texas 

Pleistocene. These include S. arcticus, S. cinereus, S. haydeni, S. hoyi, S. longirostris, S. 

merriami, S. monticolus, S. nanus, and S. palustris. Several of the Central American 

species, i.e. S. saussurei and S. milleri, are geographically proximate but are not well 

enough known for comparison. Dalquest and others (1969) identified S. vagrans from 

Schulze Cave. Subsequent to their analysis the taxon that they identified as S. vagrans 

was split into several species (Hennings and Hoffman, 1977). S. vagrans (sensu Hennings 

and Hoffman, 1977) is limited to portions of the northwestern United States; S. monticolus 

is the geographically most likely member of the S. vagrans complex to occur in Texas 

during the Pleistocene and was the member of that complex to which the Hall's Cave 

material was compared. Although the Hall's Cave material was not directly compared to S. 

bendirii, and S. preblei, both can be eliminated based on size. Many other species can be 

eliminated based on the fact that they are not members of the subgenus Otiosorex , the 

subgenus to which the Hall's Cave material can be assigned. 
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Characters which distinguish the subgenus Otiosorex from the subgenus 

Microsorex include the following. In Microsorex only three unicuspids are visible on the 

lateral aspect; in Otiosorex four or five unicuspids are visible (Junge and Hoffmann, 1981 ). 

In Microsorexthe 11 has a relatively well developed and long medial tine compared to 

Otiosorex (Junge and Hoffmann, 1981 ). In S. hoyi (Guilday, 1962), the only member of the 

subgenus Microsorex, the entoconids of the lower molars are reduced compared to their 

condition in Otiosorex. In addition, most of the species of the subgenus Otiosorex are 

larger than S. hoyi (Junge and Hoffmann, 1981). 

The subgenus Sorex can be distinguished from Otiosorex based on both 

mandibular and maxillary characters. Mandibles of shrews of the subgenus Sorex have 

well-developed post-mandibular foramen. This foramen is absent or poorly developed in 

Otiosorex mandibles. The upper unicuspids have a pigmented ridge running from the 

labial side to the lingual side in Otiosorex, this ridge is lacking in the subgenus Sorex. 

All of the Sorex mandibles from Hall's Cave are too large for the subgenus Microsorex 

(S. hoyi). None of the mandibles have a post-mandibular foramen. For these reasons all 

can be assigned to the subgenus Otiosorex. The maxillae are more problematic. All have 

four or five unicuspids visible from the lateral side (or would based on the alveoli). This 

indicates that none belong to the subgenus Microsorex. One maxilla (41229-5993) has 

unicuspids with a pigmented ridge on the lingual face indicating that it is from a shrew of the 

subgenus Otiosorex. The other maxillae either lack unicuspids (41229-2727, 41229

5778, 41229-584 7, 41229-11053) or are so worn that the pigment is largely missing 

(41229-5785). However, none are large enough to be S. arcticus, or have the broad 

palate characteristic of S. merriami (the two geographically proximate shrews of subgenus 

Sorex). For these reasons the Hall's Cave material is assigned to the subgenus Otiosorex. 

Within the subgenus Otiosorex the relative sizes of the third and fourth unicuspids 

serves to distinguish maxillae of species of the S. cinereus group (and S. fumeus which 

was not considered in this analysis) from those of the other members of the genus. In the 

S. cinereus group the third unicuspid is usually distinctly larger than the fourth (Junge and 

Hoffmann, 1981 ). This is the case in the two Hall's Cave maxillae that have these 

unicuspids preserved (41229-5785 and 41229-5993) . In each of the other maxillae 

(41229-2727, 41229-5778, 41229-5847, 41229-11053) the alveolus for unicuspid three 

is distinctly larger than that for unicuspid four suggesting a similar size relationship for the 
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teeth. Of the species considered likely for the Hall's Cave material only S. cinereus and S. 

haydeni are members of the S. cinereus species group. 

I have not been successful in applying either the discriminant functions or univariate 

differences described by Van Zyll De Jong (1980) to distinguish maxillae of S. cinereus 

and S. haydeni. There are several reasons for this. First, none of the Hall's Cave skull 

material is complete enough for discriminant analysis. Second, it is not clear that these 

functions and univariate differences are valid for any area other than the contact zone 

between the species in central Canada. In fact, S. cinereus is an extremely variable 

species with a wide geographic range (Junge and Hoffmann, 1981). For this reason, the 

Hall's Cave maxillae are identified as S. cinereus I 5. haydeni. 

The identification of the mandibles is more problematic. The shrews of the 

subgenus Sorex, S. arcticus and S. merriami, and Microsorex, S. hoyi can be eliminated (as 

discussed above). The size of the Hall's Cave mandibles can be used to eliminate S. nanus 

(smaller than the Hall's Cave material) and S. palustris (larger). As Dalquest and others 

(1969) noted, the mandibles of S. monticolus (identified as S. vagrans) are longer and 

more massive than those of S. cinereus. Modern specimens of S. monticolus are 

considerable larger and more heavily built than the Hall's Cave specimens. 

It may not be possible to differentiate isolated mandibles of S. cinereus, S. haydeni, 

and S. longirostris. In discussing the identification of S. cinereus and S. longirostris, 

Guilday (1962, p. 96) noted that "Apart from a slightly smaller average size, its [S. 

longirostris 's] mandible is indistinguishable from that of S. cinereus." He did not indicate 

what measure he is using, but his key includes both dentary length and condyle width. The 

lower incisor is also relatively smaller (French, 1980). Unfortunately, these differences are 

also part of the suite of differences used to distinguish S. haydeni from S. cinereus (Van 

Zyll De Jong, 1980). Klippel and Parmalee (1982) indicated that they were unable to 

separate S. longirostris from S. cinereus in deposits at Cheek Bend Cave. The only other 

mandibular character that may be of use is tooth pigmentation; the teeth of S. longirostris 

are more lightly pigmented than those of S. cinereus (French, 1980). Three of the Hall's 

Cave mandibles (41229-2732, 41229-3805, and 41229-10877) have fairly extensive dark 

red pigmentation. The fourth (41229-521) has only light yellowish pigmentation ; however 

the teeth on this mandible have the most extensive wear. It is interesting to compare the 

size of the Hall's Cave mandibles to S. cinereus and S. haydeni from Alberta, Manitoba and 
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Saskatchewan (van Zyll de Jong, 1980) (Table 16). The measurements suggest that the 

Hall's Cave shrews are on the small side and have somewhat different proportions from the 

Canadian ones. 

The identification of the Halls Cave Sorex material can be summarized as follows: S. 

cinereus and/or S. haydeni are present in the deposit based on 5 maxillae and one palate 

(listed above). It seems reasonable to assume that most of the mandibles probably belong 

to the same taxa as the skull material. This is especially the case for the mandibles with well 

pigmented teeth which were found in the same stratigraphic levels as the maxillae and 

palate (41229-2732, 41229-3805, and 41229-10877). The fourth mandible (41229-521) 

is the most difficult. Both S. cinereus IS. haydeni and S. longirostris are reasonable 

candidates for the identifications for this specimen. 

Measurement S. cinereus S. haydeni 41229 41229 41229 41229 
llTTT1 QB. Q.R. ·52l -2Z;J2 -;3605 -1Q67Z 
mandible length 7.20-8.01 7.10-7.70 7.23 7.37 7.16 6.89 
coronoid height 3.08-3.40 3.20-3.49 3.23 ---- 3.38 3.10 
coronoid-condyle length 2.16-2.47 2.30-2 .62 2.34 ---- 2.34 2.20 
condylar depth 1.50-1.75 1.55-1.80 1.59 1.79 1.62 1.57 
lower condyle width 0.77-0.96 0.90-1 .14 0.90 1.01 1.03 1.03 

upper condyle width 0.59-0.73 0.60 -0.80 0.56 0.77 0.57 0.65 
unworn 11 length 3.00-3.35 2.80-3.06 ---- ---- ---- 2.82 

#pigment fields on 11 3 2 3 
Table 16 - Mandibular measurements of S. cinereus and S. haydeni from van Zyll de 
Jong (1980) and of Hall's cave specimens. 

The geographic distributions of the three species of Sorex are shown in Figure 30. 

Sorex cinereus has a boreo-cordilleran distribution and is found throughout the northern 

half of North America except for the area of the northern plains (Junge and Hoffman, 1981 ), 

where it is replaced by S. haydeni (Junge and Hoffman, 1981). The southeastern shrew, 

as the name implies is found in the southeastern United States as far north as Maryland and 

central Illinois and as far west as extreme eastern Arkansas (Junge and Hoffmann, 1981 ). 

The climatic tolerances of S. cinereus IS. haydeni (combined) and Sorex longirostris are 

shown Figure 31 . 

In terms of discussing environmental preferences the use of the combined S. 

cinereus I S. haydeni is not a problem. Prior to its elevation to specific rank (based on the 
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work of van Zyll de Jong, 1980), S. haydeni was treated as a subspecies of S. cinereus. 

For this reason, studies before 1980 (and some after, e.g. Jones, et al., 1985) did not 

separate them, and thus it is often unclear whether the data apply to one or both taxa. 

The ecology of S. cinereus I S. haydeni has been fairly well characterized. The 

summary here is based on a variety of sources. In most cases the species have not been 

separated and the conclusions are taken apply to both species. In cases where the 

conclusions only apply to one of the species this is noted. Habitats used by S. cinereus I 

S. haydeni include coniferous forest, mixed and deciduous forests, tundra, woodlands, 

and grasslands (Junge and Hoffmann, 1980). Where they are found together in central 

Canada, S. cinereus is found in wooded habitats and, S. haydeni is found in grassy 

habitats (van Zyll de Jong, 1980). However, they co-occur in fairly large areas of Iowa and in 

portions of Minnesota, North and South Dakota (van Zyll de Jong, 1989); this may 

complicate the simple grass - woodland dichotomy. In the plains states these species are 

found mainly in marshy areas, grassy bogs and riparian habitats (Jones, et al., 1985). Like 

most shrews they probably are a common prey of small avian and mammalian carnivores. 

S. longirostris is fairly common in a variety of environmental situations throughout the 

southeastern United States French (1980) summarized the information available on them; 

the discussion here is based on that summary. It usually is associated with fairly moist 

habitats with heavy ground cover, often grass, sedges, forbs, or decaying leaves. 

Southeastern shrews often are found around marshes, swamps and in riparian habitats; 

they also are captured in upland grassy areas, old fields and in various types of woodlands. 

A variety of avian, mammalian and reptilian predators have been reported. Owls ( Strix varia 

and Tyto alba) and ducks (Lophodytes cucullatus) are avian predators that have been 

reported. Mammalian predators include Fe/is catus and Didelphis virginana. The 

cottonmouth (Agkistrodon piscivorus) has also been reported to eat them. 
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Figure 31 -- The tolerance region for (A) combined Sorex cinereus and S. haydeni and 
(B) S. longirostris (ranges follows Junge and Hoffmann, 1981) each also shows the climate 
of Kerrville, TX. Both were derived using the methods described under Climatic Tolerance 
Analysis above. The tolerance diagrams shown above are artificially truncated at a maximum 
monthly precipitation of 20 cm. The actual tolerance extends to at least 50 cm monthly in 
some areas for S. cinereus and 25 cm for S. longirostris. 
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Sorex has one of the most intriguing stratigraphic distributions in the cave deposits. 

Nine of the ten identified specimens, including all those that can be identified as s. 
cinereus I S. haydeni, were found between 220 and 260 cm. The projected ages tor 

these levels are between 14,500 and 18,500 RCYBP. They appear to be fairly 

continuously present {or at least well represented) in these levels. One mandible (S. 

cinereus IS. haydeni or S. longirostris) is known from Pit 1 B; 190-195 cm (41229-521 ). 

The projected age for this level is 11,600 and 12,100 RCYBP. The lack of long-tailed 

shrew remains between 195 and 220 cm is interesting. Although few small shrew 

specimens occur in this interval, they are all Cryptotis parva. It is possible that the absence 

of Sorex in the interval is not significant; however, it may indicate that Sorex was not 

present in the area between approximately 14,500 and 12,100 RCYBP. The lack of long

tailed shrew specimens above 190 cm is interpreted to indicate a lack of Sorex in the area. 

Below 260 cm no small shrew specimens have been recovered at all; it seems unlikely that 

Sorex, Cryptotis and Notiosorexwere all absent from central Texas prior to 18,500 RCYBP. 

Some unidentified taphonomic factor seems more plausible. For this reason, it is not yet 

possible to evaluate the presence or absence of Sorex before approximately 18,500 

RCYBP {projected). 

One intriguing possibility is that S. cinereus I S. haydeni occurred in Texas between 

14,500 and 18,500 RCYBP, but the specimen from level 190-195 cm {approximately 

11,600 to 12, 100 RCYBP) represents S. longirostris. In the Hall's Cave deposit 

Synaptomys cooperi has a stratigraphic distribution which parallels that of Sorex. 

Increased temperature was probably the primary factor in extirpation of S. cinereus I S. 

haydeni and possibly also Synaptomys cooperi at about 14,500 RCYBP {see discussion 

below). If increased moisture around 12,000 RCYBP allowed Synaptomys cooperi to 

expand into the area, Sorex longirostris might have entered the area with it. The presence 

of the southeastern shrew would not indicate temperatures different from modern. 

Sorex cinereus previously has been identified from two other sites in central Texas : 

Cave Without A Name and Schulze Cave. Both were identified before S. haydeni was 

elevated to specific rank. The material identified from Cave Without A Name consists 

entirely of mandibles. These mandibles, as per the above discussion, probably should be 

referred to S. cinereus, S. haydeni or S. longirostris. At Schulze Cave two skulls and 
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fourteen mandibles were present. The skulls are potentially identifiable to species (or at 

least to S. cinereus IS. haydeni ). Dalquest and others (1969) did not indicate the criteria 

used to identify the skulls to species; however, if the fourth unicuspid was larger than the 

third it seems likely that the specimens would have been identified as S. vagrans (also 

identified from the site). The mandibles are probably not identifiable beyond S. cinereus 

IS. haydeni or S. longirostris. 

The Hall's Cave record combined with the other records indicates that Sorex 

cinereus IS. haydeni and possibly S. longirostris occurred in central Texas during the late 

Pleistocene. Unfortunately, neither Cave Without A Name nor Schulze Cave has reliable 

dates with which to evaluate the timing of these species' presence. The Hall's Cave record 

provides a hypothesis concerning the timing of its extirpation. Sorex cinereus I S. haydeni 

occurs in the area from at least 18,000 RCYBP to 14,500 RCYBP. At this time they may 

have been extirpated from the area. For a short time around 11,800 RCYBP either S. 

cinereus I S. haydeni or S. longirostris returned to the area. After about 11,500 RCYBP no 

shrews of the genus Sorex are present in the area. 

The presence of either S. cinereus I S. haydeni or S. longirostris indicates that the 

area around the cave contained moist areas with fairly dense ground cover. Based on the 

other elements of the fauna, these areas probably represent prairie wetlands, such as 

stream sides or pothole wetlands, which had dense grasses or sedges. These probably 

are the same habitats utilized by Synaptomys and Zapus (see below). 

Masked and Hayden's shrews in central Texas deposits also suggests lower 

temperatures than the present day conditions. Analysis of its climatic tolerance (Figure 32) 

indicates that the summer temperature in central Texas would have been at least 

approximately 2°c lower for the presence of S. cinereus or S. haydeni. This estimate is not 

very sensitive to precipitation changes. Interestingly, the modern winter temperatures in 

central Texas are approximately 7 to 9°C higher than are encountered by S. cinereus IS. 

haydeni within its current range (Figure 32) if winter precipitation was like modern central 

Texas. If winter precipitation was higher (3-4 cm per month), the modern central Texas 

temperature is only 3 to 5°C higher than within the modern range. 
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Figure 32 -- Winter (December, January, February) (A) and Summer (June, July, August) 
(B) climatic tolerance of S. cinereus I S. haydeni. The tolerances are the same as shown 
above in Figure 31 a; however only a subset of the data is shown in each case. Like the 
total tolerance graph shown above, each of these is truncated at the high precipitation end. 
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In order to evaluate the temperature reconstruction of 5°C cooler mean annual 

ground (and air) temperature derived based on noble gas content of ground water (Stute, 

et al., 1992), I constructed a mean annual condition tolerance polygon for Sorex cinereus 

IS. haydeni. This was done in the same manner as the other tolerance polygons, but mean 

annual temperatures and precipitations at the localities were used instead of monthly 

conditions. This analysis is plagued by all the problems discussed under the Climatic 

Tolerance Analysis section above. However, it does, at least, provide a test concerning the 

magnitude of change. The results of this analysis are shown in figure 33. A five degree 

decrease in mean annual temperature is reasonable based on the presence of Sorex 

cinereus IS. haydeni. If precipitation were higher in the Late Pleistocene, a slightly lower 

temperature decrease would also suffice. This analysis indicates that the presence of 

Sorex cinereus IS. haydeni is consistent with the 5°C mean annual temperature decrease 

reconstructed by Stute and others ( 1992) for full glacial times. 

Mean Annual T and P in S. cinereus and S. haydeni Range 
........ 200 .......~~~~~~~~~~~~~~~~~~~~~~~----. 
E 
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c • modern Kerrville.2- 150 
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Figure 33 -- Mean annual condition climatic tolerance diagram (mean annual temperature 
vs. mean annual precipitation) for Sorex cinereus and S. haydeni (geographic range as in 
Hall, 1981). Diagram is derived as described above. 
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Genus Blarina 

Blarina carolinensis (Bachman) sensu Graham and Semken, 1976 

short-tailed shrew 

Referred Material: See Appendix A 

Blarina is the largest of the North American shrews and can be distinguished from 

the other genera by the large size and robustness of its maxillae, mandibles, and even 

isolated teeth. As a practical matter, the large size of Blarina makes it almost impossible to 

confuse with any other North American shrew genus. 

The species level taxonomy of the living 8/arina and the paleontological application 

of it are quite confused. Hall ( 1981) recognized two species: B. brevicauda and B. 

telmalestes. Three species, B. brevicauda (including B. b. telmalestes ), B. carolinensis, 

and 8. hylophaga, are recognized by both George and others (1986) and Jones and 

others (1984). Jones and others (1984) use canonical analysis of variation of modern 

material to distinguished five groups which they equate to five taxa: B. brevicauda 

(brevicauda semispecies), 8. brevicauda (talpoides semispecies) , 8. carolinensis, B. c. 

peninsulae, and B. hylophaga. The analyses were based on 8 maxillary tooth or 5 

mandibular tooth measurements. These five morphs can also be identified in 

paleontological samples (Jones, et al., 1984). Graham and Semken (1976) also made a 

statistical study of the genus. Using three mandibular measurements they divided late 

Pleistocene 8/arina into three phena which they equated with three living subspecies 

(following Hall, 1981): 8. brevicauda brevicauda , 8. b. kirtlandi, and 8 . b. carolinensis . 

The Graham and Semken ( 1976) use of 8 . b. carolinensis is the same as that of Hall ( 1981). 

Approximate equivalencies between the phena Graham and Semken (1976) and 

morphs Jones and others (1984) are shown in Table 17. Graham and Semken (1976) did 

not include the northeastern United States and eastern Canadian subspecies in their 

analysis. Jones and others (1984), unlike Hall (1981) and Graham and Semken (1976), 

separate B. hylophaga from B. carolinensis. and assign several populations of Blarina from 

Kentucky, southern Indiana, and Tennessee to the smaller subspecies of 8/arina 

brevicauda rather than to B. carolinensis. 
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Graham and Semken ( 1976) Jones and others ( 1984) 

8. brevicauda brevicauda 

8. b. kirtlandi 

8. b. carotinensis 

8. brevicauda (brevicauda semispecies) (in part) 

8. brevicauda (talpoides semispecies) (in part) 

8 . carolinensis (in part ) and 8 . hylophaga 

Table 17 -- Approximate taxonomic equivalencies in the analyses of 8/arina systematics 
of Graham and Semken (1976) and Jones and others (1984). 

Because the statistical analysis suggested by Graham and Semken (1976) is more 

easily applied to paleontological samples, I have chosen to use it to identify the Hall's Cave 

material. The method uses only three easily measurable dimensions: mandibular condyle 

width (MCW), mandibular body depth (MBD), and the length M1 to M3 (MRL). The 

"mandibular index" (7 MBD + 6 MCW) (Semken and Graham, 1976), or bivariate plots of the 

variables (Graham, 1990, personal communication) are used to identify the phena. I have 

used the Graham and Semken (1976) criteria for identification; however, because 

adequate evidence supports the recognition of 8. carolinensis as a species (Jones, et al., 

1984), I have used this rank for the Graham and Semken (1976) phenon. 

Table 18 contains measurements on 49 Blarina mandibles from Hall's Cave. Because 

the Mandibular Linear Indices are all less than 36, the specimens can all be assigned to the 

phenon 8/arina carolinensis (sensu Graham and Semken (1976)). The presence of only 

one phenon at the cave allows me to tentatively assign all of the 8/arina material to this 

phenon. 

The presence of 8/arina caro/inensis (sensu Graham and Semken (1976)) at Hall's 

Cave is consistent with previous investigations. It is the only phenon which Graham and 

Semken (1976) found from Cave Without A Name. Friesenhahn Cave also contains only 

this phenon (Graham, 1976). The only taxon identified from the Barton Road Site, Cave 

Without A Name, Felton Cave, Friesenhahn Cave, and Longhorn Cavern is 8 . carolinensis 

(Jones, et al., 1984). Both 8. carolinensis and 8. hylophaga are tentatively identified at 

Miller's Cave (Jones, et al., 1984). Only 8 . hylophaga is tentatively identified from Schulze 

Cave (Jones, et al., 1984). Because they treated 8 . hylophaga as a portion of 8/arina 

brevicauda carolinensis, the presence of 8. hylophaga would not be detected by the 

method of Graham and Semken (1976). 
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Table 18 -- Mandibular measurements used to identify Blarina phena. Measurements 
and Mandibular Linear Index follow Graham and Semken (1976) . Abbreviat ions are as 
follows: MCW - Mandibular Condyle Width ; MBD - Mandibular Body Depth ; and MRL - M1 

M3 length. 

Specimen Mandible 
Number Provenience MCW MBD MRL Linear Index 

TMM41229 Imm) (O'.IJJ) (mm) (2MQW±7M61:2l 
452 Bear Pit ; Black Dirt 3.11 2.01 4.79 32 .73 
538 Pit 18; 190-195 cm 3.14 1.98 4.59 32 .70 

1215 Pit 1B; 175-180 cm 3.08 1.70 30 .38 
1247 Pit 1 B; 195-200 cm 1.78 4.16 
2782 Pit 1C; 210-220 cm 3.32 1.95 4.94 33 .57 
2834 Pit 1 C; 195-200 cm 3.44 1.97 4.72 34 .43 
3364 Pit 1 C; 230-235 cm 3.44 1.97 4.65 34.43 
3804 Pit 1 C; 220-225 cm 3.37 1.87 33 .31 
4021 Pit 1 C; 245-250 cm 1.73 4.55 
4053 Pit 1C; 215-220 cm 3.34 1.81 4.77 32 .7 1 
4054 Pit 1C; 215-220 cm 1.84 4.59 
4055 Pit 1C; 215-220 cm 3.19 2.02 4.56 33.28 
5160 Pit 1C; 180-185 cm 3.04 1.70 4.44 30 .14 
5210 Pit 1C; 195-190 cm 3.11 2.01 4.50 32 .73 
6063 Pit 1C; 220-225 cm 3.44 1.92 4.89 34.08 
6239 Pit 1 ; 100-105 cm 3.34 1.99 4.49 33 .97 
6851 Pit 1 A; 155-160 cm 3.18 1.74 4.41 31 .26 
6852 Pit 1A; 155-160 cm 3.04 1.81 4.42 30 .91 
6853 Pit 1A; 155-160 cm 3.18 1.88 32 .24 
6854 Pit 1A; 155-160 cm 3.43 2.04 34.86 
6935 Pit 1C; 205-210 cm 3.42 1.99 34 .45 
7031 Pit 1A; 150-155 cm 3.16 1.82 3 1.70 
7034 Pit 1 ; 115-120 cm 3.33 2.09 4.42 34 .61 
8098 Pit 1 C; 225-230 cm 3.52 2.09 4.65 35 .75 
90 17 Pit 1C; 215-220 cm 3.47 2.10 4.61 35 .52 
9088 Pit 1C; 145-150 cm 3.24 2.02 4.57 33 .58 
9090 Pit 1C; 145-150 cm 2.99 1.87 4.62 3 1.03 
9091 Pit 1C; 145-150 cm 3.02 1.72 4.46 30 .16 
9092 Pit 1C; 145-150 cm 3.37 1.90 4.68 33 .52 

9093 Pit 1C; 145-150 cm 3.31 1.84 4.32 32 .74 

9094 Pit 1C; 145-150 cm 3.10 1.85 4.67 31 .55 

9095 Pit 1C; 145-150 cm 2.63 1.85 4.19 28.73 
9096 Pit 1C; 145-150 cm 3.21 1.95 4.36 32 .9 1 
9097 Pit 1C; 145-150 cm 3.29 2.09 34 .37 

9098 Pit 1C; 145-150 cm 3.20 2.02 33 .34 
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Table 18 (con't.) 

9099 Pit 1C; 145-150 cm 3.01 1.78 30.52 
9101 Pit 1C; 145-150 cm 3.19 1.91 4.28 32 .51 

11413 Pit 1 d/E; 230-235 cm 3.05 1.92 4.76 31 .74 
11531 Pit 1d/E; 230-235 cm 3.46 2.04 35.04 
11532 Pit 1d/E; 230-235 cm 3.16 1.93 32 .47 
11533 Pit 1 d/E; 230-235 cm 3.34 2.11 4.64 34.81 
11534 Pit 1 d/E; 230-235 cm 3.12 1.86 31 .74 
11535 Pit 1d/E; 230-235 cm 3.20 1.93 32 .71 
11536 Pit 1d/E; 230-235 cm 2.94 1.90 30 .94 
11537 Pit 1d/E; 230-235 cm 3.38 1.84 33.16 
11538 Pit 1d/E; 230-235 cm 3.27 1.88 32.78 
11539 Pit 1d/E; 230-235 cm 2.64 1.68 4.62 27.60 
11540 Pit 1d/E; 230-235 cm 3.20 2.02 4.98 33 .34 
11541 Pit 1d/E; 230-235 cm 3.36 1.99 4.70 34.09 
11651 Pit 1E; 120-125 cm 3.10 1.97 4.63 32 .87 

Hall's Cave 8/arina specimens collected by Roth (Klein Cave) and Collins ( 1) (Hall's 

Cave) were analyzed by Jones and others (1984). One specimen from the Black Dirt of the 

Bear Pit ( 41229-452) was analyzed. Although its measurements fell within the range of 

both 8. carolinensis and 8. hylophaga, Jones and others (1984) tentatively assigned the 

specimen to 8. carolinensis because it was closer to the centroid for this taxon . This is 

consistent with my assignment of the specimen to 8. b. carolinensis using the method of 

Graham and Semken (1976). The Klein Cave 8/arina material yielded more intriguing 

results. Analysis of six maxillary fragments and 13 mandibles led Jones and others (1984, 

p. 116) to conclude the following: "We suspect that the specimens from Klein Cave 

represent both 8. carolinensis and 8. hylophaga, . . . but the present data are inadequate 

to be certain." This is not inconsistent with my data, because, as noted above, 8. 

carolinensis as used by Graham and Semken (1976) includes 8. hylophaga as used by 

Jones and others (1984). 

8/arina carolinensis (sensu Graham and Semken, 1976) is distributed throughout 

the southeastern United States. Discussion of the habitat requirements of 8/arina is 

complicated by the taxonomic confusion. I have attempted to use information on 8 . 

carolinensis (or 8. b. carolinensis) where possible; however, some of the data are based on 

8. brevicauda. 8/arina is found in a variety of habitats. In general, habitats with fairly thick 

vegetation are preferred; these include woodlands, grassy habitats, and weedy and brushy 
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habitats (George, et al., 1986; Jones, et al., 1985). Hamilton (1943) indicated that a. 
brevicauda is most abundant in damp woods with deep moist leaf litter. It is also fairly 

common in wet meadows and overgrown fields (Hamilton, 1943). In Texas B. carolinensis 

is found in grassy habitats, thickly wooded flood plains, and pine-oak uplands in the 

pineywoods area in the eastern portion of the state (Schmidly, 1983). Earthworms, 

insects and millipedes are the most important prey items (George, et al., 1986). Blarina falls 

prey to a large variety of avian and mammalian carnivores (George, et al., 1986). 

Blarina is fossorial or semi-fossorial; it digs tunnel and nest chamber systems 

(George, et al., 1986). These tunnel systems are usually in the upper 10 cm of top soil , 

through leaf litter or rotted logs (George et al, 1886; Schmidly, 1983; Schwartz and 

Schwartz, 1981), but they may be as deep as 56 cm (Schwartz and Schwartz, 1981 ; 

Schmidly, 1983). These burrows are between 2.5 and 5 cm in diameter (Schwartz and 

Schwartz, 1981). 

The range of B. carolinensis is largely coincident with the humid, mesothermal 

climatic region of the southeastern United States (Graham and Semken, 1976). B. 

carolinensis is segregated from B. b. kirtlandi by temperature extremes (kirtlandi phenon 

found in lower temperature areas) and from B. b. brevicauda by both temperature and 

moisture extremes (brevicauda phenon found in lower temperature and moisture 

environments) (Graham and Semken, 1976). Several other studies found that Blarina 

inhabits generally moist habitats and utilizes moister microhabitats in relatively drier areas of 

their range (George, et al., 1986). In the northern plains it is largely limited to riparian 

habitats in the drier western portion of its range (Jones, et al., 1985). One reason for the 

restriction to relatively moist climates may be that Blarina has a high evaporative water loss 

and must have access to free water to drink (Chew, 1951 ). The climatic tolerance of B. 

carolinensis is shown in Figure 34. 

B. carolinensis is a common member of the Hall's Cave fauna. Material of this shrew 

is found in from level 315-320 cm up to the level 100-105 cm (Table 13). It is not equally 

represented at all levels. Above 120 cm it is represented by only 2 specimens, suggesting 

that Blarina was well represented in the area fauna before approximately 6000 RCYBP but 

was a much less common after that before being extirpated around 5000 RCYBP. 
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Figure 34 ·· Climatic Tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for Blarina carolinensis (geographic range as in Hall, 1981 ). Diagram is 
derived by the method described under Climatic Tolerance Analysis above. Precipitation 
axis is truncated at 20 cm , actual tolerance is to about 25 cm in high temperature months. 

The evidence at Hall's Cave adds to the extirpation hypothesis proposed by 

Lundelius (1967) . Evidence to that time suggested to him that Blarina disappeared on the 

western portion of the Edwards Plateau earlier than it did on the eastern portion of the 

plateau . The latest occurrence then known on the western plateau was at 7700 ± 130 

RCYBP at Felton Cave: many sites as young as 1000 RCYBP on the eastern plateau 

contained Blarina (Lundelius, 1967). The Hall's Cave record indicates that Blarina became 

extirpated from the central portion of the plateau between 6000 and 5000 RCYBP. 

Lundelius (1967) attributed the extirpation of Blarina to progressive west to east 

drying on the Edwards plateau. This drying should perhaps more precisely be described as 

a decrease in net effective moisture. Increased summer temperatures and increased 

aridity may have led to the extirpation (Graham and Semken, 1976). The Hall's Cave data on 

Blarina is consistent with these hypotheses, and other evidence from the fauna also 

provides support for the Lundelius (1967) hypothesis. Information on Notiosorex crawfordi 

(see below) suggests progressive drying at one site on the plateau; this evidence seems to 

support the idea of a progressive decrease in net effective moisture across the plateau. 
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Although I agree that a decrease in net effective moisture is probably the ultimate 

cause for the extirpation of Blarina, the mechanism by which it was extirpated is more 

difficult to evaluate. The change in available moisture may have eliminated Blarina because 

it could not get enough fluids. Such a moisture reductions also may have made the soils 

unsuitable for Blarina burrowing or for food items such as earthworms. Alternatively 

changes in vegetation caused by drying may have eliminated suitable habitats. An 

additional complication of the reduction of moisture is that the soils were changing during 

the time when Blarina was extirpated. As discussed further below, soils around Hall's cave 

were becoming progressively thinner. This can result in lessened effectiveness of 

precipitation. The mechanism by which Blarina was eliminated is important. If we were able 

to determine this, we would be in a better position to evaluate the magnitude of the 

moisture reduction. 

In addition to the extirpation discussed above, the Hall's Cave Blarina also shows a 

size reduction through time (Figure 35). A hint of this reduction appears when the 

mandibular linear index is plotted against stratigraphic depth. However, the correlation 

coefficient of this relationship (r=0.161) is not significant (p>.05, d.f. =44). The reduction in 

the M1-3 length with depth, however, is significant (r=0.511 , p<.01 d.f.=31) . 

Size change in Blarina has long been utilized in interpreting changing environmental 

conditions (Hibbard, et al., 1965; Graham and Semken, 1976). Although some factors 

complicate the relationship, the genus Blarina generally exhibits a positive Bergman's 

response (Graham and Semken, 1976; McNab, 1971 between 30° N and 45° N latitude). 

The decrease in size exhibited at Hall's Cave between about 15,500 RCYBP (230 cm) and 

7500 RCYBP (100 cm) is interpreted as representing warming. Two alternative patterns 

describe the size change in Blarina. It may have gradually decreased in size through time or 

it may have decreased in size rapidly over a short period of time. The limited data suggest 

that the second alternative is more likely. The material younger than approximately 13,500 

RCYBP (210 cm) appears to represent a sample of a smaller-sized population than does the 

material older than this age. Thus, the Blarina size decrease is tentatively interpreted as 

indicating increased temperature around 13,500 RCYBP. Unfortunately, the measured 

sample at Hall's Cave do not provide enough information to unambiguously decide 

between these alternatives. 



189 

c 
ID 
:::E ..... 

36 
Blarina Mandibular Linear Index vs. Depth 

liJ
liJ 

+ 

3:: 
0 
:::E 
U)-
)( 
Q) 
"C 
c 
.... 

34 +J 

32 -

' 

30 -

liJ 

liJ 

liJ 

Iii 
m 
a i::i 

liJ 
a 
liJ 

liJ 

a 

liJ 
liJ 

r::J liJ 

r::J 

liJ 

r::J 

liJ 

liJ a 
r::J 

liJ 

i::i 

Ill 
liJ 
liJ 

19 
m 
r::J 

liJ 

as 
Q) 
c liJ 
..J 
.... 28 -

Ill 
.!!! 
::::s
:e 
"C 26 I I I I I 

c 
as 100 125 150 175 200 225 250 

:::E depth In Composite Pit I (cm) 
<A) 

B. carolinensis size vs. depth 
5.0 

4.8 ....... liJ Ill 
IllE IllIllE 

Ill r::i mIll - 4.6  Ills::. Ill ~ Ill-Cl Ill~c liJ r::J~ Ill m4.4 
IllM 

I Ill 
Ill -:::E 

4.2  Ill 
liJ 

4.0..._~~~-~l~~~~~~~~~~~~~~~~~~~-1
I I I I 

100 125 1 5 0 1 7 5 200 225 250 
depth in Composite Pit 1 (cm) 

<B) 

Figure 35 -- Size changes in the Hall's Cave B. carolinensis at Hall's Cave with depth. (A) 
shows the Mandibular Linear index of Graham and Semken (1976) vs. depth in Composite 
Pit I. The correlation (r=.161) is not significant (p>.05). (B) shows the M 1-3 length (MRL of 

Graham and Semken, 1976) plotted against the depth in Composite Pit I. The graph is 
based on 33 points and has a least squares regression with a y-intercept of 4.14 mm, a 
slope of .0024 mm/cm and a significant correlation (r= .511 , p<.01) Specimens included are 
those listed in Table 18. 
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Genus Cryptotis 

Cryptotis parva (Say) 

least shrew 

Referred Material: See Appendix A 

Cryptotis is easily identified from both maxillae and mandibles. The maxillae have a 

large incisor, four unicuspids, a fourth premolar, and three molars. It is the only genus of 

shrew in North America that has four unicuspids. The articular facets of the mandibular 

condyle are separated by a shallow concavity. The internal temporal fossa is triangular, 

medially directed and generally divided into separate ventral and dorsal areas. The teeth are 

usually well pigmented. C. parva is one of eight members of the genus which occurs in 

North America. The other seven species are scattered from central Mexico to Panama 

(Hall, 1981). 

Several characters can be used to distinguish Cryptotis parva from other North 

American shrews. The number of unicuspids serves to distinguish maxillae from those of 

Blarina, Sorex, and Notiosorex. The shape of the ascending ramus and articular condyle 

can be used to separate mandibles of Cryptotis from those of the other species. The 

bright red pigmentation on the teeth usually distinguishes them from Notiosorex teeth. 

Blarina, although similar in general morphology, is considerably larger than Cryptotis. In a 

few cases the absence of an entoconid on M3 was used to identify Cryptotis parva. This 

character, as well as size and other dental characters, can also be used to distinguish C. 

parva from other species of the genus (Hall, 1981). However, the other species of 

Cryptotis are found in Central America and were not compared to the Hall's Cave material. In 

spite of this the Hall's Cave material is confidently assigned to C. parva. 

Remains of C. parva at Hall's Cave include over 500 catalogued mandibles, rostra, 

palates, and maxillae. Stratigraphically C. parva occurs almost continuously above level 

215-220 cm, except for levels 190-195 cm, 180-185 cm, 110-115 cm, 45-50 cm, and 0-5 

cm. The presence or absence of a taxon may often be used as an environmental indicator, 

but the presence or absence of Cryptotis at Hall's Cave is not very informative. The 

significance of the absence below level 220 cm is not known, but it may be taphonomic. 
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With the exception of level 0-5 cm, discussed below, the absence of C. parva is from levels 

with small numbers of all species of small shrews; these absences are attributed to chance 

taphonomic factors . 

The abundance of C. parva remains varies from over 100 specimens in level 145

150 to single specimens in several levels. These changes are attributed to a combination 

of taphonomic and environmental factors. To correct for the taphonomic differences 

among levels, two possible strategies may be used. 

The first method is to correct for taphonomic factors by correcting abundances using 

some factor which reflects only the taphonomic biases. Unfortunately, this strategy is 

difficult to apply at Hall's Cave. I have found no other factor which will correct both for the 

bias caused by sedimentation pulses and diastems and for possible changes in raptor 

utilization. Myotis velifer abundances may be useful in correcting for diastems; however, 

they will not factor out changes in raptor usage. It is possible that a factor such as snail 

abundance or Ce/tis seed coat abundance would be useful. Unfortunately, neither has 

been quantitatively analyzed. 

A second method can be used if a pair of taxa are present that suggest different 

environmental conditions, but which have the same taphonomic pathway. In cases such as 

these, comparison of the abundances of the two taxa can be used detect changing 

environmental conditions. At Hall's Cave Cryptotis parva and Notiosorex crawfordi 

comprise such a pair. The abundances of C. parva can be compared with those of N. 

crawfordi to provide environmental information. For this analysis see the discussion of 

Notiosorex vs. Cryptotis Abundance below. 

Cryptotis parva is distributed over much of eastern North America south of the Great 

Lakes (Figure 36) . However, on the western plains their distribution may be limited to more 

riparian habitats (Jones et al., 1985). Their geographic range is mirrored by their climatic 

tolerance region (Figure 37). They tolerate a variety of generally moist climatic conditions. 

C. parva is found throughout much of northeastern, central and southern Mexico; the 

tolerance diagram does not reflect these conditions. For this reason the upper 

temperature end of the tolerance range is probably artificially truncated. 

Cryptotis parva is generally an open habitat shrew. It inhabits grassy or weedy 

habitats such as fields (Whitaker, 1974), upland prairies, meadows (Jones, et al., 1985), 

highway and railroad rights-of way, fence rows, briar thickets, and tangles of vegetation 
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near woody areas (Schmidly, 1983). Dense herbaceous ground cover, especially grasses 

are probably a critical component of C. parva habitats (Schmidly, 1983). Although both 

Schmidly (1983) and Whitaker (1974) included reports of captures from woodland habitats, 

they both indicated that C. parva is a rare component of wooded habitats. They nest under 

logs, rocks, or other objects, or in burrows (Nowak and Paradiso (1983). They burrow in 

loose soft soil and construct small tunnel systems; however the importance of soil type in 

limiting their habitats is not clear. Schmidly (1983) indicates that soil is of minor importance, 

but Whitaker (1974) indicates that it is not important. Strangely, both cite Davis and Joeris 

(1945), who indicate "type of soil seems to be of minor importance in determining their 

distribution," to support their interpretations. 

The historical biogeography of Cryptotis parva is complex. It is known from remains 

both within and outside of its modem range in both the Pleistocene and the Holocene. 

Extralimitally, it is known from sites in central Texas (Graham, 1987), Trans-Pecos Texas, 

and southeastern New Mexico (Harris, 1985; Logan and Black, 1979; Porter, 1978). It was 

extirpated from various portions of its former range at different times. The following is a brief 

summary of C. parva biogeography in New Mexico and Texas for the last 20,000 RCY. 

The western portion of the modern range apparently has been within the range of 

Cryptotis parva tor the entire time. C. parva is found within its modem range in the 

Pleistocene components of such sites as Friesenhahn Cave, the Avenue Site, Laubach 

Cave , and in the Holocene components of such sites as Bonfire Rockshelter, Welder 

Wildlife Refuge (TMM 40523, San Patricio County), Don Williams Cave (TMM 41284, Hays 

County), Friesenhahn Cave and Mac's Cave (TMM 41455, Travis County). Within its 

modem range, it is not absent in any site in which its absence would be significant . 

Cryptotis is known from the late Pleistocene deposits of various sites in Texas, New 

Mexico and Chihuahua, Mexico. In Culberson County, TX it is known from Upper Sloth 

Cave (Logan and Black, 1979), Lower Sloth Cave (Logan, 1977), and Dust Cave (Harris, 

1985). In New Mexico it is known from Dry Cave, Muskox Cave (Eddy County), and 

Howell's Ridge Cave (Grant County) (Harris, 1985), In Chihuahua it is known from Jimenez 

Cave (Harris, 1985). In several of these sites it is associated with dated deposits (Table 19) 

in all cases with sediments older than 10,000 RCYBP. Sometime around or after 10,000 

RCYBP the western edge of the range of C. parva moved east out of New Mexico and 

Trans-Pecos Texas. The significance of the absence C. parva remains from the undated 
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late Pleistocene and Holocene Fowlkes Cave (Culberson County, Texas) fauna (Dalquest 

and Stangl, 1984a) is unknown. 

[22) Cryptotis parva 

~ Notiosorex crawfordi 

Figure 36 - Geographic range of Cryptotis parva (Whitaker, 1974) and Notiosorex 
crawfordi (Hall, 1981). 
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Site Name 14c Determination Reference 

Upper Sloth Cave 11 ,760±610 (A-1519) Logan and Black 

(1977) 

Dry Cave 15,030±210 (1 -6201) Harris (1985) 

10,730±150 (1 -6200) Harris and Porter 

(1978) 

Muskox Cave 25,500±1100 - Harris (1985) 

18 ,140±200 

Table 19 -- Radiocarbon determinations on Trans-Pecos Texas and New Mexico sites with 
Cryptotis parva. Dates are also available on Howell's Ridge Cave, but the stratigraphic 
location of C. parva remains is in doubt and the degree of mixing is in dispute (see Van 
Devender and Worthington, 1977; Harris, 1985). 

On the Edwards Plateau, central Texas, C. parva formerly inhabited a large area, from 

which it has been extirpated. It is found in several of the major Late Pleistocene faunas of 

the Edwards Plateau in addition to the sites around the plateau that lie within its current 
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range. It is common at Schulze Cave in Unit Candis also found at Cave Without A Name. 

As noted above, Hall's Cave deposits contain C. parva consistently above 220 cm, that is, 

younger than approximately 14,500 RCYBP {Figures 38; Table 13). 

The presence of C. parva throughout the deposits at Hall's Cave indicates that it was 

present on parts of the plateau during the entire Holocene. It is present in the western 

plateau area in the Felton Cave deposits. The Felton Cave material was deposited at least 

7500 RCYBP. It has a radiocarbon determination of 7700±130 RCYBP (Tx-253) on bone. 

C. parva is absent from Unit B of Schulze Cave. Notiosorex crawfordi and other 

small mammal taxa are present in this unit, which makes it unlikely that taphonomy is the 

reason for its absence. A more likely reason is dry conditions on the plateau between 5000 

and 2500 RCYBP. This is discussed further below in the treatment of Notiosorex : 

Cryptotis Abundance below. 

Cryptotis parva probably was present over much of the plateau until fairly recently. It 

is present with Mus musculus in deposits of historic age at Longhorn Caverns and at 

Rattlesnake Cave {Semken, 1967). It is also present in Late Prehistoric Toyah Interval, 

{approximately 1300 to 1650 A.O.) deposits in Tom Green county at 41TG91 {Creel, et al., 

1990). At Hall's Cave, C. parva is present up to level 5-10 cm. The age of this level 

probably is latest prehistoric (approximately 500 RCYBP). Cryptotis parva probably was 

extirpated from the Edwards Plateau due to a loss of habitat as soil was stripped off the 

plateau surface. This is consistent with the fact that climatically the Edwards Plateau 

apparently is within the tolerance range of C. parva based on my tolerance analysis and the 

more detailed analysis of Porter (1978). As is discussed in detail in the soil reconstructions 

below, some of this soil removal probably occurred during historic times due to overgrazing 

(Semken, 1961 ). However, it seems increasingly likely that some of the stripping was part 

of a much longer term denudation of the landscape. 
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Genus Notiosorex 

Notiosorex crawfordi (Coues) 

desert shrew 

Referred Material: See Appendix A 

Notiosorex crawfordi can be readily identified on the basis of both maxillae and 

mandibles. The maxillae have a large incisor, three unicuspids, a fourth premolar, and 

three molars. Notiosorex is the only genus of shrew in North America with three 

unicuspids; Blarina and Sorex each have five and Cryptotis has four. The articular facets 

of the mandibular condyle are separated by a deep concavity. The internal temporal fossa 

is a relatively small, round, and generally dorso-medially directed. The teeth are distinctive 

among North American soricids in that they largely lack the red pigment characteristic of 

other soricids. For this reason, even small fragments of maxillae and mandibles can be 

confidently identified. N. crawfordi is the only member of the genus which occurs in North 

America. 

N. crawfordi is generally limited to the grasslands, semi-desert shrub, and desert 

portions of the Southwest (Figure 36). The abundance of these shrews difficult to 

determine. They are rarely captured in traps (Schmidly, 1977); however their remains are 

not uncommon in owl pellets within their range. N. crawfordi is one of the most dry-adapted 

mammals found at Hall's Cave. Its tolerance range is shown in Figure 39. 

N. crawfordi is found in many Late Pleistocene and Holocene sites in central Texas. 

Most of the sites at which it occurs lie within its modem range. These sites include 

Friesenhahn Cave (8,000 RCYBP unit), Schulze Cave (unit Band C), Cave Without A 

Name, and Felton Cave. At the Barton Road Site, Zesch Cave and Longhorn Cavern (black 

fill) Notiosorex is found outside its modern range. 

The use of the presence and absence of Notiosorex crawfordi at various levels in 

Hall's Cave does not provide much information. It is found consistently in the deposits 

above 195-200 cm depth (Figure 38; Table 13). One specimen was found in level 230-235 

cm. The almost total absence of Notiosorex below 200 cm is difficult to evaluate. Small 

shrews are uncommon below this level, which suggests that taphonomic factors may be the 
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reason. However, all small shrews found below 200 cm, except the specimen for level 230

235, are either Sorex or Cryptotis. The absence of Notiosorex in the lower levels is 

consistent with the presence of other animals which indicate cooler and moister conditions. 
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Figure 39 - Tolerance space for Notiosorex crawfordi. The space was derived using the 
range shown in Figure 36 (Hall, 1981) and the procedure described under Climatic 
Tolerance Analysis above. 

Abundance changes of Notiosorex potentially are more informative. However, as 

was briefly discussed under Cryptotis parva, several factors other than climatic and 

environmental changes can influence the abundance of Notiosorex crawfordi in different 

stratigraphic levels. Various depositional and taphonomic changes, such as changes in 

sedimentation rate, the presence of diastems, and changes in the utilization of the cave by 

raptors, each may result in changes in abundance. One possible means to correct for 

these taphonomic changes is to analyze species pairs that may correct for the taphonomy. 

One such pair at Hall's Cave is N. crawfordi and Cryptotis parva. 
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NOTIOSOREX VS. CRYPTOTIS ABUNDANCE 

The ratio of the number of specimens (NISP) of Notiosorex crawfordi to the number 

of specimens of Cryptotis paNa is very useful in elucidating environmental and climatic 

change at Hall's Cave. These two shrews probably entered the Hall's Cave deposit via the 

same taphonomic pathway. They would be equally affected by changes in sedimentation 

rate, by diastems, and by changes in raptor utilization. If we assume that raptors take the 

various shrews in proportion to their abundances in the environment (the validity of this 

assumption is discussed under Taphonomy), then changes in the proportions of these two 

shrews in the cave deposits should indicate changes in their proportions in the 

environment. 

Ecologically, Notiosorex and Cryptotis are similar animals in several ways. Both are 

nocturnal and have diets that consist of a large variety of insects and other invertebrates. 

The habitats in which they live are somewhat different. Notiosorex lives in more arid 

habitats that tend to have grassy or desert scrub vegetation and may lack permanent water. 

Cryptotis habitats are moister and have grassy or weedy vegetation. C. paNa habitats 

usually have more complete vegetation cover than N. crawfordi habitats. In the western 

portion of the range of Cryptotis, where the range overlaps that of Notiosorex, C. paNa 

tends to be limited to moister riparian grassy areas, while N. crawfordi occupies mainly the 

drier uplands (Jones, et al., 1985). Changes in the ratio of N. crawfordi to C. paNa are 

interpreted as reflecting changes in the effective moisture of the environment. 

The ratio of N. crawtordi to C. paNa is expressed as the percentage of the total of 

small shrews (Notiosorex and Cryptotis) in a level that are identified as N. crawfordi. For 

each level in Hall's Cave this percentage is figured using the following formula : 

%Notiosorex= ____,_,N.... . _,.c""ra...,w""'fi""o"""rd""'i_____IS""'P~N~ x 100 

(NISP C. parva + NISP N. crawfordi) 

This percentage is figured for all levels above 210-215 cm in which either or both 

species occur. The level 180-185 cm contains neither shrew so the percentage cannot be 

evaluated. Figure 40 shows the changes in this index. 
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Changes in the relative abundances of N. crawtordi and C. parva suggest the 

following reconstruction of moisture conditions in central Texas. Conditions were relatively 

moist from approximately 14,000 to 12,500 RCYBP (215-200 cm) . At about 12,500 the 

environment began to dry. This was the beginning of a drier period which lasted until about 

10,125 RCYBP (175 cm). The fact that Blarinawas not extirpated during this period 

indicates that it was not as dry as modern conditions (the 100% Notiosorex peak is due to 

small sample size). This dry period is followed by a moist period which lasted from 

approximately 10, 125 (175 cm) to 8500 RCYBP (160 cm). The moist period did not end 

with an abrupt drying; instead a gradual drying began which peaked in a long dry period 

centered around approximately 4000 RCYBP (75 cm). This generally dry period lasted from 

approximately 5000 to 2000 RCYBP (95 to 35 cm). This drier period was followed by a 

relatively moister period; which never became as moist as the preceding moist period. This 

relatively moist period may have ended with a fairly abrupt change around 800 RCYBP ( 1 O 

cm). At this time Cryptotis numbers decreased relative to Notiosorex. The loss of Cryptotis 

may have been due to drying or to soil loss eliminating C. parva. However, soil loss may 

have been a result of drying conditions. 
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Figure 40 -- Stratigraphic changes Notiosorex to Cryptotis abundance (expressed as a 

the ratio of Notiosorex to the sum of Notiosorex and Cryptotis) . Zero indicates all Cryptotis 

and 100 indicates all Notiosorex in a level. Bars below zero indicate that neither taxon has 

been recovered in that level, so that the ratio cannot be evaluated. 
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Small amounts of similar data from other sites can be analyzed in the same way. 

Based on the published abundances from Schulze Cave (Dalquest et al., 1969) the 

Notiosorex :Cryptotis ratio increases from approximately 16% Notiosorex in the Late 

Pleistocene deposits (14% in C2, 18% in C1) to 100% Notiosorexbetween 3000 and 

5000 RCYBP. The Late Pleistocene ratio from unit Cat Schulze suggest that these 

deposits could correlate to those with projected ages near 12,500 RCYBP (200 cm) or 

10,125 RCYBP (175 cm). At Friesenhahn Cave no Notiosorex was recovered from levels 

dating to approximately 17-19,000 RCYBP. This suggests moist conditions during that 

period. In the deposits dating between 7,000 to 9000 RCYBP approximately 11% of the 

small shrews are Notiosorex. This is in good agreement with the approximately 20% value 

from Hall's Cave during that time. The slightly higher value from Hall's Cave is probably due 

to the fact that it is further west. The black fill unit at Friesenhahn Cave (thought to be 

historic in age) contains no Notiosorex (Graham, 1986). This probably reflects the modern 

distribution of N. crawfordi , which currently may not extend quite as far east as Friesenhahn 

Cave (Davis, 1974). 

Famlly Talpidae 

Genus Sea/opus 

Sea/opus aquatieus (Linneaus) 

eastern mole 

Referred Material: See Appendix A 

Most of the referred material of Sea/opus from Hall's Cave consists of skull, dental 

material, and humeri. All of these elements are easily identified. The teeth of talpids are 

superficially similar to those of many bats and Notiosorex. However, the teeth are larger 

than those of Notiosorex and most bats. Also, talpid molars lack the cingula found on 

chiropteran and soricid molars. The humeri of talpids are extremely distinctive; they have 
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greatly expanded medial and lateral epicondyles, flaring teres tubercules, and a bicep 

tunnel (Hildebrande, 1985). The Hall's Cave material agrees well in all details with S . 

aquatieus. For these reasons all of the talpid material from Hall's cave is confidently 

assigned to S. aquatieus. 

Sea/opus aquatieus ranges throughout most of the eastern United States (Figure 

41 ). In Texas it is found in most of Texas east of San Antonio, across the northern area of 

the state, and in the eastern Panhandle. An isolated(?) population occurs in the central 

mineral region (Mason and Gillespie Counties) . One specimen was recorded from the late 

1800's from Presidio County. They have not been recorded, except as fossils from the 

Edwards or Stockton Plateau. Details of their Texas distribution can be found in Yates and 

Schmidly (1977) . 

Moles probably are the most important fossorial mammals in the eastern United 

States These insectivores spend nearly all of their time underground and eat mainly 

insects and earthworms (Yates and Schmidly, 1978). Because they are fossorial, soil 

conditions are some of the most important factors in limiting their distributions (Yates and 

Schmidly, 1978). They apparently prefer moist, loamy or sandy soils (Davis, 1974; Yates 

and Schmidly, 1978), and probably avoid dry, very sandy, heavy clay, stony, gravelly, and 

saturated soils (Davis, 1974; Yates and Schmidly, 1978). The burrow systems of Sea/opus 

aquaticus consist of two major types: surface feeding burrows and deeper habitation I 

travel burrows (Yates and Schmidly, 1978). The feeding burrows run only a few inches 

deep around root systems of plants and leave characteristic surface ridges. The habitation I 

travel burrows run deeper than 25 cm (Hamilton, 1943). These burrow depths exclude 

Sea/opus aquatieus from very shallow soils. Moles generally are associated with open 

habitats such as meadows, grasslands, lawns, and open woodlands (Schwartz and 

Schwartz, 1981 ), probably because large root systems of trees block easy tunneling. 

When underground, moles are relatively safe from predation. However, on surface they are 

more vulnerable, and may fall prey to hawks, owls, coyotes, skunks and foxes (Schwartz 

and Schwartz, 1981). 

At Hall's Cave Sea/opus aquatieus is fairly consistently present in deposits from 105

110 cm (approximately 5500 RCYBP) down to 250 cm (Table 13). Above about 150 cm 

(approximately 8000 RCYBP) they are somewhat less abundant. They appear to have 

been present in the ecosystem around the cave from at least 17,500 RCYBP to 
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approximately 5500 RCYBP. However, they may have been declining in abundance within 

hunting range of the cave from about 8000 RCYBP up until the time they disappeared. 

The material from Hall's Cave probably entered the cave as a result of predators, mainly 

owls. 

B Sea/opus aquaticus 

Figure 41 - Geographic range of Scalopus aquaticus (Hall, 1981 ). Small circles in Trans
Pecos Texas and Coahuila represent specimens from small isolated populations. 
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Sea/opus was much more widespread in central Texas during the Late Pleistocene 

and early to middle Holocene than today. Among the Late Pleistocene site outside their 

modern range in which it is found are Hall's Cave, Cave Without A Name, Longhorn Cavern, 

Zesch Cave, Levi Shelter, Miller Cave and Schulze Cave. In Val Verde County they are 

known from Unit 3 and from a profile cut below the dated flowstone (Unit 6?) at Seminole 

Sink (41VV620); the dated flowstone within Unit 3 is dated to 19,320 ± 230 RCYBP (Beta

11094, a13c corrected) and is interpreted as being Late Wisconsin in age (Bement, 1985; 

Byrd, 1985). S. aquatieus is also known from Friesenhahn Cave and the Avenue Site at the 

edge of their modern range. In the early to middle Holocene it is known from Hall's Cave 

and Friesenhahn Cave. Late Holocene occurrences in central Texas, such as Mac's Cave 

and the Barton Road Site (cultural and non-cultural units), all are near the current range of 

Sea/opus aquatieus. The presence at Barton Road Site is in contrast to Lundelius (1967; 

Table 1) and Graham (1987; Tables 11 and 13); however, it is in agreement with the text 

discussion in Lundelius (1967). 

Based on their fossil occurrences the historical biogeography of moles in central 

Texas can be summarized as follows. Sea/opus was widespread and common on the 

Edwards Plateau during the Late Pleistocene and early Holocene. During this same time it 

also was present, but probably uncommon on the Stockton Plateau. During the middle 

Holocene it was still present on the central plateau at Hall's Cave. However, they may have 

been becoming less common throughout this period. If the absence at Felton Cave 

(Lundelius, 1967) is real, it may indicate that moles had been eliminated from portions of 

the western plateau by about 7500 RCYBP. By about the beginning of the late Holocene 

(approximately 5000 RCYBP) they had been eliminated from most of the central plateau. 

Their presence at both units of the Barton Road Site ("'3500 RCYBP and ,,,1000 RCYBP) 

and at Mac's Cave indicates that were not pushed east of the Balcones Fault zone until 

after the middle of the late Holocene. Morphologic data supports the interpretation that the 

range Sea/opus aquatieus contracted eastward during the Holocene. The isolated 

population from the Central Mineral Region are more similar to the eastern populations than 

either of those populations are to the North Texas and Panhandle populations, suggesting 

more recent contact (Yates and Schmidly, 1977). 

The presence of Sea/opus aquatieus in central Texas deposits is important in 

reconstructing the soil conditions during the Late Pleistocene and Holocene. It indicates 
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that the soils were much deeper, moister, and less stony than the modern soils. They 

suggest the presence of soils that had a combined A and B horizon at least 25 cm thick and 

was generally non-stony. Sea/opus also suggests that the textural class of these soils 

(combined A & upper B) was near a loam or sandy loam. 

The extirpation of Sea/opus aquaticus from the Edwards Plateau is interpreted to be 

due to a climate related change in the soils. This agrees with the hypothesis proposed by 

Semken (1961 ); my reconstruction of mole historical biogeography, however, disagrees 

with the hypothesis that their extirpation was related to anthropogenic soil stripping 

(Graham, 1976, 1987). By about 5500 RCYBP the central plateau upland soils had 

probably become too dry, shallow and stony to support a viable mole population. They may 

have continued to survive for a time on terrace soils along major drainages; if so, these 

environments were not being sampled as a source of the Hall's Cave fauna. The soil 

changes are thought to be part of a longer soil change from deep (possibly >2m), loamy, 

moist soils to the modern conditions. The change is the result of a long-term net down

wasting and loss of soil. The driving force behind this was the long-term general drying 

trend extending from approximately 15,000 to 2500 RCYBP and 1000 RCYBP to the 

present. 
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Order Chiroptera 

Family Vespertillionidae 

Genus Myotis 

Bats of the genus Myotis can be identified easily from both skulls and mandibles. 

Myotis is the only North American vespertillionid with 3 upper premolars. The mandibular 

tooth count of Myotis is 1-3 C-1 P-3 M-3. It shares this count with Lasionycteris and 

Plecotus, but can be distinguished from these two based on the shape of the coronoid 

process, its generally more robust cheek teeth and by comparison with recent skeletal 

material. 

Myotis is found on every continent except Antarctica (Nowak and Paradiso, 1983) 

and is represented by at least 27 species in North America (Hall, 1981 ). It is difficult to 

differentiate among the various species of North American Myotis. A number of the 

species, such as M. elegans, M. dominicensis, Myotis keaysi, and Myotis vivesi, are Central 

American or insular forms that were not considered in identifying the Hall's Cave material. 

Of the remaining species, the first obvious separation that can be made is based on size 

(see Table 20). However, within each size group may contain several possible species. 

The Hall's Cave material is discussed in two groups: Myotis sp. (medium-sized) and Myotis 

velifer. The criteria and probable members of each group is discussed below. 

Table 20 -- Maxillary tooth row lengths of selected species of North American Myotis. It is 
important to note that these measurements come from a variety of sources from various 
areas of each species' ranges. 

Length of 
Species Maxillary tooth row Reference 

M. auriculus auriculus 6.4-6.8 mm Genoways and Jones (1969) 
M. auriculus apache 6.3 -6.7 mm Genoways and Jones ( 1969) 
M. austroriparius 5.0-5 .6 mm Miller and Allen (1928) 
M. californicus 4.8-5.2 mm Hall (1981) 
M. ciliolabrum 4.8-5.5 mm van Zyll de Jong (1985) 
M. evotis 6.0-6.5 mm Manning and Jones (1989) 
M. grisescens 5.8-6.2 mm Hall (1981) 
M. keenii 5.6- 5.8 mm Fitch and Shump (1979) 
M. leibii 4.8-5.2 mm van Zyll de Jong (1985) 
M. lucifugus 5.0-6.9 mm Fenton and Barclay (1980) 
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Table 20 (con't.) 

Species 
Length of 

Maxillary tooth row Reference 
M. lucifugus occultus 
M. lucifugus not occultus 
M. milleri 
M. planiceps 
M. septentrionalis 
M. soda/is 
M. thysanodes 
M. velifer 
M. volans 
M. yumanensis 

5.6-6.6 mm 
5.0-5 .9 mm 
5.7-5.8 mm 
4.7-5 .0 mm 
5.4-6.2 mm 
5.2-5.6 mm 
6.2-6.6 mm 
7.1-7.5 mm 
5.0-5.6 mm 
4.6-5.2 mm 

Hall and Kelson (1959) 
Hall and Kelson ( 1959) 
Genoways and Jones (1969) 
Matson (1975) 
van Zyll de Jong (1985) 
Thomson (1982) 
van Zyll de Jong (1985) 
Fitch et al. (1981 ) 
Warner and Czaplewski (1984) 
Hall (1981) 

Myotis sp. (medium) 

Referred material: Graclle forms: 41229-559 It mandible, anterior w/ M2-3, Pit 18; 175

180 cm; 41229-620 It mandible, w/ M1-3, Pit 18; 195-200 cm; 41229-1438 It maxilla, 

w/ P4-M2, Pit 1, 18, aux with and under Rock 8 ; 170-220 cm; 41229-1757 It maxilla, 

w/ P4-M3, Pit 1 A, 18; Central Rock Ridge; 190-220 cm; 41229-1758 rt maxilla, 

posterior 3/4 w/ P4-M3, Pit 1 A, 18; Central Rock Ridge; 190-220 cm; 41229-1759 It 

maxilla, frag w/ P2-M1, Pit 1A, 18; Central Rock Ridge: 190-220 cm; 41229-2723 rt 

mandible, w/ P4-M3, Pit 1C: 250-255 cm: 41229-2724 rt mandible, posteriorw/ M3, 

Pit 1C; 250-255 cm; 41229-2725 It maxilla, w/ P4-M3, Pit 1C; 250-255 cm; 41229

3425 It mandible, anterior 3/4 w/ M2-M3, Pit 1 C; 230-235 cm: 41229-3426 rt 

mandible, anterior 3/4 w/ M1, Pit 1C; 230-235 cm; 41229-3840 It mandible, w/ P3

M3, Pit 1C; 220-225 cm; 41229-3841 rostrum, w/ It P4, Pit 1C; 220-225 cm; 41229

3938 rostrum w/ It P2, M3, Pit 1, 1A, 18 with, around and under Central Rock Ridge; 

180-220 cm; 41229-3939 rt maxilla, w/ P4-M3 Pit 1, 1A, 18 with, around and under 

Central Rock Ridge; 180-220 cm; 41229-3940 It mandible, w/ M2-M3, Pit 1, 1A, 1 B 

with, around and under Central Rock Ridge; 180-220 cm; 41229-3941 rt mandible, 

w/ M2-M3, Pit 1, 1A, 18 with, around and under Central Rock Ridge: 180-220 cm; 

41229-3942 rt mandible, w/ 13-P2, M 1-M3, Pit 1, 1A, 18 with, around and under 

Central Rock Ridge; 180-220 cm; 41229-3943 rt mandible, posterior w/ M2-M3, Pit 

1, 1A, 18 with, around and under Central Rock Ridge; 180-220 cm; 41229-3977 rt 
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mandible, w/ M2-M3, Pit 1C; 240-245 cm; 41229-3978 rostrum, Pit 1C; 240-245 cm; 

41229-4027 rostrum w/ It P4-M2, rt P2-M3, Pit 1 C; 245-250 cm; 41229-5773 It 1 /2 

rostrum w/ M2, East half Composite Pit I, in rocks ; 230-245 cm; 41229-5842 rt 

maxilla, w/ P3-M1, East half Composite Pit I; 220-230 cm; 41229-5986 rostrum w/ It 

P4-M3, rt P4-M3, Pit 1C; 235-240 cm; 41229-5987 It 1/2 rostrum, w/ P2-M1, M3, Pit 

1 C; 235-240 cm; 41229-5988 rt mandible, anterior 3/4 w/ P4, M2-M3, Pit 1 C; 235

240 cm; 41229-6129 rt mandible, anterior 3/4 w/ P2-P3, East half Composite Pit I; 

220-230 cm; 41229-6182 rostrum w/ rt P2, M2-M3, East half Composite Pit I, Rock 

Band X area; 240-250 cm; 41229-6280 It mandible, w/ P4, East half Composite Pit I; 

225-240 cm; 41229-6608 rt mandible, anterior 3/4 w/ C-M3, East half Composite Pit 

I; approx. 165-220 cm; 41229-6609 It mandible, anterior 3/4 w/ P4-M3, East half 

Composite Pit I; approx. 165-220 cm; 41229-6610 rt mandible, posterior, East half 

Composite Pit I; approx. 165-220 cm; 41229-6611 rt mandible, posterior w/M3, East 

half Composite Pit I; approx. 165-220 cm; 41229-6612 rt mandible, posterior w/M3, 

East half Composite Pit I; approx. 165-220 cm; 41229-11203 It mandible, w/ P3-M3, 

Pit 1d/E; 205-210 cm; 41229-11241 It mandible, Pit 1d; 310-315 cm; 41229-11329 

rt mandible, w/ M1-3, Pit 1d; 350-355 cm; 41229-11330 rt mandible, anterior 3/4 w/ 

P4, Pit 1d; 350-355 cm; 41229-11347 It mandible, w/ 12-P3, M2-3, Pit 1d; 255-260 

cm; 41229-11357 It mandible, w/ P4, M2-3, Pit 1d; 285-290 cm; 41229-11358 It 

mandible, w/ P2, M2, Pit 1d; 285-290 cm; 41229-11407 It mandible, w/ P2-M3, Pit 

1d/E; 230-235 cm; 41229-11410 rostrum, rt 1/2 w/ M2-3, Pit 1d; 265-270 cm; 

41229-11411 rt maxilla, w/ P4-M2, Pit 1 d; 265-270 cm; 41229-11647 It maxilla, 

anterior 3/4 w/ P3-4, M2-3, Pit 1 d; 270-275 cm Robust forms: 41229-2728 

rostrum w/ It P2-M2, Pit 1, 1 A Central Rock Ridge; 190-220 cm; 41229-3944 rt 

mandible, posterior w/ M 1-M3, Pit 1, 1 A, 1 B with, around and under Central Rock 

Ridge; 180-220 cm; 41229-4026 It mandible, w/ 11-12, M2-M3 Pit 1C; 245-250 cm; 

41229-5846 rt mandible, anterior 3/4 w/ P3-M3, East half Composite Pit I; 220-230 

cm; 41229-5991 rostrum w/ rt P2-P4, Pit 1 C; 235-240 cm; 41229-6183 rostrum w/ It 

P3, M2-3, East half Composite Pit I, Rock Band X area; 240-250 cm; 41229-6607 rt 

mandible, w/ P4-M3, East half Composite Pit I; approx. 165-220 cm; 41229-6724 It 

maxilla, w/P4-M3, Pit 1d; 155-160 cm; 41229-8928 rt maxilla, posterior w/ P4-M3, Pit 

1d; 152-155 cm; 41229-11916 It maxilla, w/ P4, Pit 1d/E; 160-165 cm 
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The medium-sized species of Myotis are some of the most difficult North American 

bats to distinguish on the basis of osteological characters because several species are 

similar in size (see Table 20) and can be distinguished only by subtle differences. The 

medium-size North American species considered in this study are the living M. auriculus, 

M. austroriparius, M. ciliolabrum, M. evotis, M. grisescens, M. keenii, M. lucifugus, M. 

septentrionalis, M. soda/is, M. thysanodes, and M. volans and the extinct M. rectidentis 

(Choate and Hall, 1967). M. lucifugus spans the small to medium category but must be 

considered in identifying medium sized Myotis remains. 

The presence of any of these medium sized Myotis species in the Hall's Cave 

deposit is interesting because Central Texas is one of the few areas in North America that 

has no small to medium sized Myotis in its modern bat fauna. The only Myotis species that 

is widespread on the Edwards Plateau is the much larger M. velifer ; the small species M. 

yumanensis occurs in Val Verde County at the western edge of the plateau (Schmidly, 

1991). Many areas of North America are inhabited by several medium-sized Myotis 

species . 

The identification of the medium sized Myotis remains is based on rostra, maxillae 

and mandibles. Because none of these remains were found in association with each other, 

the mandibles have to be evaluated separately from the skull material. However, unless 

taphonomic factors lead to an odd differential preservation, the identifications based on 

mandibles should be similar to the identifications based on skull material. An additional 

problem is that all of the specimens in each group do not necessarily belong to the same 

species. Ideally, each specimen must be evaluated independently; however, very few of 

the specimens are complete enough to identify at any meaningful level (Figure 42 and 43). 

For this reason much of the identification information is based on a few specimens that are 

more complete. 

Original separation of both the mandibles and skull fragments suggested that at least 

two groups of medium sized Myotis are present in the deposit. One of the groups consists 

of slightly larger, more robust specimens. The second is composed of slightly smaller, 

more gracile specimens. Although the sizes of these groups overlap, the general build is 

quite different. In the case of both mandibles and skull fragments the smaller more gracile 
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group is more numerous. The identification of these groups is discussed below; skull 

fragments and mandibles are discussed separately. 

Skulls of the various species of Myotis can be identified on the basis of size and 

morphological characters. These characters are discussed in a variety of sources, including 

Miller and Allen (1928), Barbour and Davis (1969), Hall (1981), van Zyll de Jong (1985), and 

the Mammalian Species accounts of the various taxa. Some of the size measurements that 

are useful in identification of the Hall's Cave material are the following: length of maxillary 

tooth row, width of the palate at C and at M3 (Table 21 ), and the occlusal size of the 

individual molars. The interorbital breadth is an important measurement in the identification 

of some Myotis species; unfortunately this measurement could only be taken on a few 

specimens. Non-metric characters used in making the identifications include general 

robustness, presence and development of the protoconule and metaloph on M1 and M2, 

and the crowding of the upper premolars. The development of the sagital crest and the 

profile of the forehead are important characters, but could only be evaluated in a few cases. 

Mandibles were identified using the same sources of character information; however, 

discussion of mandibular characters has generally been more limited. Important 

measurements used in identifying the mandibles include the length of the mandible, C-M3 

length, M1-3 length, and the length and width of M2 (Table 22). Non-metric characters 

used include the shape of the coronoid process, robustness of the ramus (especially 

depth of mandible), robustness of teeth, and visual comparison of size when material was 

too fragmentary for measurement. 

In addition to the literature sources and measurements discussed above, 

comparison of the Hall's Cave specimens to recent skeletal material was important for 

identification. Various portions of the material were compared to specimens of most of the 

living medium sized Myotis species listed above and with topotype material of M. 

rectidentis. The species with which I was not able to compare some of the material are , M. 

auriculus, M. ciliolabrum, M. Jucifugus occultus, M. thysanodes, and M. volans. M. 

thysanodes, however, could be eliminated readily based on its slightly larger size and the 

absence of metalophs on M 1 and M2. 
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Maxillae and Rostra 
Specimen 
41229

length maxillary 
tooth row 

C1-C1 
width 

M3-M3 
width 

M1 -M3 
length 

P2-3 
crowding 

M1 , M2 
protoconule 

GRACI LE 
1438 
1757 
1758 
1759 
2725 
3841 
3938 
3939 
3978 
5842 
5986 
5987 
6182 

11410 
11411 

ROBUST 
2728 
5991 
6183 
6724 
8928 

11916 

5.33 mm 

5.25 mm 
5.61 mm 
5.47 mm 
5.54 mm 

5.40 mm 
5.25 mm 
5.25 mm 
5.40 mm 
5.40 mm 

5.82 mm 
5.61 mm 
5.82 mm 

4.05 mm 
3.27 mm 

3.91 mm 

=3.83 mm 

=4.05 mm 

3.68 mm 
4.03 mm 
3.60 mm 

6.11 mm 

6.11 mm 
6.03 mm 

3.20 mm 
3.27 mm 

3.27 mm 
3.12 mm 
3.34 mm 
3.20 mm 

3.34 mm 

3.36mm 
3.58 mm 

crowded 
crowded 
sl ight 
no 
slight 
crowded 
crowded 
crowded 
crowded 
crowded 
slight 
slight 
slight 
crowded 
crowded 

crowded 
crowded 
crowded 
crowded? 

crowded 

present 
present 
present 
present 
present 

present 

present 
present 
reduced 
present 
present 
present 

reduced 

reduced 
present 
present 

Table 21 -- Measurements and maxillary characters of the skull fragments from medium 
sized Myotis specimens from Hall's Cave. 
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Mandibles 
Specimen 

41229
length mandibular 
tooth row 

mandible M1-M3 
length length 

C-M3 
length 

M2 
length 

M2 
width 

GRACILE 
559 
620 

2723 
3425 
3840 
3940 
3941 
3942 
3943 
3977 
5988 
6129 
6280 
6608 
6609 

11203 
11241 
11329 
11330 
11347 
11357 
11358 
11407 

ROBUST 
3944 
5846 
6607 
4026 

6.59 mm 
7.32 mm 
6.98 mm 

=4.00 mm 
10.41 mm 3.55 mm 
9.66 mm 3.62 mm 

=3.69 mm 
3.48 mm 

=3.83 mm 
10.23 mm =3.90 mm 
10.10 mm 3.62 mm 

=3.83 mm 
9.63 mm 3.41 mm 

=3.55 mm 
=3.62 mm 
=3.34 mm 

3.55 mm 
3.47 mm 

10.33 mm 3.98 mm 
9.56 mm 

10.05 mm 3.62 mm 
3.69 mm 
3.41 mm 

10.45 mm 3.55 mm 
=3.41 mm 

3.83mm 

3.76 mm 
3.69 mm 

10.86 mm 3.84 mm 
10.53 mm =3.76 mm 

6.41 mm 
5.96 mm 
5.68 mm 
5.96 mm 
5.89 mm 
6.18 mm 
6.18 mm 
6.03 mm 
1.37 mm 
5.75 mm 

6.03 mm 

5.82 mm 
5.82 mm 
6.39 mm 
5.54 mm 
5.75 mm 
6.04 mm 
5.61 mm 
5.82 mm 
1.34 mm 
1.39 mm 

1.39 mm 
6.25 mm 
6.47 mm 
6.25 mm 

1.40 mm 
1.27 mm 
1.27 mm 
1.42 mm 

1.44 mm 
1.42 mm 
1.27 mm 

1.22 mm 

1.22 mm 

1.42 mm 

1.25 mm 
1.20 mm 
1.25 mm 

1.17 mm 
1.29 mm 
1.30 mm 

0.97 mm 
0.97 mm 
0.82 mm 
0.94 mm 

1.02 mm 
0.97 mm 
0.87 mm 
0.90 mm 
0.84 mm 

0.78 mm 

0.94 mm 

0.87 mm 
0.82 mm 
0.82 mm 
0.85 mm 
0.97 mm 

1.00 mm 
0.97 mm 
0.90 mm 
1.02 mm 

Table 22 -- Measurements mandibles and mandibular fragments from medium 
sized Myotis specimens from Hall's Cave. 

Figures 42 and 43 contain a summary of what I have been able to say about the 

identification of the individual Hall's Cave specimens. The figures indicate the individual 

specimens and what taxa can be eliminated based on the measurements and observed 

characters. From these figures it is clear that most of the specimens cannot reasonably be 

identified below the level of medium sized Myotis with an observation whether the material 
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is from a generally gracile form or a robust form. It is also clear that identification of the 

robust specimens is generally more specific than that of the gracile specimens. 

Using information from the most identifiable skulls and mandibles, it is possible to 

draw several conclusions about what taxa may be present in the Hall's Cave bat fauna. This 

approach may underestimate the number of taxa represented, in that it assumes that all of 

the less complete material belongs to those species represented by more complete 

material. This approach does, however, provide information on minimum number of taxa 

that must have been present. 

The maxillary and mandibular data from the robust form suggests that either M. 

grisescens or M. lucifugus occultus is present in the deposit. Either one would account 

for all of the robust material in the deposit. Several factors suggest that M. grisescens is 

more likely to be represented than M. I. occultus. None of the specimens appear to have 

the broad rostrum characteristic of M. I. occultus (Miller and Allen, 1928). In addition, all of 

the Hall's Cave specimens have a full complement of premolars; M. I. occultus frequently 

lacks the p2. The next most likely contributing taxon is M. septentrionalis. 

The identification of the more gracile form is much more complicated. Any of four 

species could be represented by most of the more complete gracile material: M. 

austroriparius, M. ciliolabrum, M. lucifugus, and M. soda/is. It is not possible at present to 

distinguish these taxa based on remains such as those from Hall's Cave. 

Two of the more complete jaws identified as gracile have teeth too large for the 

smaller, lightly built Myotis species. These specimens apparently are M. evotis, M. 

lucifugus occultus, or M. grisescens. They may represent a different species than the 

robust specimens or may simply represent less robust individuals of the robust taxon 

(possibly M. grisescens) . 
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14381---11--1--+-+-+--+--+-----N---+---1N 
1757 N N N N N N 

!--+-+-+-+-+--+------------~ 

1758 N N 
!--+-+-+-+--+--------------~ 

1759 N N 
27251--1-+-+--+--+-+-+---11----t-+-+-N-1 

3841 N N N N N 
3938~N-+--+-N-+-N+N-+-+--+--+--+-N-+--+--fN 

3939 N N N N N 
3978~N------N~N-+--+--+-______-+---IN 

5842 N N 
!--+-+-+-+-+--------------~

5986 N N N N N 
!--+-+-+-+--+--------------~

5987 N N N N N 
!--+-+-+-+-+--------------~ 

6182 N N N N N N 
!--+-+-+-+-+--------------~

11410 N N N N N 
!--+-+-+-+-+--+-+-+--+--+--+-~ 

11411 N N N N N 
!--+-+-+-+-+-+-+-+--+--+--+-~ 

2728 N N N N N N N N N 
5991 N N N N N N 
6183 N N N N N N N N 

67241---11--1--+-+-+--+--+-N-----+--+--iN 
89281--t----+--+--+--+--~N----.,.__~N-1 

11916 

Figure 42 -- This table lists the skull and maxillary specimens of medium- sized Myotis from 
Hall's Cave and indicates from which species each may have come. An "N" indicates that 
the specimen cannot be referred to that taxon. Boxes lacking an "N" indicate which taxa 
cannot be ruled out based on measurements, non-metric characters or direct comparison 
with modern specimens. The specimens with large numbers of blank boxes are generally 
more incomplete (see referred material above) . 
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559 N N N N N N N N 
620 N N N N N N 

2723 N N N N N N 
3425 N N N N N N 
384C N N N N N N 
394CJ N N N N N N 
3941 N N N N N N 
394;2 N N N N N N 
394~ N N 
397-.../Nr-t----t-N-t-N-t--t-N-t-N-t-------N~ 

5988 N N 
6129~N-+--+--+-N+N-+-+-N-+-N-+--+--+-......-.iN 

6280 N N
-1-,..+--+--+--+--+--+--+--+--+-+-+--I

1120~ N N N N N N N N 
1132~ N N N N N N 
1133( N N N N N N 

11347 N N N N N N 
11351 N N N N N N 
1135~ N N 
1140i N N 

t--t--+--+---t---t---t--t--f'-------~ -------------------------~ 
3944 N N N 

402€ N N N N N N 
5846 N N N N N N 
6607 N N N N N N 

Figure 43 -- This table lists the mandibular specimens of medium-sized Myotis from Hall's 
Cave and indicates from which species each may have come. An "N" indicates that the 
specimen cannot be referred to that taxon. Boxes lacking an "N" indicate which taxa cannot 
be ruled out based on measurements, non-metric characters or direct comparison with 
modern specimens. The specimens with large numbers of blank boxes are generally more 
incomplete (see referred material above} . 
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Medium-sized Myotis species have been identified from only a few central Texas 

sites. Myotis cf. M. evotis was identified from unit C of Schulze Cave. M. rectidentis was 

described from Laubach Cave II (Choate and Hall, 1967). Large numbers of one or more 

unidentified species of medium-sized Myotis have been recovered from Cave Without A 

Name. Initial examination suggests that at least a robust form is present and that this form is 

quite abundant. At Hall's Cave the medium-sized forms are present in levels older than 

about 8000 RCYBP (Figure 44; Table 13). 

The environmental significance of the presence of medium-sized Myotis species 

cannot be assessed, because the material cannot be confidently identified either to the 

species level or to a ecologically coherent group of species. 

Myotis velifer (J.A. Allen) 

cave myotis 

Referred Material: See Appendix A 

Myotis velifer is a fairly common species of Myotis found in several areas of the 

southwestern United States and much of Mexico (Figure 45). It can be distinguished from 

the other species considered by the large size of its teeth and jaws (see Table 20). 

Unfortunately, the use of size as a criterion for identification of modern and fossil M. velifer 

has led to several important systematic, nomenclatural, and interpretive problems. To 

understand these problems some background on central Texas modern and fossil large 

Myotis species is required. 

Myotis velifer originally was described (as Vespertilio velifelj by Allen (1890) based 

on specimens from Guadalajara, Jalisco, Mexico. Allen (1896) also described Vespertilio 

incautus from San Antonio, Texas. In 1928 Myotis velifer and Vespertilio incautus were 

synonymized as subspecies (M. v. veliferand M. v. incautus) within the species M. velifer 

(Miller and Allen, 1928). In this interpretation, which was followed by Hall and Kelson 

(1957), M. v. incautus included not only the northeastern Mexican and central Texas 

specimens (Figure 45), but also the specimens from the Texas Panhandle, Oklahoma, and 

Kansas (M. v. grandis on Figure 45). 
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Figure 44 -- Stratigraphic distribution of both robust and gracile medium sized Myotis 
specimens. These distributions are based on specimens from 5 cm levels . In addition both 
forms are known from specimens from larger levels. M. sp. (medium, gracile) specimens are 
known from the following levels (number of specimens in parentheses): 165-220 cm (1 ), 
170-220 cm (1), 180-220 cm (6) , 190-220 cm (3), 220-230 cm (2) , 225-240 cm (5), 230
245 cm (1 ), and 240-250 cm (1 ). M. sp. (medium, robust) are known from the following 
levels : 165-220 cm (1) , 180-220 cm (1), 190-220 cm (1), 220-230 cm (1), and 240-250 cm 
(1) . 
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D M. v. grandis 

~ M. v. incautus 

B M. v. brevis & velifer 

Figure 45 -- General geographic ranges of the various subspecies of Myotis velifer. 
Ranges and systematics follow Hayward (1970). The Arizona and northern Sonora M. v. 
velifer are treated by Hall ( 1981) as a separate subspecies M. v. brevis. 
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In 1967, Hall and Choate described a new species, Myotis magnamolaris, from 

Laubach Cave (Williamson County, Texas). This species was based on a mandible (SMU

SMP 61722) and associated mandible and cranial fragments collected by Slaughter. The 

material comes from the same deposits as the Texas Memorial Museum locality Laubach I 

(TMM 40673) (Lundelius, 1992, personal communication; Slaughter, 1966a). This deposit 

is associated with a radiocarbon determination of 15,850 ± 500 RCYBP (Tx-1137 ). This 

date is different from that indicated by both Choate and Hall (1967) and Dorsey (1977). The 

date they cited was 13,900 ± 400 from Laubach II; that site is not equivalent to the SMU site 

(Lundelius, 1992, personal communication). The species was diagnosed by its large size, 

long lower molar row (4.55-5.10 mm) and massive lower canine (Hall and Choate, 1967). 

They compared the Laubach Cave material with material of both M. v. velifer from Veracruz 

and M. v. incautus from Coahuila and found that M. magnamolaris was significantly larger in 

terms of all lower tooth measurements than both of these modern samples (see Table 23 

below). 

Crown Length of M1 ·M3 (mm) 

Locaity ~ t::l ~ s Q,B p'voo Bet 
Veracruz modern 17 4.47 - 4.30- 4.60 M. v. velifer 1 
Coahuila modern 18 4.34 - 4.10- 4.50 M. v. incautus 1 
Hardeman Co, Tx modern 47 4.47 - 4.31- 4.68 M. v. grandis 2 
Laubach Cave ~15k 9 4.86 - 4.55- 5.10 M. magnamolaris 1 
Laubach Cave ~15k z68 4.64 - 4.25- 5.06 M. v. magnamolaris 2 

Table 23 -- A summary of crown length of M 1-3 of various samples of modern Myotis 

velifer and samples of the large fossil phenon of Myotis from Laubach Cave (topotype 
material) . These are the samples that were previously used to evaluate the taxonomic 
status of the various phena. The phenon designation is that given by the original 
reference. The references are 1 -- Hall and Choate (1967), 2 -- Dorsey (1977) with 
clarifications suggested by Dalquest and Stangl (1984b) . 

In a study of the geographic variation of M. velifer, Hayward (1970) noted that modern 

Myotis velifer from the Texas Panhandle, Oklahoma, and Kansas are larger than those 

found in central and Trans-Pecos Texas and northeastern Mexico. This larger size is 

expressed in cranial and dental measurements, as well as overall body size. He removed 

the northern population from M. v. incautus and erected the subspecies M. v. grandis to 

include these larger cave bats (Figure 45). 
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Re-analysis of the original M. magnamolaris material and additional material from the 

same deposit by Dorsey (1977) led to the suggestion that M. magnamolaris was 

conspecific with M. velifer. Dorsey (1977) noted that, although it averaged slightly larger 

than some modern M. velifer populations (Table 23), wide overlap resulted in the fact that 

only very large specimens (outliers) of "M. magnamolarisn could be distinguished from her 

modern M. velifer sample. She suggested that the fossil population, if even subspecifically 

distinct, could represent either "an extinct geographic race, or a temporal race ancestral to 

one or more modern subspecies" (p. 107). If the fossil material does represent a 

population that was distinct, the correct name of the subspecies would be M. velifer 

magnamolaris (Dorsey, 1977). 

Dalquest and Stangl (1984b) also compared the size of the SMU "M magnamolaris" 

material with a sample 60 of M. v. grandis from Hardeman County , Texas. This sample 

apparently included all of the sample used by Dorsey (1977). Like Dorsey (1977) they 

concluded that the SMU Laubach Cave material was conspecific with M. velifer. 

Unfortunately, they did not stop with this conclusion. Because the fossil sample was most 

similar in size to the large living subspecies from the Texas panhandle, Oklahoma, and 

Kansas (M. v. grandis of Hayward, 1970), they proposed that M. magnamolaris should be 

synonymized with this subspecies. This would not necessarily be a problem if they had 

simply identified a fossil population as belonging to a modern subspecies. However, 

because M. magnamolaris has nomenclatural priority over M. v. grandis, they proposed 

that both the fossil material and the living populations of the Texas Panhandle, Oklahoma, 

and Kansas should bear the name M. v. magnamolaris. This suggestion has been followed 

in several recent publications including, Schmidly (1991). 

The synonymy suggested by Dalquest and Stangl (1984b) is ill-conceived or, at 

best, premature. It implies the phylogeny shown in Figure 46. It also assumes that the 

large-size Laubach Cave fossil population migrated out of the area or became extinct 

sometime in the post-Late Pleistocene and were replaced by a genetically separate 

population of smaller bats. Neither of these conclusions can be supported with the current 

evidence. The size changes in central Texas bats over the last 25,000 years may be due to 

in situ changes in a population of bats linearly related to M. v. incautus. Because these 

questions cannot adequately be resolved at present (as was also noted by Dorsey, 1977), I 
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would propose that the living large subspecies from the Texas panhandle, Oklahoma, and 

Kansas should retain the name M. v. grandis. 

Figure 46 -- Phylogeny implied by the Dalquest and Stangl (1984b) synonymization of 
Laubach Cave M. magnamolaris, Choate and Hall w~h M. v. grandis, Hayward. 

This still leaves the problem of how to treat the somewhat larger Late Pleistocene 

form that is found at Laubach (I) Cave and other central Texas sites (M. magnamo/aris ). 

This phenon has been previously identified from Laubach Cave, Schulze Cave and 

Fowlkes Cave (Dalquest and Stangl, 1984a). In each of these cases the deposits consist of 

discrete stratigraphic units representing relatively short time spans. In addition, important 

times in the latest Pleistocene and early Holocene may be missing at each of the sites (see 

discussion of Laubach and Schulze Caves above; Dalquest and Stangl, 1984a). The 

Myotis velifer specimens from these units are time-slice samples of populations that may 

vary clinally in time and space. With well separated temporally discrete samples it is possible 

to draw boundaries between the phena. However, the situation at Hall's Cave is very 

different. The Hall's Cave deposit contains a relatively complete sequence that has been 
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sampled continuously. In this type of sample the size variation of central Texas Myotis 

velifer through time looks very different (Figure 47; Table 24), and it is not possible to draw 

a single line which will separate two different morphs. Indeed, if the Hall's Cave deposit is 

divided into arbitrary units of approximately 5000 year (0-100 cm, 100-175 cm, 175-225 cm, 

225-275 cm and >275 cm) the mean size of the M1-3 is significantly (p<.05) different from 

adjacent units, except between 225-275 (=15-20,000 RCYBP) and >275 (=<20,000 

RCYBP) (Table 24). The same is true if the comparison is made between bats from adjacent 

major stratigraphic units; the bats in the Dark Brown and Black untt (Units 1 & 2) are 

significantly smaller (p<.01) than those in the Brown Clay (Unit 3), which in turn are 

significantly smaller (p<.001) than those from the Red Clay (Unit 4). 

M. velifer M1-3 Length by Level 
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Figure 47 -- Crown length of M 1-3 of Myotis velifer mandibles from Hall's Cave plotted 

against depth (""time) in Composite Pit I. The same measurement from nine modern 
specimens of M. v. incautusfrom central Texas is shown for comparison. The least squares 
fit line through the 144 points has a slope of 0.0013 mm/cm, a y-intercept of 4.27 mm, and 
has a correlation coefficient of 0.599. The correlation is highly significant {p< .001 ). 

The Hall's Cave data still do not resolve the question of whether the decrease in size 

was due to in situ size reduction of a central Texas genetic strain or replacement of one 

geographic phenon by another smaller phenon. However, the gradual nature of the 
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change suggests that either the size reduction was an in situ change or that the 

replacement of one subspecies by another occurred slowly with a long period of overlap in 

central Texas. Because of the gradual nature of the size reduction at Hall's Cave, I am not 

comfortable with the idea of giving formal taxonomic recognition to either end member. For 

this reason I have identified the Hall's Cave material as simply Myotis velifer and modify the 

specific identification with a size designation ("large'', "medium", "small") when a distinction 

is necessary. The size designations are not to be taken as absolute sizes but as to be 

relative sizes within the known central Texas cline. These designations do not have any 

specific temporal meaning, although they do have temporal ranges. 

Crown Length of M1 -M3 (mm) 

L.oc.al!tl ~ N x s Q,B. paa ref. 
central Texas modern 27 4.31 .09 4.18- 4.49 M. v. incautus 3 
Coahuila modern 18 4.34 - 4.10- 4.50 M. v. incautus 1 
Veracruz modern 17 4.47 - 4.30- 4.60 M. v. velifer 1 
Hardeman Co, Tx modern 47 4.47 - 4.31- 4.68 M. v. grandis 2 

Hall's Cave 0-5k 27 4.33 .1 0 4.14- 4.56 M. velifer 3"' 
Miller's Cave 3k 2 - - 4.25-4.26 M. velifer 3 
Hall's Cave 5-10k 72 4.45 . 1 0 4.23- 4.67 M. velifer"' 
Friesenhahn Cave 8-9k 4 4.56 .10 4.42- 4.63 M. velifer 

Miller's Cave late Pleist. 1 - - 4.67 M. velifer 

Hall's Cave 10-15k 26 4.50 . 11 4.28- 4.73 M. vellfer 3"' 
Laubach Cave >15k 9 4.86 - 4.55- 5.10 M. magnamolaris 1 

Laubach Cave >15k =< 68 4.64 - 4.25- 5.06 M. v. magnamolaris 2 

Hall's Cave 15-20k 1 4 4.59 . 11 4.38- 4.75 M. vellfer 3"' 
Friesenhahn Cave 17-19k 1 - - 4.50 M. velifer 3 

Zesch Cave Pleist. 6 4.68 .11 4.60- 4.90 M. velifer 3 

Dark Canyon Cave Pleist . 4 4.57 .17 4.43- 4.78 M. velifer 

Hall's Cave > =< 20k 4 4.51 . 13 4.38- 4.66 M. velifer 3 

Laubach Cave Ill 23k 37 4.33 .11 4.18- 4.53 M. velifer 

Table 24 -- A summary of crown length of M 1-3 of selected samples of modern and fossil 
Myotis velifer. The phenon designation is that given by the original reference (or my 
identification in the case of this study) . The references are 1 -- Hall and Choate (1967) , 2 -
Dorsey (1977) with clarifications suggested by Dalquest and Stangl (1984b), 3 -- this study. 

The Hall's Cave data also do not resolve the question of whether the Myotis veliferot 

the Texas Panhandle, Oklahoma, and Kansas are the nearest living relative of the central 

3 
3 
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3 
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Texas Late Pleistocene form. Until data that does resolve this question are found, I support 

the use of the subspecific designations of Hall (1981) for the modern populations, 

including the use of the name M. v. grandis, Hayward for the large phenon from the Texas 

Panhandle, Oklahoma, and Kansas. This is a more conservative approach than Dalquest 

and Stangl (1984) advocated; however, I believe it is better supported by the data. 

Unfortunately, the focus on the nomenclatural status of the various fossil and 

modern phena of Myotis velifer (including the above discussion) obscures the more 

interesting question: What are the patterns of geographic I temporal variation of Myotis 

veliferduring the last 25,000 years in central Texas? Once these pattern have been 

discerned, questions concerning why this variation has occurred can be addressed. The 

discussion of the variation will be limited to the discussion of the change in the crown 

length of the lower molar tooth row. The reason for this is two-fold. First, as can be seen 

from the discussion above, this is the most common comparison that has been made, 

which allows comparison with other studies. Second, examination of the variation in the 

M. velifer Mandible Length by Depth- 13.5~ 
~ . 
0 8 IE 
::::s a Ill
E 13.0 Illas .... 

Ill~ Ill Ill... 
Ill 

::::s 
~ ~ 
.0 i;j;112.5,, IllIllc b 8as 
E 8 Iii-0 12.0. 

8 all!.c Ill Illc, Ill 
c 
~ 

I I I I I11.5 I ""' 

0 50 100 150 200 250 300 
Depth in Composite Pit I (cm) 

Figure 48 -- Length of ramus plotted against depth (=4ime) in the Hall's Cave deposit for 
Myotis velifer mandibles. The least squares fit line through the 161 points has a slope of 
0.0028 mm/cm, a y-intercept o 12.13 mm and has a correlation coefficient of 0.524. The 
correlation is highly significant (p<.001 ). 
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length of the mandibular ramus (condyle to front of 11 alveolus) at Hall's Cave shows that this 

measurement exhibits a size reduction that is similar to that seen in the M 1-3 length 

(Figures 47, 48). 

M. velifer is known from a number of Quaternary sites in central Texas. Pleistocene 

deposits that are undated or dated to less than approximately 25,000 RCYBP that contain 

M. velifer include Hall's Cave, Schulze Cave, Miller's Cave, Friesenhahn Cave, Zesch Cave, 

Laubach Cave I (from material in the SMU collection but not the TMM collection), Laubach 

Cave Ill (material in TMM collection), and Longhorn Cavern. Cave Without A Name may also 

contain M. ve/ifer(Lundelius, 1976; Graham, 1986); however, I was unable to identify any in 

my analysis. This cave does, however, have a very large number of specimens of a medium 

sized species (M1-3 length<4.00 mm) of Myotis. In Trans-Pecos Texas and adjacent New 

Mexico M. velifer is known from Fowlkes Cave (Dalquest ad Stangl, 1984a) and Dark 

Canyon Cave (Tebedge, 1988). Holocene records in central Texas include Hall's Cave, 

Schulze Cave, Friesenhahn Cave, Miller's Cave, Longhorn Cavern, and Rattlesnake 

Cavern. It also is known in the Holocene fauna of Fowlkes Cave (Dalquest and Stangl, 

1986). 

Using the sites listed above, the temporal pattern of size variation can be 

summarized. The oldest dated fauna, Laubach Cave 111, contains M. ve/ifer which are the 

same size as the ones that are in central Texas today (Table 24). All of the Pleistocene 

occurrences listed above which are dated younger than 20,000, as well as the undated 

Pleistocene ones, contain M. velifer which are larger than the modern central Texas 

population (Table 24). The early to middle Holocene samples from Friesenhahn Cave and 

Hall's Cave also contain M. velifer larger than those found in central Texas today; however, 

at least in the case of Hall's Cave, they are smaller than the Late Pleistocene specimens 

(Figure 47, 48; Table 24). The Late Holocene samples from Miller's Cave and Hall's Cave 

both contain M. veliferthat are the same size as those in the area today (Figure 47; Table 

24). The same apparently is true of the late Holocene sample from Schulze Cave (Dalquest 

and Stangl, 1984b). The pattern west of the Pecos River may be similar; however, only 

three samples providing any information have been analyzed. The Pleistocene specimens 

from Dark Canyon Cave are larger than might be expected in the area today (based on 

subspecific assignment of the modern) (Table 24) as are the Pleistocene sample from 

Fowlkes Cave (Dalquest and Stangl, 1984a,b). The undated Holocene sample from 
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Fowlkes Cave contains M. velifer the same size as modern M. v. incautus, which occurs in 

the area (Dalquest and Stangl, 1986). 

The size changes of M. velifer in central Texas M. velifer over the last 25,000 years 

can be summarized as follows: Prior to the Last Glacial maximum central Texas was 

inhabited by a population of M. velifer similar in size to modern one from the area. 

Sometime after 23,000 RCYBP the size of individuals in the population increased, possibly 

peaking sometime between 15,000 and 18,000 RCYBP. From this peak the size of bat 

(represented by M1-3) decreased, possibly gradually, until the modern size was again 

reached sometime during the late Holocene. 

Although no comprehensive study of the geographic variation of Myotis velifer has 

been made, some modern patterns may be important in evaluating the information 

provided by the historical pattern. The climatic tolerance of the modern subspecies living 

in the United States varies (Figure 49) . The largest subspecies (M. v. grandis) occurs in 

areas with generally cooler (up to S°C cooler in the winter and stay at least approximately 3°C 

cooler in the summer), moister climates. The climate tolerance of M. v. grandis is generally 

moister in all seasons than that of M. v. incautus in terms of precipitation. This moisture 

difference probably would be more pronounced if the effects of higher temperatures were 

factored in. The smallest United States form M. v. brevis is found in areas with both the 

highest temperatures and lowest precipitation (Barbour and Davis, 1969; Figure 49) . The 

interpretation based on the climate tolerance analysis is consistent with information on two 

other vespertillionids. In the widespread Eurasian species Myotis daubentoni cranial and 

dental measurements are negatively correlated with temperature and positively correlated 

with moisture (Bogdanowicz, 1990). Within the temperature component, summer 

temperature (mean July T, mean July daily minimum, mean July daily maximum) was less 

explanatory power than mean annual or winter temperatures. Bogdanowicz (1990) 

suggested that this indicated that body size in M. daubentoni is more related to cold stress 

than to heat stress. Moisture variables were especially important in explaining dental 

variation (Bogdanowicz, 1990). Eptesicus fuscus shows a similar relationship between 

cranial size and climatic variables (Burnett, 1983) with cranial size decreasing with increasing 

temperature and increasing with increasing moisture. In the case of E. fuscus, the 

moisture effect is more pronounced than the temperature effect. 
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If the observations on modern M. velifer and the other two vespertillionids are 

indicative of overall behavior of M. velifer size in various climates, the central Texas fossil 

data imply the following. At approximately 23,000 RCYBP climatic conditions were 

comparable to those of today. At the Last Glacial Maximum (approximately 19,000 RCYBP) 

conditions were cooler and moister in central Texas than today. If the conditions for similarly 

sized modern M. velifer grandis can be used as an analogue, the mean monthly 

temperatures for December, January and February may have been between O and 6°C and 

those for June, July and August between 24 and 28.5°C. This reconstruction is not 

necessarily greatly different from modern conditions in central Texas. The winter 

temperature could have been as little as 1.5°C lower to fall into this range. The summer 

temperature could have been about the same as modern conditions. Precipitation during 

this time may have been approximately the same in the winter but in summer would have 

increased to at least 5 cm per month (Figure 49). After the Last Glacial Maximum either 

temperatures increased or moisture decreased or both. The gradual decrease in size of M. 

velifer is similar in overall pattern to other changes that suggest decreasing moisture (for 

instance the Notiosorex :Cryptotis ratio) and supports the argument for gradual moisture 

change more easily than temperature change. Conditions apparently did not reach their 

modern values, in terms of what M. velifer molar tooth row size responds to, until at least 

5000 RCYBP. 
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Genus Pipistrellus 

Pipistrellus subflavus (F. Cuvier) 

eastern pipistrelle 

Referred Material: See Appendix A 

The genus Pipistrellus can be distinguished readily from all other North American 

genera of chiropterans. It is smaller than all other genera that have the same upper tooth 

count (1-2 C-1 P-2 M-3) ( Choeronycteris, Euderma, Lasionycteris, Macrotus, Mormoops, 

and Plecotus) and lower tooth count (l-3 C-1 P-2 M3) (Eptesicus, Euderma, Lasiurus, 

Nycticeius, and some Tadarida brasilensis). Only the small species of Myotis, e.g. M. 

lucifugus and M. austroriparius are as small as Pipistrellus, but all species of Myotis have 

an upper tooth count of 1-2 C-1 P-3 M-3 and a lower tooth count of 1-3 C-1 P-3 M-3. 

The only bat with which P. subflavus might be confused is P. hesperus. Dalquest 

and others (1969) pointed out that P. subflavus can be separated from P. hesperus based 

on the degree of crowding of the premolars. In P. hesperus maxillae, the p3 is extremely 

reduced and is offset medially to lie lingual to the canine midline; the p3 is not reduced in 

P. subflavus and both p3 and p4 lie in-line with the canine and fourth premolar. The lower 

premolars are also reduced and crowded in P. hesperus, and the space between the 

canine and M 1 is smaller than the length of M2 (Dalquest, et al. , 1969). In P. subflavus the 

length between the canine and the M 1 is greater than the length of M2 (Dalquest, et al., 

1969). Both forms may be present at Hall's Cave. However, P. subflavus is by far the more 

abundant and well established form. 

The range of P. subflavus includes much of eastern North America and much of 

Central America (Figure 50) (Fujita and Kunz, 1984). Its climatic tolerance is shown in 

Figure 51. In Texas it is known from the eastern portion of the state (Davis, 1974) (Figure 

52). Pipistrellus subflavus was found living in Hall's Cave in small numbers during both the 

winter and summer months. 

Several lines of evidence suggest that the distribution of Pipistrellus subflavus 

appears to be controlled by moisture to a significant degree, and they occur in areas of 

relatively high moisture. First, P. subtlavus is absent from areas of Texas with low 
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precipitation and high surface evaporation (Figure 52) . Second, its distribution in North 

America also suggests a dependence on moisture. The climatic tolerance diagram (Figure 

51) shows that they inhabit areas with fairly high precipitation. Comparison of their range 

(Hall, 1981) to climatic maps (Kincer, 1941) indicates that the western margin of the 

distribution generally follows the 63.5 cm mean annual precipitation isopleth. Eastern 

pipistrelles are not found in the drier areas west of this isopleth. The western edge of the 

range of P. subflavus also is close to the boundary between the humid subtropical I 

continental and the mid-latitude steppe climates in the classification of Koppen (Navarra, 

1981) 

In addition to its influence on their overall geographic distribution, moisture partially 

determines which caves and cave microhabitats P. subflavus utilize. In a study of winter 

habitat selection in cave bats in Maryland, Virginia and West Virginia, Raesly and Gates 

(1987) found that P. subflavus chose moister areas than other bats. The mean relative 

humidity of microhabitats utilized by eastern was 84.8% (95% confidence interval: 82.7 

86.9%). Caves in which P. subflavus was found had significantly higher minimum (58.6% 

vs. 43.2%) and maximum (89.7% vs. 65.4%) relative humidity than caves lacking P. 

subflavus. Raesly and Gates ( 1987) concluded that the presence of P. subflavus was 

almost exclusively determined by macroclimatic parameters (notably moisture). 

Pipistrellus subflavus is one of the most common bats in central Texas Late 

Quaternary cave sites and in the modern ecosystem. In spite of this, it has been identified 

from only four sites: Friesenhahn Cave (17-19,000 and 8-9000), Laubach II, Schulze Cave 

(Unit C), and Hall's Cave. 

The significance of the selection of moist cave habitats by P. subflavus becomes 

clearer as one examines the stratigraphic occurrence of P. subflavus at Hall's Cave (Figure 

53 ; Table 13). Because Hall's Cave is near the western edge of the range of P. subflavus a 

fairly small reduction in moisture might force their range to the east of the cave. This 

appears to be what happened between approximately 5,000 RCYBP (95 cm depth) and 

2,000 RCYBP (20 cm depth) . The absence of P. subflavus during this interval is 

interpreted to be an indication that conditions during this time were drier at Hall's Cave than 

are the modern conditions. This is also consistent with the absence of P. subflavus 

remains in Unit Bat Schulze Cave. 
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DI Pipistrellus subflavus 

Figure 50 -- Modern range of Pipistrellus subflavus (after Fujita and Kunz, 1984). 
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Figure 51 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for P. subflavus (geographic range as shown above, Fujita and Kunz, 
1984)). Diagram is derived by the method described in Climatic Tolerance Analysis above. 
Some of range of P. subflavus is in eastern Mexico; unfortunately, climatic data from this 
portion of the range is not included in the tolerance diagram. 
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Texas Distribution of Pipistrellus subflavus compared to the 
mean annual gross surface evaporation (cm) 
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base map after Larkin and Bomar (1983) 

Figure 52 -- The distribution of Pipistrellus subflavus in Texas super-imposed on a map 
showing the average annual gross surface evaporation. Note the absence of P. subflavus 
in the area of west Texas that experiences exceptionally high evaporation rates. 
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Figure 53 -- The stratigraphic distribution of Pipistrellus subflavus within Composite Pit I 
based on the number of catalogued specimens. The absence of P. subflavus remains 
between 250 and 300 cm is interpreted to be due to poorer sampling in this interval. 
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Genus Eptesicus 

Eptesicus fuscus (Palisot de Beauvais) 

big brown bat 

Referred Material: See Appendix A 

Eptesicus fuscus is one of the most easily identified and environmentally significant 

taxa from the Hall's Cave Pleistocene deposits. It can be identified from both mandibles 

and maxillae. E. fuscus is the only North American bat with an upper tooth count of 1-2 C-1 

P-1 M-3. It also is significantly larger than most other North American bats. Although 

Euderma, Eptesicus, Lasiurus, Nycticeius, Pipistrellus, and some Tadarida brasiliensis all 

have mandibular tooth counts of 1-3 C-1 P-2 M-3, only Lasiurus cinereus is large enough to 

be confused with E. fuscus. However, the shape of coronoid process easily separates 

mandibles of these two bats. 

E. fuscus is one of the most widely distributed species in the western hemisphere, 

with a range extending from northern Alberta, and Alaska through virtually all of the 

continental United States , Central America, the Caribbean south to Columbia and 

Venezuela (Barbour and Davis, 1969; Kurta and Baker, 1990; van Zyll de Jong, 1985). 

Barbour and Davis (1969) indicate that they are absent from both Florida and much of 

central Texas; this is an accurate assessment of the range in central Texas (Manning, et al., 

1989; Schmidly, 1991), although Hall (1981) and Kurta and Baker (1990) chose not to 

follow it. Manning and others (1989), in a detailed study of E. fuscus distribution in Texas, 

found that it is restricted to extreme eastern, Trans-Pecos, and Panhandle regions of 

Texas. No reason for this anomalous distribution was suggested. Hall's Cave apparently is 

outside the modern range of E. fuscus and none have been observed at the cave. 

In spite of its extensive range, E. fuscus provides some of the most detailed 

paleoenvironmental information of all of the species found at Hall's Cave due to the fact that 

E. tuscus hibernates in much of its range. In order to hibernate, an animal must be in an 

environment in which the temperature is sufficiently low to allow torpor. The larger the mass 

of an animal, the cooler the environment must be for that animal to enter torpor. If animals 

hibernate in clusters, they function as if they have a larger mass. This means that clustered 
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animals need to be in a cooler environment than would the same animals hibernating singly. 

McNab (1974) calculated that a bat the size of Eptesicus fuscus requires a cave 

microclimate temperature of less than 7°C in order to remain in torpor. He further calculated 

that in a bat the size of Eptesicus fuscus clustering could occur in hibernacula with 

microclimate temperatures of less than S°C. 

McNab's calculations agree with field observations. He noted that E. fuscus 

"hibernates in caves as far south as Kentucky, [but] behaves as a tree bat at more southerly 

latitudes" (McNab, 1974, p.952). Barbour and Davis (1969) note that E. fuscus males in 

northern latitude caves commonly form tight clusters and that females hibernate singly in 

warmer regions. In south-central Kansas and northwestern Oklahoma, Twente ( 1955) 

found that E. fuscus hibernated singly in areas of the caves that were cooler and drier than 

those chosen by other bats. These were often places near the entrance or narrow crevices 

out of the way of warm air circulation. Raesly and Gates (1987), studying winter habitat 

selection in cave dwelling bats in Maryland, Pennsylvania, and West Virginia, found that 

Eptesicus hibernated in microhabitats with cave wall temperatures averaging 6.5°C (95% Cl 

5.7°C - 7.3°C). 

Eptesicus fuscus has been recovered in several of the Late Pleistocene cave 

deposits in central Texas.. including Schulze Cave, Miller Cave and Zesch Cave (Toomey, 

1989). Most of the Eptesicus fuscus remains at Hall's Cave are found in levels that dated 

to the Late Pleistocene (Figure 54; Table 13). Before approximately 12,500 RCYBP (195 

cm), E. fuscus remains are abundant. No Eptesicus remains have been recovered above 

145 cm. 

Several factors might account for the change in the abundance of Eptesicus fuscus. 

including changes in sedimentation rate, changes in utilization of the cave by Eptesicus, 

and differences in the amount of material analyzed in different levels. The changes would 

only be significant from a paleoecological standpoint, if they are related to changes in the 

utilization of the cave. This means that it is important to determine if the other reasons can 

be eliminated. 
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Eptesicus tuscus Abundance by 
Stratigraphic Level 
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Figure 54 -- The stratigraphic distribution and abundance of Eptesicus tuscus in 
Composite Pit I (note: the upper end of the depth scale is 100 cm). The abundance is 
expressed in two different ways. The bars show the number of individual specimens (NISP) 
of E. fuscus in each level. The line shows the ratio of E. fuscus to Myotis velifer (expressed 
as a percentage of the pair that are E. fuscus). Points on the line which fall below zero 
indicate that neither bat is present in that level. 
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Between 14S cm (approximately 7SOO RCYBP) and 1SO cm (approximately 8SOO 

RCYBP) and between 17S cm (approximately 10,000 RCYBP) and 20S cm (approximately 

13,SOO RCYBP), E. tuscus is present in the deposit, but it is not particularly abundant either 

in number of specimens or compared to M. velifer. Eptesicus is and relatively abundant 

(compared to M. velitef) between 20S cm (approximately 13,SOO RCYBP) and 2SO cm 

(approximately 18,000 RCYBP). Below 2SO cm both M. velifer and E. fuscus are much less 

abundant (number of specimens) and changes cannot be evaluated due to small samples. 

E. tuscus is definitely present during some times of deposition prior to 18,000 

RCYBP (2SO cm). One possible reason for the smaller number of Eptesicus before 18,000 

is that the cave entrance may have been somewhat smaller and Eptesicus preferentially 

uses caves with relatively large entrances (Raesly and Gates, 1987). However, these levels 

are the more poorly studied and increased work might clarify the pattern. 

Between 18,000 and 13,SOO RCYBP the abundance of Eptesicus may be an 

indication that they were clustering in the cave. In general, Eptesicus forms two types of 

cluster colonies: female maternity colonies and hibernation colonies (Kurta and Baker, 

1990). The lack of bones from neonates and juveniles indicates that Hall's Cave probably 

was not a maternity colony. This suggests that clustering in the cave for winter hibernation 

is a more likely explanation. If this is the case, it would suggest that the cave had 

microclimates with wall temperature of s0 c or less. The cave temperature would be 

approximately S°C cooler than has been recorded during winters of 1987 to 1991 . 

Between approximately 13,SOO and 10,000 RCYBP Eptesicus remains are found in 

moderate abundance. It may have been utilizing the cave but may have been hibernating 

singly. This would indicate cave microtemperatures between about 7°C and S°C. Cave 

temperatures in this range would be 4°C to s0 c lower than modern. 

Between 10,000 and 8,SOO years RCYBP Eptesicus remains are absent from the 

deposit. This suggests that winter cave temperatures may have warmed to the point that 

they were probably generally over 7°C. In this type of regime Eptesicus would probably 

utilize trees rather than the cave. 

The few specimens from between 8SOO and 7SOO RCYBP are difficult to evaluate, 

partially because E. tuscus is not an obligate cave dweller (Kurta and Baker, 1990). It may 

indicate that occasionally winter temperatures were cool enough for use by solitary 

Eptesicus. Alternatively, these remains may represent tree dwelling bats that were brought 
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in by raptors . The fact that the abundance of bone in levels between 145 and 155 cm 

indicates that raptor utilization during that time was probably fairly intense may support this 

interpretation. 

After about 7,500 RCYBP Hall's Cave temperatures were apparently too high for 

hibernating Eptesicus. It is unclear whether Eptesicus fuscus was extirpated from the 

Edwards Plateau at this time or later. However, it is not known from any central Texas 

faunas younger than this. 

In discussing of the size changes of Myotis velifer, it was noted that cranial size in E. 

fuscus is correlated to climate conditions (Burnett, 1983). In fact, skull size variables are 

inversely correlated with temperature and positively correlated with moisture (Burnett, 

1983). However, unlike M. velifer, E. fuscus shows no size change (as represented by M1

3 or length of mandible) within the Hall's Cave record (Figure 55) . The lack of a size change 

suggests that conditions may have changed fast enough that E. fuscus did not have a time 

to adjust to these climatic changes with size changes but was instead extirpated from 

central Texas. It also is possible that the environmental changes were of types or 

magnitudes and directions that did not cause in size changes in E. fuscus. The difficulty 

with this explanation is that the increasing temperature and decreasing moisture 

reconstructed based on other faunal elements should both produce a decrease in cranial 

size. 

Both Myotis velifer and Eptesicus fuscus are interpreted to have entered the 

deposit by the same taphonomic pathway, i.e. they lived in the cave and died within the 

cave. In addition, both have been catalogued to the same degree. So, sedimentation rate 

changes and cataloguing biases should affect both in the same way. If neither species 

changed their usage of the cave, the ratio of the number of Eptesicus specimens to the 

number of Myotis specimens should be approximately constant. Because the relative 

abundance of E. fuscus (compared to M. velifet, largely mirrors the absolute abundance of 

E. fuscus, it suggests that the increase in abundance is due to changing use of the cave 

by E. fuscus. 
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Eptesicus fuscus M1-3 length by stratigraphic position 
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Figure 55 -- Length of the lower molar tooth row (A) and total length of mandible (B) of 
Eptesicus fuscus specimens from Hall's Cave plotted against their stratigraphic positions. 



243 

Genus Lasiurus 

Lasiurus borealis or L. seminolus 

red bat or seminole bat 

Referred material: 41229-1206 rt mandible, w/ P4-M3, Pit 1A; 175-180 cm; 41229-1363 rt 

mandible, w/ P4, Pit 1A; 180-185 cm; 41229-3348 rt mandible, w/ P4, M2-3. Pit 1A; 

140-145 cm; 41229-4047 It mandible, w/ M2-3, Pit 1C; 215-220 cm; 41229-6644 It 

mandible, w/ M2, Pit 1C; 145-150 cm; 41229-6666 It mandible, Pit 18; 170-175 cm; 

41229-6723 rt mandible, w/ P4, Pit 1d; 155-160 cm; 

The identification of the mandibles listed above as Lasiurus borealis or L. seminolus 

is based on several characteristics. The mandibular dental formula found in these 

specimens (1-3, C-1, P-2, M-3) is found in six genera of North American bats: Eptesicus, 

Euderma, Lasiurus, Nycticeius, Pipistrellus, and Tadarida. Of these, Eptesicus, 

Pipistrellus, Lasiurus cinereus, Lasiurus ega, and Lasiurus intermedius can be ruled out 

on the basis of size. All but Pipistrellus have mandibles larger than the Hall's Cave 

specimens listed above; Pipistrellus mandibles are significantly smaller than those 

attributed to L. borealis or L. seminolus. Tadarida has a very low coronoid process that is 

unlike the Lasiurus mandibles. The Hall's cave specimens and modern Lasiurus mandibles 

can be distinguished from Euderma maculata by the more poorly developed massateric 

fossa and the laterally flared angular process of E. maculata. Distinguishing Lasiurus 

borealis and L. seminolus from Nycticeius humeralis is more difficult. The two characters 

that proved most useful were the shapes of the P4 and the coronoid process. In Lasiurus 

the P4 is extremely tall and sharp; in Nycticeius it is shorter, more robust and more rounded. 

In both genera the coronoid process is triangular. In Lasiurus the apex of the triangle is 

directed vertically, and the anterior edge of the coronoid is perpendicular to the mandibular 

body, but, in Nycticeius the apex is directed slightly anteriorly and the anterior edge of the 

coronoid process make an angle of less than 90° with the mandibular body. The referred 

material agrees with modern specimens of Lasiurus borealis and L. seminolus in all details. 
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I have not been able to find any mandibular characters that separate these two species. 

The Hall's Cave remains may belong to either {or both) of the species. 

L. borealis is distributed throughout much of eastern North America, from New 

Brunswick south to Florida, and from Alberta and Saskatchewan to southern New Mexico 

and northern Mexico {Hall, 1981 ). It is found throughout the entire state of Texas and has 

been collected in Kerr County and most adjacent counties {Schmidly, 1991). L. seminolus 

inhabits most of the southeastern United States, from North Carolina through southern 

Tennessee to central Arkansas, south to eastern Texas, and through the Gulf coastal 

states to Florida, Georgia and South Carolina {Wilkins, 1987). Extralimital specimens also 

are known north and southwest of this main range {Wilkins, 1987). In Texas the main range 

is southeastern Texas east of Burleson County, north of Houston, and south of Longview. 

L. seminolus also has been recorded from Cameron and McLennan Counties, although no 

voucher specimens support those records {Schmidly, 1991). L. borealis is a highly 

migratory species (Shump and Shump, 1982a). L. seminolus has been listed as also being 

migratory, but, the evidence for this is questionable {Wilkins, 1987). 

Both L. borealis and L. seminolus are tree-roosting bats that do not usually frequent 

caves {Barbour and Davis, 1969). L. borealis roosts in a wide variety of trees {Shump and 

Shump, 1982a), and L. seminolus usually roosts in Spanish moss { Tillandsia usneoides) 

{Wilkins, 1987). In fact, the geographic distribution of L. seminolus closely parallels the 

distribution of Spanish moss. L. borealis falls prey to many mammalian and avian predators, 

including Didelphis virginianus, Fe/is catus, Accipiter striatus, Falco sparverius, Falco 

columbarius, Bubo virginianus, Geococcyx californius, and Cynocitta cristata. Given the 

similarity of their behavior and habitat, it would not be unreasonable to suppose that L. 

seminolus is preyed upon by a similar array of predators. The remains at Hall's Cave 

probably represent animals taken by avian predators and deposited in pellets. 

Neither species has been recovered from Late Quaternary deposits from central 

Texas other than Hall's Cave. Indeed, the only Late Quaternary site anywhere in Texas 

from which either has been reported is a Holocene archeological site of Welder Wildlife 

Refuge (TMM 40523) in San Patricio County {Raun, unpublished). Raun identified a left 

mandible {TMM 40523-78) as L. borealis; I have been unable to locate the specimen to 

verify the identification or to see if it has any features which might distinguish it from L. 

seminolus. 
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All of the L. borealis or L. seminolus material from Hall's Cave comes from levels 

dating between 7100 RCYBP (140 cm) and 14,500 RCYBP (220 cm), and it is fairly 

consistently present in the levels between 140 and 185 cm. It is not surprising that 

Lasiurus is rare in the deposit; they would not be living in the cave and probably would be 

deposited only infrequently in owl pellets. However, it is more difficult to explain why they 

are found only in the limited set of levels. Nothing in the taphonomy of these levels 

distinguishes them from the levels that lack small Lasiurus remains. 

The stratigraphic distribution of L. borealis or L. cinereus could be due to chance. 

This does not seem likely. A non-parametric "runs" test indicates that the null hypothesis 

that the seven specimens are random samplings of a population that was available for 

sampling for the entire time of deposition can be rejected at the 95% confidence level, but 

not at the 99% confidence level (A. Czebieniak, 1992, personal communication) . 

Another possibility is that some unknown taphonomic factor is responsible for the 

distribution. If the specimens are L. seminolus, the distribution may indicate when Spanish 

moss was present within hunting distance of Hall's Cave. If the remains represent L. 

borealis, no obvious ecological reason explains why they would only occur in the limited set 

of levels. 

Lasiurus cinereus (Palisot de Beauvois) 

hoary bat 

Referred material: 41229-3839 It maxilla, middle 1/2 w/ p4, Pit 1C; 220-225 cm 

Lasiurus cinereus has a distinctive upper dentition. The only North American 

vespertillionids large enough to confuse with L. cinereus are Antrozous pallidus and 

Eptesicus fuscus. The presence of two upper premolars distinguishes it from either of 

these similarly sized bats. The Hall's Cave specimen matches modern L. cinereus in all 

details and is confidently identified. 

Lasiurus cinereus is found throughout much of the western hemisphere. It is found 

in most of North America, Central America, and south to Chile, Argentina and Bolivia 

(Barbour and Davis, 1969). In Canada, it is known from as British Columbia east to Nova 

Scotia and as far north as Fredrickton, Northwest Territories (van Zyll de Jong, 1985). It also 
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is known from Hawaii, Southhampton Island, Iceland, the Orkney Islands, Bermuda, and the 

Dominican Republic (Barbour and Davis, 1969). On the Edwards Plateau L. cinereus has 

been taken in Crockett, Kimble, and Sutton Counties (Manning, et al., 1987). It has not 

been observed at Hall's Cave. 

L. cinereus is an insectivorous, foliage-roosting bat (Barbour and Davis, 1969). It 

roosts at a height of about 3-5 m in trees and generally does not frequent caves (Shump 

and Shump, 1982b). Owls and hawks both may be occasional predators on L. cinereus 

(Barbour and Davis, 1969). 

Lasiurus cinereus material is rare in Quaternary sites in central Texas. The only site 

besides Hall's Cave in which it has been identified is Schulze Cave (Unit C). At these two 

sites it is known from a total of 3 specimens. The Hall's Cave specimen comes from a layer 

dating to between 14,500 and 15,000 RCYBP. Unfortunately, its stratigraphic occurrence 

probably has little paleoenvironmental significance. The specimen from Hall's Cave 

probably represent either individuals that happened to take shelter in the cave or that were 

brought in by a raptor. Dalquest and others (1969) suggested that the Schulze Cave 

specimens were from a barn owl pellet. 

Family Molossidae 

Genus Tadarida 

Tadarida brasiliensis (Geoffroy Saint-Hilaire) 

Brazilian free-tailed bat 

Referred material: 41229-5475 It mandible, w/ 11. P3-M2, Pit 18; 80-85 cm; 41229-9335 It 

mandible, w/ M2-3. surface of cave fill; 41229-10880 guano ( 1990), surface of cave 

fill . 

Tadarida brasiliensis has one of the most distinctive mandibles of any North 

American bat. The coronoid process in molossids is low and poorly developed compared 
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to the vespertillionids. T. brasiliensis mandibles are smaller than those from other North 

American molossids (Nyctinomops femorosaccus, N. macrotis, £umops glaucinus, £. 

perotis, and £. underwoodi ). Furthermore, the Hall's Cave specimen from 80-85 cm 

(41229-5475) has alveoli for three incisors; all other North American molossids have only 

two lower incisors. T. brasiliensis also is represented in the Hall's Cave deposits by guano. 

Identifiable unaltered and degraded guano is found in approximately the upper 15 cm. 

Two Tadarida brasiliensis guano samples from Hall's Cave have been radiocarbon 

dated. One of these (41229-10880; Tx-7053) from the modern Tadarida brasiliensis 

colony in the cave was dated as ultramodern. The other sample was guano picked from a 

sediment sample from Pit 1d; 5-10 cm, which dated to 1,430 ± 100 RCYBP (Tx-6943) . For 

a discussion of these determinations see Age of Deposits, above. 

The Brazilian free-tailed bat is probably the most numerous bat in North America. 

Although it generally is found only from the southern half of the United States south into 

South America, it occurs in very large numbers in much of its range. Some cave-dwelling 

colonies of T. brasiliensis comprise the largest concentrations of mammals in the world. 

Several central Texas caves house colonies which are among the largest in the world: 

Bracken Bat Cave (Comal County), Nye Cave (Medina County ), James River Cave (Mason 

County), Rucker Cave (Edwards County), and Frio Bat Cave (Uvalde County). Hall's Cave 

had a fairly large, but variable, colony in it during my excavations. During the summers of 

1987, 1990, and 1991 the colony was fairly large, up to approximately 500,000 individuals. 

During the summers of 1988 and 1989 only a few bats (less than 20,000) were observed in 

the cave. The climatic tolerance of T. brasiliensis within the United States is shown in 

Figure 56. 

The size and shape of the caves and their entrances influence their utilization by 

free-tail bats. This is especially the case for large colonies; these require caves with rooms 

having fairly large (at least 20 m X 20 m) domed ceilings, room entrances at least 5 m by 10 

m and entrance shafts approximately 10 m X 1 Om (Davis, et al., 1962). These requirements 

are not absolute; the entrance of Hall's Cave is not quite this large. In addition, small groups 

of free-tailed bats will use caves that are not suitable for large colonies. 
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Figure 56 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for T. brasiliensis (geographic range as in Hall, 1981). Diagram is derived by 
the method described in Climatic Tolerance Analysis , above . Much of T. brasiliensis range 
is in Mexico, Central America and South America; unfortunately, climatic data from this 
portion of the range is not included in the tolerance diagram. 

T. brasiliensis is preyed on by a variety of avian, reptilian, and mammalian predators. 

Birds that are known to eat them include Falco sparverius, lctinia mississippiensis, Buteo 

jamaicensis, Geococcyx californianus, Bubo virginianus, and Tyto alba (Wilkins, 1989). 

Bubo virginianus and Falco peregrinus both were observed preying on the stream of bats 

exiting Hall's Cave during excavation. A juvenile Falco peregrinus also attempted to prey 

on free-tailed bats entering the cave one morning. Tadarida brasiliensis remains are 

common in Bubo virginianus pellets found in and around the cave. Wilkins (1989) lists the 

following snakes as predators on Brazilian free-tailed bats: Elaphe obsoleta, Masticophis 

flagellum, Agkistrodon contortrix, and Micrurus fulvius. Crotalus atrox also preys on them; 

one approximately 1 m long that was killed on the talus pile at Hall's Cave contained the 

remains of three adult T. brasiliensis mexicana and one cave swallow (Hirundio fulva) . 

Mammalian predators include Mephitis mephitis, Conepatus mesoleucus, Procyon lotor 

and Didelphis marsupialis [D. virginiana] (Wilkins, 1989). 
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Although T. brasiliensis is a widespread, often abundant, cave-dwelling bat, it is 

very poorly represented in the fossil record (Wilkins, 1989). Table 25 contains a list of all 

records of T. brasiliensis in Quaternary deposits in Texas that I have been able to locate. 

The lack of Tadarida remains at many Texas sites is difficult to explain, because they are 

found in so many Texas caves today. 

ste Cou!li ©;:. (BCYBP) Befere~ 

Hall's Cave Kerr 4- 5 this study 

Laubach Ill Williamson 23,230 ± 490 Lundelius , 1985 

Laubach II Williamson unknown* VP Lab records 

Hinds Cave Val Verde Holocene** Lord , 1984 

Baker Cave Val Verde 950-2950 Word and Douglas, 1970 

Lubbock Lake Lubbock Historic Johnson, 1987 

Lower Sloth Cave Culberson 11 ,590 ± 230** Logan, 1983 

Natural Bridge Caverns Comal Pleist. or Holocene VP Lab records 

Table 25 -- Texas sites at which Tadarida brasiliensis remains have been 
recovered . *The preservation of Laubach II remains does not match the other material from 
the cone and, they should not be associated with the Laubach II age. **The stratigraphic 
placement of Tadarida specimens frqm these sites was not recorded within well stratified 
deposits. For this reason the age of these specimens is not known. 

The historical biogeographic pattern of T. brasiliensis in central Texas over the past 

25,000 years is difficult to explain. Based on dated occurrences. It was fairly well 

represented in some parts of central Texas at approximately 23,000 RCYBP (Laubach Ill) . It 

was also present (although represented by only one specimen) on the central plateau 

between 4000 and 5000 RCYBP (Hall's Cave) . It was present on the Stockton Plateau 

(Baker Cave) sometime between 2950 and 950 RCYBP . By approximately 1500 RCYBP, it 

was probably moderately abundant at Hall's Cave (based on the presence of guano). They 

are present and abundant (both locally and regionally) in all areas of central Texas today. 

T. brasiliensis must either have been present in central Texas for the entire time 

between 23,000 and O RCYBP or have been absent for some periods during this time 

range. Absence, in this case, would mean an extirpation for lengthy times (1000's of years) 

and rather seasonal migrations or even short term absences (1 O's to 1 OO's of years) . If free
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tailed bats were present throughout the period, an explanation of why they are not better 

represented in fossil faunas is needed. If they were indeed absent for portions of this time, 

it is necessary to determine the times and to construct a hypothesis as to why they were 

absent. 

If T. brasiliensis inhabited central Texas between 23,000 and 4,000 RCYBP, it does 

not show up in the deposits. Its absence in all of the central Texas deposits does not make 

sense. It is found in many caves today, and no reason is apparent why they should not 

have lived and died in at least some of the central Texas caves with faunal records dating to 

between 23,000 and 4000 years. Possibly, none of the caves had the correct geometry to 

sustain large Tadarida colonies. However, smaller groups might have been expected in 

some caves. Even if no Tadarida roosted in caves that now yield faunas, it might still be 

expected to occur in the faunas. If large colonies were in the vicinity of any of the fossil 

sites in which raptors made a significant contribution, some contribution of Tadarida 

remains from owls could be reasonably expected. For example, Friesenhahn Cave is only 

11 km from Bracken Bat Cave. A large bat colony at Bracken probably would be in the 

hunting range of any owls living in Friesenhahn Cave. 

As noted above, Tadarida was present (and possibly abundant) at approximately 

23,000 RCYBP. They may have been absent after that time until at least 4000 to 5000 

RCYBP. The significance of one specimen of that age from Hall's Cave is not clear. It clearly 

indicates that Tadarida was present; however, there is no evidence for large colonies or 

high abundance. The same may be true of the one specimen from Baker Cave. The 

earliest positive evidence for fairly large populations is the guano deposit from Hall's Cave; it 

dates to approximately 1000 to 1500 RCYBP. 

The environmental factors which might have led to the historical biogeographic 

pattern discussed above are not known. Cooling associated with the last glacial maximum 

may have extirpated them from the area around 20,000 RCYBP. By about 12,000 RCYBP 

conditions should have been warm enough to allow a return of T. brasiliensis to central 

Texas. By that time both Sigmodon hispidus and Baiomys taylori had returned to the area. 

Based on my climate tolerance analysis, both of these species have less cold tolerance 

than does T. brasiliensis. Moisture also does not appear to be a factor which would have 

excluded it from central Texas. T. brasiliensis occurs in habitats ranging from humid to arid 

(Wilkins, 1989). Another possibility would be that some food source was not present which 
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Tadarida requires. This does not seem likely, because their primary food are moths mainly 

of the family Gelechiidae (Wilkins, 1989). Gelichiids are an widespread and diverse family of 

small to very small moths (Covell, 1984). 

The possibility that Tadarida brasiliensis entered central Texas (or possibly increased 

in abundance) in the last several thousand years is intriguing, because several other taxa 

also probably enter the area at this time. Both Tayassu tajacu (see below) and 

Spermophilus varigatus (Dalquest, et al., 1969) are not known in central Texas until very 

recently. Bassariscus astutus was present during the Pleistocene, but appears to have 

been absent from the area for much of the Holocene. Didelphis virginiana has a 

stratigraphic pattern that mirrors Tadarida's distribution (see above) . In addition, Dasypus 

novemcinctus entered the area only in historic time (see below) . Each of these taxa, 

except Didelphis, is of Chihuahuan or Tamaulipan affinity (Blair, 1950), and Didelphis is of 

southern affinities. This shared affinity suggests that a set of related environmental 

changes may have been responsible for each of the biogeographic patterns. 

Unfortunately, I have been unable to find any factors which will clearly affect all of the taxa. 

In fact, it is difficult to find limiting environmental factors for any of them that could plausibly 

be invoked to explain the central Texas record. 
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Order Xenarthra 

Family Dasypodidae 

Genus Dasypus 

Dasypus ?bellus (Simpson) 

beautiful armadillo 

Referred material: TMM 41229-10881, dermal ossicle from buckler, Pit 1d/E; 225-230 cm 

Dasypus dermal ossicles can be easily distinguished from those of other central 

Texas Late Pleistocene animals. Size, shape and the presence and placement of hair 

follicles distinguish them from ossicles of glyptodonts, pampotheres, Glossotherium sp. , 

Geochelone spp., Gopherus spp., Alligator mississippiensis, and anguid lizards. 

Distinguishing Dasypus bellus ossicles from those of the living D. novemcinctus is more 

difficult. 

The major difference is the larger size of D. bellus (Simpson, 1929; Auffenberg, 

1957). Unfortunately, the size difference between these two armadillos is more 

pronounced in the movable band ossicles than in the buckler ossicles. The Hall's Cave 

specimen is well within the range of those of modern central Texas D. novemcinctus in 

terms of diameter. The same is true of two D. bellus buckler dermal ossicle specimens from 

Miller's Cave (40540-30), although one is slightly larger than modern. A series of D. bellus 

buckler ossicles from the Cave-Without-A-Name (40450-1614) contains both ossicles that 

are slightly larger than those of modern D. novemcinctus and many that are within the 

modem species size range. Dasypus bellus ossicles are at least twice as thick as 

comparable D. novemcinctus ossicles. Unfortunately, the full thickness of the Hall's Cave 

specimen is not known, because it is broken (possibly sliced in excavation) parallel to its 

face. However, the preserved thickness of the Hall's Cave specimen and also all of the 

Miller's Cave specimens is greater than that of comparable sized and shaped modern D. 

novemcinctus dermal ossicles. The lack of a more diagnostic portion and the breakage on 
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the Hall's Cave specimen prevent more definitive identification. For this reason I have 

identified the Hall's Cave Dasypus sp. ossicle ( 41229-10881) as Dasypus ?be/lus. 

Dasypus bellus is known from numerous Pleistocene sites in Texas and throughout 

southeastern United States (Klippel and Parmalee, 1984). Sites from which it has been 

recorded from Late Pleistocene contexts are shown in Figure 57. In addition to Hall's Cave, 

it has been found in the following central Texas sites: Miller's Cave, Cave-Without-A-Name, 

Laubach Ill. It was also reported from Kincaid Shelter (Lundelius, 1967); however, all of the 

Dasypus material at Kincaid is referable to D. novemcinctus and is from late prehistoric or 

historic contexts (see below) . 

The Hall's Cave specimen is projected to date from between 15,000-15,500 

RCYBP. The youngest reliable age for the species based on the Mead and Meltzer (1984) 

criteria is from the Brown Sand Wedge at Blackwater Draw, New Mexico. This unit has dates 

of 11,170±360 (A-481), 11,040±500 (A-490) and 11,630±400 (A-491) RCYBP (Graham, 

1987). 

If its diet was similar to that of extant members of the genus, D. bellus was mainly a 

generalist terrestrial insectivore (Redford, 1985). Although Dasypus (based mainly of D. 

novemcinctus) does include both vertebrate and vegetable matter in its diet, arthropods 

(mainly insects) comprise the largest portion of the diet (over 80% in most studies) 

(Redford, 1985). In areas with abundant ants and termites, notably central and South 

America, Dasypus spp. may utilize them to a greater extent (Redford, 1985). D. bellus also 

may have utilized ants and termites, if they were available. McNab (1985) noted that Light 

(1930) described fossil fecal pellets containing remains of a mound building termite from 

the sediments that produced the Seminole Field fauna. D. bellus was originally described 

from this fauna (Simpson, 1929). 

By analogy with D. novemcinctus, the presence of D. bellus has been used as an 

indication that winter conditions were no cooler than those of modern north-central Texas 

(Slaughter, 1961 ). In addition, its presence has been interpreted to indicate that 

conditions where not as arid as modern Trans-Pecos Texas, possibly with rainfall of at least 

20 inches (50.8 cm) (Slaughter, 1961 ). This reconstruction was based on the range of D. 

novemcinctus presented by Hall and Kelson (1957), but since then the range of D. 

novemcinctus has expanded considerably (Hall, 1981; Humphrey, 1974). Using the 1972 
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f-.::.-.:-.;:...:·.j Hall (1981) di~tribution 
of D. novemcmctus 

X Late Pleistocene 0. bellus 

Figure 57 -- Modern range of 0 . novemcinctus (from Hall , 1981) and Late Pleistocene 
sites containing Dasypus bellus (Klippel and Parmalee, 1984). Sites that are known not to 
be late Wisconsin have been excluded. Some X's represent several sites, especially in 
Florida. Many of the sites have not been radiometrically dated; for this reason a Late 
Pleistocene age for some sites has not been established. 
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range, Humphrey (1974) estimated the tolerance of D. novemcinctus as a minimum of 380 

mm precipitation and a maximum of approximately 9 freeze-days a year. Since 1972, 

armadillos have expanded north through northern Oklahoma and most of Kansas into 

southern Nebraska (Hall, 1981); this indicates that the Humphrey estimate also is somewhat 

low in terms of the maximum number of freeze-days tolerated. 

The problems of the lack of a stable range for D. novemcinctus not withstanding, it 

seems clear that the distribution of members of Dasypodidae is limited to some extent by 

cool temperatures (see for example, Klippel and Parmalee, 1984; McNab, 1980). At least 

three factors contribute to this limit. Armadillos have a high thermal conductance, a low 

metabolic rate and use a food source that is potentially limited seasonally. The combination 

of high thermal conductance and low metabolic rate cause the armadillos to have a high 

lower limit of thermoneutrality (McNab, 1980). Elevated metabolic energy expenditures are 

required just to maintain body temperature even at the environmental temperatures found 

in the tropics (McNab, 1985). Using basic energetics calculations, McNab (1980) estimated 

that a 5 kg D. novemcinctus would starve in ten days at 0°c or 14 days at 10°C if it were 

unable to forage. At these temperatures, frozen ground, snow cover, and seasonal 

reduction of insect availability could all make foraging difficult or impossible. The problem 

would be compounded for small individuals (juveniles, for instance); a 2 kg individual could 

survive only 4 days at 0°c or 6 days at 10°c. 

Osteologically, Dasypus bellus was similar to the modern D. novemcinctus except 

for its larger size (Auffenberg, 1957). Modern adult D. novemcinctus from Texas have a 

mass of around 4-8 kg (Davis, 1974). D. bellus was thought to have weighed 20-30 kg 

(McNab, 1985), although Klippel and Parmalee (1984) indicated that a considerable range 

in size, down to nearly modern size, probably occurred. Specimens from Tennessee, 

Indiana, and West Virginia tend to be smaller than those from Florida and Missouri (Klippel 

and Parmalee, 1984). This size difference may have important implications for the 

paleonvironmental significance of D. bellus (McNab, 1980, 1985). McNab (1980) 

estimated that a 25 kg D. bellus would be able to survive for approximately 22 days without 

foraging at 0°C. He noted that this estimate does not take into account the fact that a 

higher mass leads to a higher metabolic maintenance cost (McNab, 1980), this means that 

McNab's hypothesized survival time may be an over-estimate. 
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Several adaptive strategies could have extended the survival time of Oasypus bellus 

in cooler winter conditions. As discussed by McNab (1980), increasing size does extend 

the survival time somewhat. Another strategy that would extend survival time is burrowing, 

which allows individuals to take advantage of a slightly warmer microhabitats (burrows) . The 

modem form does burrow; however, 0. bel/us may have been too large to rely on 

burrowing for shelter (Klippel and Parmalee, 1984). The utilization of caves as shelters 

could accomplish the same result (Klippel and Parmalee, 1984). 

If O. bellus is indeed indicative of generally mild winter conditions, their size variation 

in time and space may have important implications. As noted above, winter survival time 

can be increased either by burrowing or by increased body mass. The trade-off between 

these strategies is important. As mass increases both the metabolic cost of maintenance 

and thermal conductance, although both decrease on a per unit mass basis (McNab, 1980). 

For these reasons, this strategy has limited advantage, and burrowing to avoid cold 

conditions may be a better option (McNab, 1980). The size of Dasypus in temperate North 

America may ultimately be the result of the "compromise between the increased tolerance 

of starvation attained by a large body mass and the evasion of low winter temperatures 

acquired by burrowing, a habit which requires a small body mass" (McNab, 1980, p. 625). 

The extinction of the large morph, D. bellus , at the end of the Pleistocene may be the 

result of inability to adapt to increasingly seasonal conditions by burrowing (McNab, 1980; 

Klippel and Parmalee, 1984), alternatively, The modern 0. novemcinctus may be the result 

of O. bellus size reduction due to increasingly seasonal conditions and increased reliance 

on burrowing. Further work on the phylogeny of the dasypodids will be required to 

determine if this is may be the case. 

Oasypus novemcinctus Linnaeus 

nine-banded armadillo 

Referred material: None 

Although armadillos are common in central Texas today, no remains of Oasypus 

novemcinctus have been identified in the Hall's cave deposits. In fact, no reliable 

prehistoric occurrences are known anywhere in the United States (Kurten and Anderson, 
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1980). In central Texas, it has been reported from Clovis levels (approximately 11,300 

RCYBP) at Kincaid Shelter (Collins, et al., 1989) and from the brown clay unit of Miller's 

Cave (Patton, 1963). Kincaid Shelter does contain D. novemcinctus; however, all of it is 

from the uppermost unit (unit 6), which contains a mixture of Late Archaic, Late Prehistoric, 

and Historic artifacts. The report of D. novemcinctus from Zone 4 (Clovis level) (Collins, et 

al., 1989) is in error. The specimen (908-2463), a terminal phalanx, is from a Trionyx sp. 

rather than D. novemcinctus. The Miller's Cave record is more complicated. Lundelius 

(1967) suggested that the Miller's Cave D. novemcinctus, represented by a single 

osteoderm, may be significantly younger than the 3,000 RCYBP age associated with the 

brown clay unit. The brown clay unit is the surface unit; the D. novemcinctus osteoderm 

could be modern material from the surface of the unit (Lundelius, 1967). 

The lack of prehistoric D. novemcinctus remains in Texas is in some ways not 

surprising or interesting, but in other ways it is quite intriguing. The absence is not 

surprising in that D. novemcinctus is known to have entered Texas during the mid 1800s 

(Humphrey, 1974). However, given their demonstrated ability to invade rapidly (4-10 km I 

yr. over the 90 years preceding 1972) (Humphrey, 1974) and the presence of D. bellus in 

the area during the Late Pleistocene, it is surprising that they apparently did not invade 

during any other time in the Holocene. 

The invasion of armadillos also is intriguing in that it is the last in a series of invasions 

of Chihuahuan and Tamaulipan mammals during approximately the last 1000 years. The 

other species that apparently entered or expanded in central Texas during this time are 

Tayassu tajacu, Spermophilus variegatus, Bassariscus astutus, and possibly Tadarida 

brasiliensis. The causes of these invasions are not known; indeed, they may not even be 

related. However, the fact that all of the animals come from the same set of biotic provinces 

suggests that the same fundamental environmental change may have driven each of their 

invasions. 

Order Lagomorpha 

Family Leporidae 

Depending on the level of identification, leporid material is some of the most and 

least distinctive of any group. Rabbits can readily be identified to family on the basis of 
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almost any bone or tooth (ribs being the only possible exception) . The native North 

American species can generally be separated into the larger hares (genus Lepus ) and 

smaller rabbits (genus Sylvilagus) . with the important exception that the swamp rabbit 

(Sylvilagus aquaticus), which is as large as many hares. This problem is discussed further 

under Lepus californicus, below. Identification of species within either genus is very 

difficult to impossible, especially based on the kinds of material recovered at most 

archeological or paleontological sites. The key to Montana lagomorphs presented in Gilbert 

(1990) demonstrates this very well. The characters that can distinguish many of the 

species may be visible only on relatively complete skulls . . 

Genus Sylvilagus 

Sy/vilagus auduboni (Baird) or Sylvilagus floridanus (J. A. Allen) 

desert cottontail or eastern cottontail 

Referred material: See Appendix A 

Small leporid remains are extremely common in the Hall's Cave deposits. Sylvilagus 

may be the only taxon represented in all excavated levels of the deposits. They are over

represented in the catalogued material because they are abundant and because all body 

parts can be identified and catalogued. Most bats, rodents and shrews, on the other hand, 

only skull and dental material is readily identifiable. In another sense, rabbits are under

represented, because, due to the fact that they provide little environmental information, 

they have not been a priority for cataloging. 

Two small species of Sylvilagus occur in Texas today : S. auduboni and S. 

floridanus. Within Texas, S. floridanus ranges across the entire state east of the Pecos 

River (Davis, 1974), and in the higher elevation of Trans-Pecos, Texas (Guadalupe, Davis, 

Chinati and Chisos Mountains) (Genoways et al., 1979). S. auduboni occurs in Texas to the 

west of a line from approximately Wichita Falls to Llano to Duval County to the coast in 

Willacy County (Davis, 1974). The two species are sympatric over most of the Edwards 

Plateau, including the Kerr County area. Cottontails have been observed in the area of 

Hall's Cave; unfortunately, I have been unable to identify them to species. The Texas 
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ranges of each species are part of much wider distributions. Together the two species 

range throughout the eastern United States except for New England, through the central 

Great Plains, and through the southwestern United States as far north as Northern 

California, and Utah (Hall, 1981 ). Their combined range also includes almost all of Mexico 

and Central America south to Costa Rica (Hall, 1981). Between them S. floridanus and S. 

auduboni inhabit a wide variety of habitat ranging from forests, swamps, and rain forest to 

prairies and deserts (Nowak and Paradiso, 1983). 

As noted in the discussion of generic identification, the species of Sylvilagus are 

very difficult or impossible to distinguish on the basis of most skeletal material. The only 

species considered in the identification of the Hall's Cave material were S. floridanus and S. 

auduboni. The reason for this is primarily biogeographic; these species are the only ones 

that occur within approximately 600 km of central Texas. 

Two major methods for distinguishing skull and mandibles of S. auduboni from S. 

floridanus have been proposed. Unfortunately, neither has proved very useful in the 

analysis of Hall's Cave material so far. The auditory bullae of S. auduboni are more inflated 

than those of S. floridanus (Dalquest, et al., 1969; Hall, 1981) and have been used to 

distinguish the pair, but Hall's Cave material lacks intact auditory bullae. The other method 

for distinguishing the two species is discriminant analysis (Hulbert, 1984). This method 

requires intact maxillae, relatively complete mandibles with intact P4 and I or isolated P4's of 

adult individuals (Hulbert, 1984). The Hall's Cave rabbit material tends to be either sub

adult or fragmentary (or both) . The only discriminant function that could commonly applied 

was Hulbert's function 7 which can be used on isolated P4's; unfortunately, the error rate 

for this function (26.3%) make results based largely on P 4 identifications unreliable. The 

identifications based on discriminant analysis are shown in Table 26. 

The lack of material that can be identified confidently to species at Hall's Cave led me 

to identify all of the material as "S. auduboni or S. floridanus." It seems likely that both taxa 

are present in the deposit, although both may not be present in all levels. The limited 

discriminant analysis results support the idea that at least some levels contain both species. 
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Table 26 -- Discriminant analysis (after Hulbert, 1984) of small Sylvilagus material from 
Hall's Cave. Apparent error rates of the functions as follows: 5 - 7.59%, 6 - 8.97 %, 7 
26.3% and 8 - 8.0% (Hulbert, 1984). 

Spec. # Identification Hulbert Provenience 
41229- Function# 

684 S. floridanus 7 Pit 1 8 ; 160-165 cm 
689 S. auduboni 5,6 Pit 1 ; 35-40 cm 
702 S. floridanus 7 Pit 1 ; 55-60 cm 
713 · S. floridanus 6 Pit 1 ; 45-50 cm 
742 S. floridanus 6 Pit 1A; 165-170 cm 

858 S. floridanus 7 Pit 18; 45-50 cm 
866 S. auduboni 5 ,6 Pit 1; 15-20 cm 
890 S. floridanus 7 Pit 1 ; 35-40 cm 
903 S. floridanus 7 Pit 1; 100-105 cm 

936 S. floridanus 7 Pit 18; 110-115 cm 
937 S. auduboni 7 Pit 1 8 ; 110-115 cm 

938 S. auduboni 7 Pit 18; 110-115 cm 
939 S. floridanus 7 Pit 18; 110-115 cm 
940 S. floridanus 7 Pit 18; 110-115cm 
941 S. floridanus 7 Pit 18; 110-115cm 

1024 S. floridanus 7 Pit 1A; 165-170 cm 
1070 S. floridanus 7 Pit 1A; 160-165 cm 
1151 S. floridanus 7 Pit 18; 100-105 cm 
1152 S. floridanus 7 Pit 18; 100-105 cm 
1226 S. floridanus 7 Pit 18; 175-180 cm 

1599 S. floridanus 7 Pit 18; 25-30 cm 
1839 S. floridanus 7 Pit 18; 145-150 cm 
2530 S. floridanus 7 Pit 18; 200-205 cm 

2596 S. floridanus 7 Pit 1C; 105-110 cm 

2625 S. floridanus 7 Pit 1C; 140-145 cm 

2757 S. floridanus 7 Pit 1C; 205-210 cm 

2826 S. floridanus 7 Pit 1 ; 90-95 cm 

2827 S. floridanus 7 Pit 1 ; 90-95 cm 

2828 S. floridanus 7 Pit 1 ; 90-95 cm 

2829 S. floridanus 7 Pit 1 ; 90-95 cm 

2830 S. floridanus 7 Pit 1 ; 90-95 cm 

2831 S. floridanus 7 Pit 1 ; 90-95 cm 

2898 S. floridanus 7 Pit 1 A; 35-40 cm 

2933 S. floridanus 7 Pit 1 A; 35-40 cm 

2834 S. floridanus 7 Pit 1 A; 35-40 cm 
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Table 26 (con't.) 

Spec. # Identification Hulbert Provenience 
41229 Function# 
3766 S. floridanus 7,8 Pit 1C; 20-25 cm 
4019 S. floridanus 7 Pit 1 B; 55-60 cm 

4212 S. floridanus 7 Pit 1A; 115-120 cm 

4213 S. floridanus 7 Pit 1 A; 115-120 cm 

4214 

4215 

4216 
4217 

4757 

5005 

5006 

5007 

5008 
5088 
5089 
5184 

S. floridanus 

S. floridanus 
S. floridanus 

S. floridanus 

S. floridanus 
S. floridanus 
S. floridanus 

S. floridanus 
S. floridanus 

S. floridanus 

S. floridanus 
S. floridanus 

7 

7 
7 
7 
7 

7 
7 

7 
7 
7 
7 
7 

Pit 1A; 115-120 cm 

Pit 1A; 115-120 cm 
Pit 1A; 115-120 cm 
Pit 1A; 115-120 cm 

Pit 1C; 105-110 cm 
Pit 1A; 120-125 cm 
Pit 1A; 120-125 cm 

Pit 1A; 120-125 cm 

Pit 1A; 120-125 cm 
Pit 1 A; 70-75 cm 

Pit 1A; 70-75 cm 
Pit 1C; 180-185 cm 

Sylvilagus remains are extremely common in both archeological and paleontological 

deposits of central Texas (Hulbert, 1984). It is recovered in virtually all sites in which bone is 

preserved. This is because rabbits are common food items in the diet of people, small 

carnivores, and raptors (Schmidly, 1983). It is probably introduced into deposits through 

the action of all three agents. Hulbert (1984) summarizes some of the most important 

central Texas rabbit occurrences. 

Sylvilagus was continuously present (Table 13) and common within hunting range of 

Hall's Cave for the entire time the deposit was forming. It was present throughout central 

Texas area for at least the last 25,000 years. The wide combined climatic and habitat 

tolerance of S. auduboni and S. floridanus means that their presence at Hall's Cave does 

not provide any important environmental information. However, using material that could 

be identified to species, Hulbert (1984) reconstructed western central Texas moisture for 

the last 9000 years. Leporid shifts (mainly between S. floridanus and S. audubom) provide 

evidence of more mesic conditions (than modern) between 9000 and 5000 RCYBP, more 

xeric conditions between 5000 and 3000 RCYBP and moisture conditions were similar to 

modern conditions between 3000 and 400 RCYBP (Hulbert, 1984). 
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Bering Sinkhole contains Sylvilagus remains that are complete enough to identify to 

species (Bement, 1991). S. floridanus is found continuously in levels dating from 

approximately 7000 RCYBP to about 1100 RCYBP. S. auduboni first occurs approximately 

5800 RCYBP and is present continuously from 4300 to 2700 RCYBP. It was absent from 

levels dating between 2700 and about 1800 RCYBP. This is interpreted as indicating 

relatively moist conditions before 5800 RCYBP, drying conditions between 5800 and 4300 

RCYBP, relatively dry conditions between 4300 and 2700 RCYBP, and relatively moist 

conditions between 2700 and 1800 RCYBP (Bement, 1991 ) . These data support the 

reconstruction proposed by Hulbert (1984) . 

Lepus californicus Gray± Sylvilagus aquaticus (Bachman) 

black-tailed jack rabbit ± swamp rabbit 

Referred material: See Appendix A 

Three large leporid species must be considered in identifying the Hall's Cave 

material: Lepus californicus, Lepus townsendi and Sylvilagus aquaticus. Two of the 

species, L. calitornicus and S. aquaticus, are found in the state today. The third has been 

tentatively identified from the Pleistocene from Schulze Cave. In most sites in central and 

west Texas all large leporid material is assigned to L. californicus (or Lepus sp.) based 

mainly on biogeography. S. aquaticus is rarely considered in evaluation of material, 

although L. townsendi is sometimes considered (i.e. Dalquest, et al., 1969; Graham, 1976; 

Lundelius, 1984). The shape of the palate can be used to separate S. aquaticus from the 

two species of Lepus . Sylvilagus has a long palate with a relatively long palatine that has a 

well developed posterior nasal spine; Lepus has a relatively short palate with a small strap

like palatine that lacks a posterior nasal spine. Based on the recent sample in the 

collections of the Vertebrate Paleontology Laboratory and the Texas Archeological 

Research Laboratory, the postcrania of S. aquaticus are noticeably smaller (especially 

shorter) than the corresponding material from L. californicus, although the cranial material is 

similar in size. The smaller postcranial size of S. aquaticus is particularly pronounced in limb 

elements such as the humeri, ulnae, and tibiae. The identification of dental and mandibular 
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material is often based on size related differences among the taxa (Hulbert, 1984; Graham, 

1976; Oalquest, 1992); unfortunately, large amounts of overlap occur. 

At Hall's Cave, most or all of the large leporid specimens are the remains of L. 

calitornicus based on palates and postcranial material. The palatal and postcranial material 

from Hall's Cave agrees well in all details with L. calitornicus. The postcrania are larger than 

those of S. aquaticus and the few preserved palates lack posterior nasal spines. 

Biogeographic evidence also suggests that L. californicus is present in the deposit. It is 

common in the area today and at least some (if not all) of the large leporid material from the 

upper units represents it. 

Hulbert (1984) examined large leporid remains at seven central Texas sites. He 

concluded that S. aquaticus were present at two of the sites: Friesenhahn Cave and 

Kincaid Shelter. At two other sites, Eagle and Centipede Caves, a few specimens were 

assigned to S. aquaticus by the discriminant analysis. Hulbert (1984) concluded that the 

number of specimens assigned to S. aquaticus was too small to demonstrate their 

presence given the statistical error of the functions. At Kincaid approximately a quarter of 

the large leporid specimens were assigned to S. aquaticus. At Friesenhahn Cave the 

single analyzed specimen was assigned to S. aquaticus. Although S. aquaticus was 

present in central Texas, it probably was not abundant. Its possible rarity coupled with the 

upland setting of Hall's Cave make the apparent absence of S. aquaticus unsurprising 

One premolar (MWSU 7339) recovered in unit C2 at Schulze Cave was identified as 

L. cf. L. townsendi by Dalquest and others (1969) based on the large size of the specimen. 

Hulbert (1984) examined the Schulze Cave material and like Dalquest and others (1969) 

noted that the premolar (and one additional mandible) were extremely large. However, they 

were not much larger than the largest L. calitornicus he had measured, and they were also 

larger than any L. townsendi that he had examined (Hulbert, 1984). Hulbert (1984) 

concluded that the two specimens represented large individuals of L. calitornicus and that 

"Presently available evidence is insufficient to document the presence of L. townsendi at 

Schulze Cave." (Hulbert, 1984, p. 203). Because Schulze Cave is the only site from which 

L. townsendi has been reported, this means that the same conclusion applies to all of 

central Texas. 

For the reasons discussed above, the Hall's Cave material is evaluated as follows: L. 

californicus is definitely present in the deposit; all of the large leporid remains at the cave 
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are assigned to this species. The material thus assigned may contain small amounts of S. 

aquaticus cranial I dental material. If this is the case, the amount of S. aquaticus material is 

thought to be very small. The post-cranial material is more confidently assigned. I am not 

able to rule out the possibility that L. townsendi material also is present in the deposit. 

However, in the absence of positive evidence for its presence, I have assumed that it is not 

present. 

Both L. calitornicus and S. aquaticus occur in Texas today. Lepus californicus is 

found throughout Texas, except in very small areas in the extreme southeast (Hall, 1981). 

Davis (1974), however, indicates that it previously was absent from a more substantial area 

(east of a line from Dallas to Corsicana to Crockett to Bay City). The change in range is 

probably the result of human activities during the past 25 years (Schmidly, 1983). It is 

common in central Texas including in the areas around the cave. Sylvilagus aquaticus is 

found through approximately the eastern third of Texas, east of line from Dallas to Austin to 

San Antonio to just north of Corpus Christi (Davis, 1974). 

Lepus californicus is present at Hall's Cave in deposits dating from approximately 

13,000 RCYBP (200-205 cm) to the present (0-5 cm) (Table 13). In both catalogued and 

uncatalogued material, it appears to be rare or absent from deposits deeper than 

approximately 2 m. A few pieces of juvenile leporid come from a depth of approximately 

230 cm; however, these can not be confidently assigned to a large species. 

L. calitornicus is extremely common in Holocene sites in central Texas. The following 

are among the sites from which it known: Wilson-Leonard Site, Schulze Cave (unit B), 

Kincaid Shelter, Bering Sinkhole, Kyle Site, Sheep Cave, Don Williams Cave, and many Val 

Verde County sites including Centipede, Damp, Eagle, Hinds, and Baker Caves, Seminole 

Sink, Arenosa and Conejo Shelters, Zopilote, and Devil's Mouth. 

Its pattern of occurrence in Pleistocene deposits is very different . L. californicus is 

known from something less than half the deposits in central Texas. It has been recovered 

from Cueva Quebrada, Laubach II, Laubach Ill, Levi Shelter Zone 1, Schulze Cave, and 

Cave Without A Name. However, it has not been recovered from Pleistocene contexts 

from the Avenue Site, Laubach I, Longhorn Cavern, Zesch Cave, Friesenhahn Cave (see 

below), Wilson-Leonard Site, and Kincaid Shelter (see Hulbert, 1984 for a discussion of 

the age of the Kincaid leporid specimens). One specimen of L. californicus or S. aquaticus 

was also recovered from undated Pleistocene deposits of Clamp Cave. 
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Lepus originally was identified from Friesenhahn Cave and Miller's Cave. However, 

the Miller's Cave specimens are large S. floridanus and at least one of the Friesenhahn 

Cave specimens is S. aquaticus (Hulbert, 1984). A number of pieces of L. califomicus 

postcrania were recovered from Zone 3 (Evans, 1961) of Friesenhahn Cave. However, 

because that zone apparently contains both Pleistocene and Holocene remains (Graham, 

1976), the Pleistocene presence can't be evaluated. 

The stratigraphic and historical biogeographic pattern of L. californicus is difficult to 

evaluate. L. californicus is too large to be preyed upon by most raptors or small carnivores . 

When it is recovered from accumulations of bone produced by these agents, the material 

usually consists of juvenile material that may be difficult to distinguish from S. aquaticus. 

Slightly larger carnivores will prey on them, and Canis latrans is probably their chief predator 

(Schmidly, 1983). Humans may also be an important predator. In spite of this taphonomic 

problem, the pattern of occurrence of L. californicus in the Late Pleistocene of central 

Texas is potentially significant from a paleoenvironmental perspective. Before 

approximately 13,000 RCYBP, it may have been extremely rare or absent on at least the 

eastern and central Edwards Plateau. Although it was present in the Amistad area by about 

14,000 RCYBP, it is less abundant in the Cueva Quebrada deposits of that age than in any 

of the later sites in the Amistad region. This difference in abundance could be purely 

taphonomic, or it may reflect actual changes in abundance. The most likely reason for an 

absence of L. calitornicus on much of the plateau before about 13,000 RCYBP would be 

that conditions may have been too moist for them before that time. Hulbert (1984) noted 

that the natural range of L. californicus in Texas does not extend to areas with a mean 

annual precipitation greater than 112 cm. Because conditions probably were somewhat 

cooler before 13,000 RCYBP, it is not possible to use this precipitation estimate directly. 

However, the possible absence of L. catifornicus suggests generally humid to moist sub

humid conditions prevailed in central Texas before 13,000 RCYBP. However, it is 

important to note that the reconstructed potential climate space for 14,500 to 16,500 

RCYBP (240 to 260 cm) (see Climate Tolerance Results below) apparently does not 

exclude L. californicus. 
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Order Rodentia 

Family Sciuridae 

Genus Spermophilus 

Spermophilus sp. 

ground squirrels 

Material referred to Spermophilus sp.: 41229-51 M1or2. Pit I; 45-60 cm; 41229-5173 It 

maxilla, Pit 1C; 180-185 cm; 41229-6087 It mandible, Pit 1C; 245-250 cm; 41229

8010 rt mandible, antero-dorsal portion, Pit 1C; 245-250 cm; 41229-8468 rt maxilla, 

w/ p4, Pit 1d; 135-140 cm; 41229-10675 It M3, Pit 18; 185-190 cm; 41229-10916 rt 

mandible, w/P4-M2. Pit 1d; 280-285 cm; 41229-11458 It maxilla, anterior, Pit 1d; 

315-320 cm 

Material referred to Spermophilus spilosoma or tridecemlineatus : 41229-3372 It maxilla, w/ 

M1, Pit 1C; 230-235 cm; 41229-3501 It maxilla, w/ P4-M2, Pit 1C; 230-235 cm; 

41229-3739 rt M2. Pit 1C; 205-210 cm; 41229-3854 rt mandible, anteriorw/ M1-2. 

Pit 1C; 220-225 cm; 41229-3855 rt p4, Pit 1C; 220-225 cm; 41229-4072 rt maxilla, 

w/ p4-M3, Pit 1C; 215-220 cm; 41229-4073 rt maxilla, anterior w/ p4-M1, Pit 1 C; 

215-220 cm; 41229-4074 rt maxilla, w/ p4, Pit 1C; 215-220 cm; 41229-5117 rt M1, 

Pit 1C; 210-215 cm; 41229-5122 rt mandible, anterior 2/3 w/ P4, M2. Pit 1C; 230

235 cm; 41229-10280 rt M3. Pit 1C; 250-255 cm; 41229-10951 rt maxilla, w/P4-M2, 

Pit 1 d; 300-305 cm; 41229-10952 rt M 1 ?2. Pit 1 d; 300-305 cm; 41229-11015 rt 

maxilla, w/ p4_M3, Pit 1d; 305-310 cm; 41229-11016 rt maxilla, w/ p4_M1 Pit 1d; 

305-310 cm; 41229-11017 It M1?2. Pit 1d; 305-310 cm; 41229-11037 rt maxilla, Pit 

1 d/E; 230-235 cm; 41229-11038 rt maxilla, w/ p4, Pit 1 d/E; 230-235 cm; 41229

11039 rt maxilla, posterior w/ M2, Pit 1 d/E; 230-235 cm; 41229-11040 It mandible, 

w/ P3-4, Pit 1d/E; 230-235 cm; 41229-11041 It mandible, Pit 1d/E; 230-235 cm; 

41229-11042 rt mandible, posterior 1/3, Pit 1d/E; 230-235 cm; 41229-11043 rt 
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mandible, fragment, Pit 1d/E; 230-235 cm; 41229-11131 It maxilla, w/ M1, Pit 1d/E; 

215-220 cm; 41229-11194 rt maxilla, w/ p4_M1 , Pit 1d/E; 205-210 cm; 

Material referred to Spermophilus mexicanus or tridecemlineatus : 41229-4645 It maxilla, 

w/ p4, Pit 1B; 155-160 cm; 41229-5919 It maxilla, Pit 1A; 50-55 cm; 41229-9853 rt 

mandible, fragment, Pit 1B; 70-75 cm 

Material referred to Spermophilus mexicanus : 41229-6300 It mandible, w/ l-M1, Pit 1d; 10

15 cm 

Most of the sciurid material from Hall's Cave consists of isolated teeth and edentulous 

fragments of maxillae and mandibles. Sciurids are very difficult to identify from such 

material. Bryant (1945) discussed characters that can be used to identify the North 

American sciurids to generic and subgeneric level. Comparison with modern specimens, 

supplemented by the characteristics listed by Bryant, was used to identify the Hall's Cave 

Spermophilus sp. material. 

It is impossible to distinguish the species of Spermophilus confidently, based on 

material such as that from Hall's Cave. None of the Hall's Cave material is large enough to be 

S. variegatus. Much of the material can be assigned to the subgenus lctidomys. Maxillae 

with teeth and isolated upper premolars and molars can be identified using the following 

characters (Bryant, 1945): Its M1 and M2 are triangular and have fairly narrow trigons with 

metalophs which do not join the protocone (Bryant, 1945). The subgenus lctidomys 

contains four species : S. mexicanus, S. perotensis, S. spilosoma, and S. tridecemlineatus 

(Nowak and Paradiso, 1983) Only three of these, S. mexicanus, S. spilosoma, and S. 

tridecemlineatus, were considered in identifying the Hall's Cave material. S. perotensis is 

found only in a small area of Veracruz and Puebla, and its neglect is not thought to be a 

serious problem. 

Dalquest and others (1969) suggested that size can be used to distinguish the 

three species, S. mexicanus, S. spilosoma, and S. tridecemlineatus, that occur in Texas 

today. They were correct in the observation that in Texas S. mexicanus is largest, S. 

tridecemlineatus is intermediate and S. spilosoma is smallest at least in terms of mean size. 

However, two factors complicate the use of this observation for identification of fossil 
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material. One, the size overlap between the three makes this criterion unreliable for 

individual specimens and isolated teeth. Two, the size relations found by Dalquest and 

others (1969) are based on the geographic variation of these species in Texas only. S. 

tridecemlineatus occurs over a large range; specimens of S. tridecemlineatus from 

Michigan or Nebraska can be smaller than Texas S. spilosoma. 

In this analysis the smaller specimens from Hall's Cave are identified as "S. spilosoma 

or S. tridecemlineatus." It is not possible to separate the two species due to the problems 

discussed above. The larger specimens are identified"$. mexicanus or S. 

tridecemlineatus." One large specimen could be identified as S. mexicanus. Some 

specimens of intermediate size can only be identified to the generic level. 

The genus Spermophilus occurs throughout the Plains and much of western North 

America. Several species, also, occur in the area of the "prairie peninsula" of the East (parts 

of Wisconsin, Illinois, Indiana, Ohio and Michigan) (Hall, 1981). As mentioned above, the 

three species to which the Hall's Cave material may belong occur in Texas today. Hall's 

Cave is outside the current range of two of these species: S. spilosoma (found to the 

south and west) and S. tridecemlineatus (found to the north and east), but it is within the 

modern range of S. mexicanus. 

Each of the species currently found in Texas has been identified from Pleistocene or 

Holocene deposits in central Texas (Graham, 1987). Table 27 indicates which ground 

squirrels have been identified in central Texas sites. 

Spermophilus remains at Hall's Cave occur in small numbers in many levels (see 

referred material and Table 13). The relative lack of sciurid remains, including 

Spermophilus, is to be expected in deposits in which owl pellets are an important source. 

Squirrels are almost exclusively diurnal; they are only infrequently taken by largely nocturnal 

predators such as owls (see Andrews, 1990; Craighead and Craighead, 1969 for example) . 

Below approximately 210 cm in depth (approximately 13,500 RCYBP) in Composite 

Pit I, Spermophilus remains are more abundant. The change in abundance is reflected to 

some extent in the catalogued specimens; however, the trend is more pronounced in the 

uncatalogued material and in observations during screen washing. The possible reasons 

for the decrease above 21 Ocm could reflect real changes (fewer ground squirrels in the 

area to be sampled) or taphonomic factors (less sampling of ground squirrels) . It may be 
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Table 27 -- Some of the important latest Pleistocene and Holocene microvertebrate 
sites that contain one or more species of Spermophilus. All specific desigations are those 
of the original author. 

Site Spermophilus identified Reference 

Barton Road Site S. tridecemlineatus Lundelius , 1967 

Baker Cave S. variegatus Word and Douglas, 1970 
S. sp. 

Bering Sink S. mexicanus Bement, 1991 

Bonfire Shelter S. mexicanus Frank, 1968 
S. variegatus 

Centipede Cave S. spilosoma Lundelius , 1967 
S. mexicanus 
S. variegatus 

Coontail Spin S. spilosoma Raun and Eck, 1967 
S. variegatus 
S. sp . 

Devil's Mouth S. sp . Raun and Eck, 1967 

Eagle Cave S. spilosoma Raun and Eck, 1967 
S. mexicanus 
S. variegatus 

Fowlkes Cave S.. spilosoma Dalquest and Stangl, 1984a 
S. variegatus 

Friesenhahn Cave S . sp. Graham, 1976 

Hinds Cave S. sp. Lord, 1984 
S. variegatus 

Rattlesnake Cavern S. mexicanus Semken, 1967 

Schulze Cave S. spilosoma Dalquest and others, 1969 
S. mexicanus 

Seminole Sink S. cf. mexicanus Rosenberg , 1985 
S. variegatus 
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significant that the change occurs at approximately the same level that the sediment 

becomes less coarse. Perhaps the sandy sediments represent soil conditions that 

supported larger ground squirrel populations. 

The inability to distinguish species of Spermophilus limits what can be said about 

them but does not make them completely useless. This is because some important 

environmental characteristics are shared by all Spermophilus that might occur at Hall's Cave 

and some are shared by identifiable groups within Spermophilus. 

An intriguing stratigraphic pattern appears in the Hall's Cave record. In general, the 

Spermophilus specimens from deeper in the deposit are smaller than those from higher in 

the deposit. This can be seen in the identification of the specimens listed in the referred 

material. All of the larger specimens (S. mexicanus and S. mexicanus or tridecemlineatus) 

occur in the upper portion of the deposit. All identifiable specimens from the lower levels 

are from smaller species of ground squirrels (S. spilosoma or S. tridecemlineatus). To date 

it has not been possible to quantify this size change; the material is fragmentary and 

comparable measurements cannot be taken on a reasonable number of specimens. 

The data above indicate that at least one change in the ground squirrel fauna occurs 

in the Hall's Cave record. Only S. mexicanus occurs on the Edwards Plateau today. At 

some time in the last 20,000 RCY at least one of, and possibly both of, S. tridecemlineatus 

and S. spilosoma have been extirpated from the plateau. If both were extirpated, they 

were not necessarily extirpated at the same time. It is difficult to say anything about the 

cause of the replacement of smaller Spermophilus by S. mexicanus without knowing 

which species were replaced and when; however, it seems likely that soil changes were 

responsible for the change. S. mexicanus prefers sandy or gravelly soils (Young and 

Jones, 1982); S. spilosoma and S. tridecemlineatus prefer sandy or loamy soils (Streubel 

and Fitzgerald, 1978a,b). The replacement of the smaller species of Spermophilus by S. 

mexicanus in the Hall's Cave fauna is consistent with the soil changes reconstructed based 

on other portions of the fauna. Until the Spermophilus record at Hall's Cave is better 

known, however, the Spermophilus record does not add significantly to the record of 

climate or soil change. 

lctidomys species are found in environments ranging from semi-desert scrub to 

eastern meadows, including grassland, meadows, sage scrub, open woods, grassy parks, 

desert scrub, fields, golf courses, and a variety of other habitats (Nowak and Paradiso, 
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1983; Young and Jones, 1982; Streubel and Fitzgerald, 1978a,b). The common 

denominator in their habitats is that all are open habitats. Spermophilus generally is not 

found in closed habitats such as forests (Nowak and Paradiso, 1983; Schmidly, 1983). 

As noted above, remains of all types of squirrels are uncommon in the deposit; 

however, some comparisons may be significant. The open environment squirrels, such as 

Spermophilus and Cynomys, are much more abundant than tree dwelling squirrels, 

Sciurus (see below). This probably indicates the relative importance of open rather than 

closed habitats. Open habitat, probably grassland, dominated the area within the hunting 

range of predators that utilized Hall's Cave for most of the Latest Pleistocene and 

Holocene. 

Genus Cynomys 

Cynomys sp. 

prairie dog 

Referred material : 41229-3369 rt M1or2, Pit 1C; 230-235 cm; 41229-3502 It humerus, 

distal end, Pit 1 C; 230-235 cm; 41229-3737 It M 1 or 2. Pit 1 C; 205-210 cm; 41229

4644 It p4, Pit 18; 155-160 cm; 41229-4767 It M1or2. Pit 1C; 200-205 cm; 41229

4768 It ulna, Pit 1C; 200-205 cm; 41229-5116 It M1or2, Pit 1C; 210-215 cm; 

41229-5412 rt M 1 or 2. East half Composite Pit I, Rock B & X area; 240-250 cm; 

41229-5764 It maxilla, w/ dP4, M1-2, Pit 1C; 235-240 cm; 41229-5996 It M1 or 2, Pit 

1C; 235-240 cm; 41229-9045 It mandible, middle, Pit 1C; 215-220 cm; 41229

10449 rt mandible, anterior fragment w/dP 4, Pit 1 d; 155-160 cm; 41229-10780 rt 

P4, East half Composite Pit I, Rock Band X area; 240-250 cm; 41229-10781 rt dP4, 

East half Composite Pit I, Rock Band X area; 240-250 cm; 41229-10813 It mandible, 

middle 1/2 w/P4- M3, Pit 1d; 265-270 cm; 41229-10869 rt maxilla, w/P4, M3, Pit 

1d/E; 220-225 cm; 41229-10949 It astragalus, Pit 1d; 300-305 cm; 41229-10962 It 

p4, Pit 1d/E; 165-170 cm; 41229-10963 rt dP4, Pit 1d/E; 165-170 cm; 41229

10964 rt dP4, Pit 1d/E; 175-180 cm; 41229-10965 It calcaneum, Pit 1d/E; 175-180 

cm; 41229-10966 rt astragalus, Pit 1d/E; 175-180 cm; 41229-11036 It M1, Pit 1d/E; 



272 

230-235 cm; 41229-11081 rt p2, Pit 1 d/E; 230-235 cm : 41229-11129 rt P 4, Pit 

1d/E; 215-220 cm; 41229-11130 rt dP4, Pit 1 d/E; 215-220 cm; 41229-11259 It M3, 

Pit 1d; 260-265 cm; 41229-11435 rt P4, Pit 1 E; 145-150 cm; 41229-11460 upper M 

or P, fragment, Pit 1d; 315-320 cm; 41229-11520 It M3, Pit 1d/E; 230-235 cm; 

41229-11521 It P4, Pit 1d/E; 230-235 cm; 41229-11522 It dP4, Pit 1d/E; 230-235 

cm; 41229-11523 rt M 1 or 2, Pit 1 d/E; 230-235 cm; 41229-11658 rt dP 4, Pit 1 d; 

290-295 cm; 41229-11695 It M3, Pit 1d; 270-275 cm; 41229-12024 It M1 or 2, Pit 

1d/E; 180-185 cm; 41229-12025 rt p3, Pit 1d/E; 180-185 cm 

The large size of the skeletal elements and teeth of Cynomys distinguish them from 

those of all other North American sciurid genera, except Marmota. Bryant (1945) discussed 

various dental and skeletal characters that distinguish the two . The genus Cynomys 

includes two subgenera: C. (ludovicianus), black tailed prairie dogs, and C. 

(leucocrassomys) , white tailed prairie dogs. The two subgenera can be distinguished on 

the basis of several characters (Goodwin, 1990). Unfortunately, most of the Hall's Cave 

specimens cannot be evaluated based on these characters. Goodwin examined most of 

the Hall's Cave material. In his dissertation he indicated that one specimen of C. 

Judovicianus is present at Hall's Cave (Goodwin, 1990). Because C. ludovicianus is the 

only species that has been confirmed at Hall's Cave and may represent the only species 

present, the following discussion will be based on that species. 

C. ludovicianus occurs throughout most of the Great Plains of the United States 

(Figure 58) (Hall, 1981). Jones and others (1988) indicate that they historically occurred 

over the western half of Texas east to Montague County in the north and Bexar County in 

the South. The nearest documented historic populations of prairie dogs to Hall's Cave 

were in Mason and Bexar counties (Davis, 1974). A climatic tolerance diagram based on 

this range is shown in Figure 59. Its range does not extend to areas with mean annual 

precipitation greater than 77 cm (Goodwin, 1990). 

Cynomys ludovicianus was widespread and common in the semi-arid mixed-grass 

and shortgrass grasslands of North America historically (Jones, et al., 1985). It avoids areas 

of tall grass and heavy brush (Davis, 1974). Its social system is extremely visually oriented, 

and tall grass and vegetation probably interferes with communication (Davis, 1974). By 
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cropping of vegetation around its large colonies, C. ludovicianus contributes to the 

maintenance of mixed-grass ecosystems (Agnew, et al., 1986). 

• Cynomys ludovicianus 

Figure 58 -- Geographic range of C. ludovicianus (after Hall, 1981). 



• • • • 
• • • • 

•••• 

274 

Cynomys ludovicianus Tolerance 
20 -E •u 18 

6-c 

- 16 
ns 14 

.2 

= Q. 
u 12 
Q)... 
Q. 10 
~ 
.c 8 
c 6 -
0 
E 4 
c 

Ins 2 •Q) 

E 

conditions within range 

modern central Texas 

• ,. I • • • .. . . . .. ~ 
• • I.ao• - .• •1 

• .: •• •A 1.• t. • • •• 
• • • • ...• • .a• .. •••A. .. ........ .... . .'•.,.., _. • • • h... •• 

• ·~· ... ':.,-• ~ .. • ~ • • 
... 1111 l' •'\ • •. I • •"'" -4i ...~ ...... • • • 

0 
-1 0 -5 0 5 1 0 15 20 25 30 35 40 

mean monthly temperature (°C) 

Figure 59 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for C. ludovicianus (geographic range as shown above after Hall, 1981). 
Diagram is derived by the method described under Climate Tolerance Analysis above. 

Cynomys ludovicianus is the one of the most important burrowing mammal found on 

the plains. In South Dakota burrows ranged in depth from approximately 1 m to 4.25 m with 

most between 1.5 and 3.0 min depth (Sheets, eta/., 1971). Davis (1974) noted that the 

burrows in Texas usually descend steeply for between 2 and 5 meters and then they may 

proceed horizontally for many meters. Reliance of large burrowers may restrict Cynomys to 

certain types of soils; however, little mention is made of these restrictions. This may be 

because their large size makes them less dependent on precise soil conditions (other than 

depth) than smaller fossorial taxa. For example, stones that would be difficult for a pocket 

gopher to move might be easily displaced by a prairie dog. They do not occur in frequently 

saturated soils or in very stony soils (Sheets, et al., 1971 ). 

Because Cynomys ludovicianus is almost entirely diurnal (Davis, 1974), it shows 

different patterns, in terms of predation, than do many other rodents. Their chief predators 

include humans, badgers, coyotes, and hawks (Jones, et al., 1985). Prairie dogs are not a 

frequent prey of owls, which take strictly diurnal species only infrequently (Andrews, 

1990). In addition, Cynomys is larger than most owls will take (Andrews, 1990). The fact 
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that they are not frequently taken by owls may contribute to the fact that they are not very 

abundant in paleontological sites (especially cave sites). Indeed, they are probably under

represented in faunas with respect to their abundances in the ecosystem. 

At Hall's Cave Cynomys remains are present in levels with projected ages from 

>20,000 RCYBP (Pit 1d; 315-320) up to 7500 RCYBP (Pit 1E; 145-150 cm) (Table 13). 

They are consistently present above 275 cm and are present in a number of levels below 

this (290-295, 300-305, and 315-320 cm) . Examination of, as yet, uncatalogued material 

indicates that they were probably consistently present in sediments below 145 cm (before 

approximately 7500 RCYBP). Cynomys is not very abundant in any of the levels, probably 

due to taphonomy. 

As at Hall's Cave, prairie dog remains are common, but never abundant, in other 

central Texas Late Pleistocene to middle Holocene deposits. Table 28 list some of the 

sites and ages from which they are known in the central Texas area. Cynomyswas 

distributed over the Edwards Plateau from the Late Pleistocene until at least 7500 RCYBP. 

In addition, it is known from two Pleistocene coastal sites in San Patricio County: Ingleside 

(Lundelius, 1972a) and Green Estates (Vertebrate Paleontology Laboratory catalogue) . 

This suggests that it also may have occupied much of the coastal plain during the 

Pleistocene. 

Site County Age (kRCYBP) Reference 

Hall's Cave Kerr >7.5->18 this study 

Schulze Cave Edwards Late Pleistocene Dalquest and others, 1969 

Friesenhahn Cave Bexar 17-19 & 8-9 Graham, 1986 

Cave Without A Name Kendall Late Pleistocene Lundelius, 1967 

Laubach I Williamson 14.5-17 Lundelius, 1985 

Laubach II Williamson 22-24 Lundel ius, 1985 

Felton Cave Sutton 7.5-8 Lundelius , 1967 

Scharbauer Ranch Midland Late Pleistocene VPLab records 

Montell Shelter Uvalde Late Pleistocene ? VPLab records 

Table 28 -- Central Texas sites that .have Cynomys sp. remains. Age of Schulze Cave 
follows discussion in Paleoenvironmental Analysis in Central Texas above. 
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The presence of Cynomys indicates that the vegetation and the soils of the Edwards 

Plateau were quite different than they are now. Prairie dogs indicate that fairly large areas of 

short- or mixed-grass vegetation must have been present in the area, and trees were 

probably not a very important component of the vegetation. The soils in these prairie areas 

must have been fairly deep, probably deeper than 2 meters. These deep soils were 

probably fairly loose, easily dug and were probably saturated only infrequently. In addition, 

the presence of C. ludovicianus may indicate that mean annual precipitation was less than 

about 77 cm. 

The extirpation of prairie dogs from the Edwards Plateau may have been due to 

changes in soil conditions, specifically to progressive soil loss. This soil loss led to 

decreasing soil thickness. About 7500 RCYBP, the soils within hunting distance of the 

cave probably were reduced to less than about 1 meters deep ( minimum C. ludovicianus 

burrow depth) and thus became uninhabitable for large colonies of Cynomys. This soil loss 

is a process that was probably taking place all over the Plateau. It will not be possible to 

determine whether the timing of this threshold was the same on other parts of the plateau, 

until more well dated sites are analyzed. 

The fact that the loss of prairie dogs coincides with the end of the deposition of the 

Red Clay (Unit 4) in Hall's Cave suggests that the soil loss recorded by the loss of Cynomys 

occurred on at least the upland portions of the plateau. 

Genus Sciurus 

Sciurus sp. 

tree squirrels 

Referred material: 41229-25 M1or2, Pit I; 15-30 cm; 41229-3730 rt M1 , Pit 1; 85-90 cm; 

41229-11635 It M1or2, Pit 1E;105-110 cm; 41229-11703 rt M1 or 2. Pit 1; 75-80 

cm 

Material referred to ?Sciurus: 41229-9889 rt mandible, fragment, Pit 1C; 105-110 cm; 

41229-10612 It mandible, fragment, Pit 1C; 190-195 cm 
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As noted in the discussion of Spermophilus, the sciurid material from Hall's Cave 

generally is limited to isolated teeth and edentulous jaw fragments. Isolated Sciurus teeth 

can be identified by their low crowns and quadrate occlusal surface. The Hall's Cave 

Sciurus material was identified by comparison with modern specimens, supplemented by 

the characteristics listed by Bryant (1945). 

The species of Sciurus cannot be distinguished based on the material from Hall's 

Cave. S. niger and S. carolinensis are the most likely species based on biogeography. 

These species can be distinguished from each other by the lack of a P3 in S. niger. 

Unfortunately, none of the material from Hall's Cave shows this character .. 

S. niger and S. carolinensis occur throughout area of North America east of the 

Rockies and generally south of Canada (Hall, 1981 ). S. niger is found over the eastern 2/3 

of Texas (Jones, et al., 1988). It occurs in the modern fauna of the Hall's Cave area and has 

been observed on the T.D. Hall Ranch. S. carolinensis ranges over the eastern 1/3 of 

Texas, but is not found on the Edwards Plateau today. 

Sciurus remains are rare in the Pleistocene and Holocene faunas of Texas. Sciurus 

remains of indeterminate species have been identified from Cave Without A Name and 

Longhorn Cavern (longhorn breccia). Sciurus niger has been identified from Lewisville 

(Slaughter, et al., 1962). Holocene occurrences include Sciurus sp. from Hinds Cave and 

S. niger from the Barton Road Site. 

Sciurus is found in a variety of environments. As their common name implies, trees 

are a common factor in the environments in which they are found. Trees are used as both a 

source of food and for shelter. Sciurus carolinensis and S. niger are found in forests 

(conifer and hardwood) , woodlands, and parklands (Burt and Grossenheider, 1976). 

The remains of Sciurus are very rare at Hall's Cave. They occur in small numbers and 

in only a few levels (Table 13). Two factors probably contribute to their rarity. As discussed 

with the other sciurids, the diurnal lifestyle of squirrels works against their inclusion in the 

fauna. Additionally, the lack of tree squirrels (as compared to ground squirrels) probably 

reflects a lack of wooded habitats in the vicinity of Hall's Cave. The same (largely open 

habitats) may be true over large portions of the Edwards Plateau; Spermophilus is much 

more common than Sciurus in Pleistocene and Holocene deposits on the plateau. In the 
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area around Hall's Cave, for much of the Late Pleistocene and Holocene, the nearest 

woodlands may have been in the riparian areas along the larger Guadalupe River drainages. 

Family Geomyidae 

Pocket gophers are some of the most informative taxa found at Hall's Cave. Three 

genera are found have been recovered: Geomys sp., Thomomys sp. and Cratogeomys 

castanops. Geomys and Thomomys are both common elements in the fauna; 

Cratogeomys is a very rare member of the fauna. In addition to differences in abundance, 

important differences in the stratigraphic distribution of these taxa occur within the deposit 

ass discussed below. 

All three genera have been found in Late Quaternary deposits from the central area 

of Texas (loosely defined) (Table 29). However, important variation in which geomyids are 

present in various places at various times are related to environmental conditions and 

changes. The paleoenvironmental implications of the historical biogeography of the 

geomyids are discussed below. 

All geomyids are specialized for subterranean life (Nowak and Paradiso, 1983). 

Thomomys was estimated to spend about 99% of its time underground (Grinnell, 1923). 

Geomyids feed primarily on the underground portions of plants, mainly roots and tubers, 

and at least Thomomys gets all required water from its food (Nowak and Paradiso, 1983). 

In spite of the fact that they spend most of their time underground, geomyids are 

preyed upon frequently by mammalian predators and raptors (Downhower and Hall, 1966). 

Predators on the geomyids include badgers, weasels, coyotes, and owls (Jones, et al. , 

1985). Schmidly (1983) listed hawks, skunks, domestic cats and burrowing snakes in 

addition to the predators listed by Jones and others (1985). Most predation losses 

apparently occur while gophers are above ground (Schmidly, 1983). They are easy prey on 

the surface, because they have poor eyesight and hearing, and cannot run rapidly 

(Downhower and Hall, 1966). Thomomys talpoides juveniles, which disperse above 

ground, are particularly vulnerable to predation by owls (Jones et al., 1985). Much of the 

material is from sub-adult individuals indicating that predation on dispersing sub-adults may 

be an important source of gopher remains at Hall's Cave. 
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Table 29 -- Some of the important latest Pleistocene and Holocene microvertebrate sites 
throughout Texas that contain one or more species of geomyid. All specific designations 
are those of the original author. 

Site 

Arenosa 

County 

Rockshelter Val Verde 
Geomyid identified Reference 

Cratogeomys castanops VP Lab catalogue 

The Avenue l.f . Travis Geomys cf . bursarius Lundelius , 1992 

Baker Cave 
Zone I (=9k) 

Val Verde 
Thomomys sp. 

Word and Douglas, 1970 
Hester, 1983 

Golondrina Hearth (=9k) Thomomys bottae 

Zone II (5.9-8.Sk) Thomomys sp. 

Zone Ill Geomys sp. 
Thomomys sp. 

Zone IV Thomomys sp. 
Cratogeomys castanops 

Zone V ( 1-3k) Geomys sp. 
Thomomys sp. 

Barton Road Site Travis Geomys bursarius Lundelius, 1967 

Bonfire Shelter 
Bone Bed 2 

Val Verde 
Cratogeomys castanops 

Frank, 1968 

Zone 3 Geomys sp. 
Thomomys sp. 

Cave Without 
AName 

Kendall Geomys bursarius Lundelius, 1967 

Cueva Quebrada Val Verde Thomomys bottae 
Cratogeomys castanops 

Lundelius , 1984 

Damp Cave Val Verde Geomys sp. VP Lab catalogue 

Devil's Mouth Val Verde Cratogeomys castanops Graham, 1987 

Don Williams Cave Hays Geomys sp. VP Lab catalogue 
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Table 29 (con't) 
Site County Geomyid identified Reference 

Dye Creek ( 1.3k) 

Eagle Cave 

Felton Cave 

41TG91 (""2.5-0.3k) 

Friesenhahn Cave 
17-19K 

8-9K 

black fill 

Hinds Cave 
6.7-9K 

4.4-5 .7K 

1.8K 

Howard Ranch 

Kincaid Shelter 

Kyle Site (1 .5-0 .5k) 

Laubach II 

Laubach Ill 

Laubach IV 

Levi Shelter 

Montague 

Val Verde 

Sutton 

Tom Green 

Bexar 

Val Verde 

Hardeman 

Uvalde 

Hill 

Williamson 

Williamson 

Williamson 

Travis 

Geomys bursarius 

Geomys sp. 

Geomys bursarius 

Geomys ci . bursarius 

Geomys sp. 

Geomys sp. 

Geomys sp. 

Geomys sp. 
Thomomys sp. 

Thomomys sp. 

Thomomys sp. 

Geomys bursarius 
Thomomys bottae 

Geomys sp. 
Cratogeomys castanops 

Geomys bursarius 

Geomys sp. 

Geomys sp. 

Geomys sp. 

Geomys sp. 

Dalquest and 
Hibbard, 1965 

VP Lab catalogue 

Lundelius, 1967 

Creel and others, 1990 

Graham, 1976, 1987 

Lord, 1984 

Dalquest and 
Schultz, 1992 

VP Lab catalogue 

Lundelius, 1967 

Lundelius , 1985 

Lundelius , 1985 

Lundelius , 1985 

Lundelius , 1967 
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Table 29 (con't) 
Site County Geomyid identified Reference 
Longhorn Cavern Burnet 

black fill 

Miller's Cave Llano 
travertine 

brown clay 

Montell Shelter Uvalde 

Rattlesnake Cavern Kinney 

Schulze Cave Edwards 
Late Pleistocene 

3-SK 

Seminole Sink Val Verde 
Zone 3 (late Pleist.) 

Zone 2 (4k) 

Zone 1 (0.3-0 .Sk) 

Wilson-Leonard Site Williamson 

Wunderl ich Site Comal 
(5.4-4k) 

Semken , 1961 
Geomys bursarius 

Patton, 1963 
Geomys bursarius 

Geomys bursarius 

Geomys bursarius Lundelius , 1967 

Geomys bursarius Semken, 1967 

Dalquest and others, 
Geomys bursarius 1969 
Thomomys umbrinus 

Geomys bursarius 
Thomomys umbrinus 

Rosenberg , 1985 
? Thomomys bottae 

Geomys cf. G. personatus 
Thomomys bottae 
Cratogeomys castanops 

Thomomys bottae 
?Cratogeomys castanops 

Geomys sp. Winkler, 1991 

Geomys bursarius Lundelius , 1967 

Downhower and Hall (1966) observed that the center of geomyid distribution is west 

of the Mississippi River and that almost all of the range of the family is in the west. They 

hypothesize that the distribution is related to the seasonal precipitation regime of western 

North America. The noted that plants that are adapt to a seasonal lack of moisture often 
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have thickened and enlarged roots . These enlarged roots provided a food source that 

pocket gophers evolved to exploit. 

Soil conditions are probably the most important factor in determining whether an area 

within the range of a geomyid species will be occupied by that pocket gopher. Jones and 

others ( 1985, p. 172) indicated that "Soil type is more important than vegetation for the 

distribution of pocket gophers." However, Downhower and Hall (1966) indicated that soil 

composition is second only to the presence of suitable plants for food in determining their 

presence or absence at sites within their range. Because of their dependence on soil type, 

the various pocket gophers provide important information on the soils that have occurred in 

the vicinity of Hall's Cave. The soil preference of Geomys sp. is discussed under its 

taxonomic account. Comparison of its requirements to those of the other two taxa is 

discussed in the section below on the significance of the various geomyids. 

Identification of the Geomyidae to generic level is relatively straight-forward. The 

genera usually can be identified from mandibles and maxillae, with or without teeth, and 

from isolated teeth. Dental characters, such as tooth size, tooth shape, and number and 

placement of enamel plates can be used to distinguish the genera (Dalquest, et al., 1969, 

for example) . Edentulous maxillae and mandibles can be identified by the shapes of the 

tooth alveoli (Lundelius, 1989, personal communication). Because of the complex and 

uncertain subgeneric systematics of both Geomys and Thomomys, no attempt to identify 

material from either genus to a specific level was made. 

Genus Thomomys 

Thomomys sp. 

smooth-toothed pocket gophers 

Referred Material: See Appendix A 

Pocket gophers of the genus Thomomys are found over most of the western half of 

North America from central Canada south to central Mexico (Figure 60) . Species are found 

in a variety of habitats including mountain meadows, deserts, prairies, and open woodlands 

(Nowak and Paradiso, 1983). It inhabits generally open areas, possibly because tree roots 
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could prove to be an obstruction in burrowing. In the plains states they usually are 

associated with shrublands, shortgrass prairie or coniferous forest (Armstrong, et al., 1986). 

The most important factors in controlling their distribution are probably the presence of the 

correct types of soil and competition from other species of pocket gophers (Miller, 1964). 

The types of soils utilized by Thomomys are discussed below in the comparison of the 

various species . 

The modem range of Thomomys in Texas includes portions of the western Edwards 

Plateau and Trans-Pecos Texas (Jones, et al., 1988). The eastern edge of its range 

apparently occurs in Uvalde, Edwards, Sutton, Kimble, Menard and Concho Counties 

(Hollander, et al., 1987b); this is just to the north and west of Hall's Cave. Its distribution in 

these counties is not continuous but is a patchwork based on edaphic conditions (Dalquest 

and Kilpatrick, 1973). Most of its Texas range is semi-arid and arid grassland, shrubs, brush 

and woodlands (McMahan, et al., 1984). 

At Hall's Cave, smooth-toothed pocket gophers have been recovered mainly in 

deposits of Holocene age (Figure 61; Table 13). One specimen was recovered from a 15 

cm level 165-180 cm (9000 and 10,500 RCYBP). Single specimens also occur in levels 

dating to 5800-6100 RCYBP (115-120 cm) and to 7320 ± 21 ORCYBP (140-145 cm) . 

Thomomys is consistently present in the deposit from level 100-105 cm to level 45-50 cm 

(approximately 5500 to 2500 RCYBP). It is found in about hatt the levels between 40-45 

and 5-10 cm (approximately 2500 to 500 RCYBP). 

Based on the stratigraphic distribution and abundances, I hypothesize the following 

timing of Thomomys presence and population densities in the neighborhood of Hall's 

Cave. Before approximately 10,500 RCYBP, it was absent from within hunting distance of 

Hall's Cave. Thomomys was probably only present within hunting distance of Hall's Cave in 

very low density or sporadically (or most likely both) between approximately 1 O,500 and 

5500 RCYBP. After approximately 5500 RCYBP Thomomys was much more common. 

From then until 2500 RCYBP, it probably was continuously present in relatively high 

population densities. After approximately 2500 RCYBP, it appears to have become less 

abundant or to have been extirpated from the area during several intervals . It was finally 

extirpated permanently from within hunting distance of Hall's Cave during the past 500 

years and is not found in the area today. 
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l'·/:·:.-JThomomys spp. 

~ Geomys spp. 

11111 Cratogeomys castanops 

Figure 60 -- Generalized geographic ranges of Geomys spp., Thomomys spp. and 
Cratogeomys castanops. Ranges of Geomys and Thomomys after Burt and Grossenheider 
(1976) , that of C. castanopsfrom Davidow-Henry and others (1989) . 
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Figure 61 -- Stratigraphic occurrence and abundance of Geomys and Thomomys based 
on number of catalogued specimens in 5 cm levels. In addition to the occurrences shown 
above Geomys is present in the following levels (abundance in parentheses): 310-315 cm 
(1), 315-320 cm (1), 325-330 (3). One specimen of Thomomys also is present in the 15 cm 
level 165-180. 

Based on the records from Schulze Cave and Klein Cave, Dalquest and Kilpatrick 

(1973) suggested that Thomomys range expanded significantly eastward from the latest 

Pleistocene until at least 4000 RCYBP. They further suggested (p. 5) that Geomys and 

Thomomys ''were sympatric at least over most of the eastern part of the Edwards Plateau." 

My analysis of both Hall's Cave and the records from the sites in Table 29 suggests 

Thomomys Geomys 

20 0 20 40 
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otherwise. No extralimital records of Thomomys from definitely Late Pleistocene contexts 

occur in central Texas. In addition, there are no records at all from the eastern half of the 

plateau. The only extralimital record is Hall's Cave; this record is only marginally extralimital 

(less than 15 km based on the range noted by Dalquest and Kilpatrick, 1973). In addition, 

the Hall's Cave record only supports the idea of a significant population of Thomomys after 

5500 RCYBP and not for the early or middle Holocene. The only eastward range extension 

that the data supports occurred about 5500 RCYBP; this range extension may have been 

only a slight shift. It is recorded only at Hall's Cave and not in any sites further to the east. 

The presence of Thomomys in the Late Pleistocene deposits at Schulze Cave is 

very interesting when contrasted with its absence at Hall's Cave during that time. I interpret 

this to indicate that the eastern edge of the range of Thomomys may have been at 

approximately the same geographic position in the Late Pleistocene as it was in the late 

1960's as characterized by Dalquest and Kilpatrick (1973). During the late Pleistocene, the 

range of Thomomys had to have been within the hunting range of owls from Schulze Cave 

but not Hall's Cave. The modem range (Dalquest and Kilpatrick, 1973) would just satisfy 

these conditions, as would any westward range shift up to about 30 km. An eastward shift 

from the modern position would have put Thomomys within the Hall's Cave hunting range 

and any westward shift of over about 30 km probably would have removed it from the 

Schulze Cave hunting range. The fact that Thomomys inhabits largely short-grass habitats 

may indicate that these habitats became an important component of the Late Pleistocene 

environment at approximately the modern Edwards-Kerr County line. East of this line, 

mixed-grass habitats were probably the only important grassy habitats; west of it short

grasses may have been more important. 

An interesting factor that may be correlated with the distribution of Thomomys is 

relict soils and cave sediments. The Late Pleistocene sediments at Schulze Cave are 

described as "mostly a fine-grained, brown, clay-like material rich in carbonate grit" 

(Dalquest, et al., 1969, p. 208). This is in contrast to the red clay of the Pleistocene and 

early Holocene at Hall's Cave; indeed almost all of the Thomomys remains at Hall's Cave 

also occur in brown sediments. Thomomys may not have inhabited the mature, very deep 

soils from which the red clay sediment were derived. Soil surveys and soil maps of the 

Edwards Plateau counties indicate that soils formed on limestone with red B horizons 

(redder than 5YR) are absent west of extreme eastern Edwards County. The lack of these 
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soils indicates that either the deep red soils were not formed on the western plateau, or that 

they have been completely removed. In addition, the cave fills of the western plateau (like 

Schulze Cave and Seminole Sink) lack red sediments. This implies that if the soils with red 

horizons were once present but were removed, they apparently were removed prior to the 

deposition of Late Pleistocene cave sediments. 

During the early and middle Holocene the range of Thomomys may have shifted at 

least slightly eastward, as noted above. The eastern edge of the range probably averaged 

slightly west of the hunting range of the owls at Hall's Cave. It apparently shifted far enough 

east to be within the Hall's cave collection radius from time to time. Because of these shifts, 

Thomomys occurs in the deposit only sporadically. 

By 5500 RCYBP the range of Thomomys had shifted far enough eastward so that it 

was a regular component of the diet of the raptors utilizing Hall's Cave. The range must 

have extended at least 10 km further east than modern. This may indicate an increase in 

short-grass or semi-desert shrub habitats in the area around Hall's Cave or may be related to 

soil changes (see below). After approximately 2500 RCYBP, Thomomys becomes much 

less common in the deposit (Figure 61). This may be due range retraction; however, 

because Geomys also is rarer after this time (Figure 61 ), I suspect that the rarity of 

Thomomys is due to the fact that the environment had become generally unsuitable for all 

geomyids. The soils of the area, which had been becoming shallower over time, became 

too shallow for gophers in most areas. Pocket gophers, both Geomys and Thomomys, 

probably were living only in isolated pockets of deeper soil. 

Dalquest and Kilpatrick (1973) were correct when they noted that Geomys and 

Thomomys were sympatric over a large area of the plateau for much of the Late 

Pleistocene and Holocene. However, this was true only over the western half of the 

plateau. The sympatry was due to Geomys extending its range west (see below) into areas 

that were (and still are) inhabited by Thomomys rather than to a significant eastward 

expansion of the Thomomys range. 

The preceding discussion of Thomomys historical biogeography is applicable only to 

the Edwards Plateau. The presence of Thomomys in north-central Texas and panhandle 

Pleistocene deposits such as Lubbock Lake (Johnson, 1987) and Howard Ranch 

(Dalquest and Schultz, 1992) indicates that a substantial eastward range extension 

occurred north of the plateau. Why this eastward range extension did not occur on the 
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Edwards Plateau is not known; perhaps Thomomys was kept off of the Edwards by 

competitive interactions with Geomys. Another possibility is that the eastern haH of the 

Edwards Plateau may have been too moist for Thomomys . 

Genus Geomys 

Geomys sp. 

eastern pocket gophers 

Referred Material: See Appendix A 

Although the genus Geomys is easy to distinguish from other geomyid genera, the 

identification of fossil material to species is impossible. The specific and sub-specific level 

taxonomy of the genus has been in a constant state of revision. Most of the revision is due 

to allozymic and chromosomal work on the species (see for example Honeycutt and 

Schmidly, 1979, and Block and Zimmerman, 1991). At least seven nominal species of 

Geomys are found in Texas today, based on the allozymic the work of Block and 

Zimmerman (1991 ). These species are G. arenius (El Paso County), G. attwateri (east 

central Texas), G. breviceps (northeastern Texas), G. bursarius (north-central and most of 

panhandle), G. knoxjonesi (southwestern panhandle), G. personatus (southern Texas), 

and G. texensis (Llano uplift region). Fossil material generally lacks the preservation 

necessary for chromosomal or allozymic identification. Honeycutt and Schmidly (1979) 

gave morphometric information that could be used to tell some species apart; 

unfortunately, fossil specimens are generally not complete enough for use of these 

morphometric criteria. For these reasons, the Hall's Cave material is identified only as 

Geomys sp. 

In spite of the fact that seven species of Geomys occur in Texas, It does not currently 

occur in the vicinity of Hall's Cave or on most of the Edwards Plateau. The nearest 

occurrences of Geomys are in Mason, Llano, and possibly northern Gillespie County 

(Dalquest and Kilpatrick, 1973). These occurrences represent G. texensis (listed as G. 
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bursarius texensis by Dalquest and Kilpatrick) living in the deep sandy soils on the Llano 

uplift. 

Geomys is an important burrowing mammals throughout the grassy areas of the 

central United States (Hall, 1981) (Figure 60). It is common in the tallgrass and mixed 

prairies (Armstrong, et al., 1986) and in other open habitats such as pastures, roadways, 

alfalfa fields, and railroad rights-of-way (Burt and Grossenheider, 1976). It also is commonly 

found in strips of sandy alluvium along major rivers in eastern Texas (at least) Schmidly 

(1983). 

Pocket gophers of the genus Geomys prefer soils in which they can burrow easily . 

The soil characteristics that apparently exert control on their distribution include texture, 

moisture and depth (Downhower and Hall, 1966, for example). 

Soils inhabited by Geomys generally are fairly sandy and have less than 30% clay 

(Honeycutt and Schmidly, 1979; Downhower and Hall, 1966). Common textures for soils in 

which it is found include sandy clay loam, loam and sandy loam (Honeycutt and Schmidly, 

1979; Downhower and Hall, 1966). Downhower and Hall (1966) indicated that they had 

found no Geomys living in soils that contained less than 40% sand or more than 30% clay. 

Honeycutt and Schmidly (1979) showed that their preference for loamy soils was so strong 

that clayey soils acted as isolating mechanisms between different chromosomal races in 

east Texas. It also would avoid soils that have excessive amounts of very coarse material 

such as gravel and rocks (Miller, 1964) or indurated horizons nearthe surface. 

Soil moisture is another important characteristic affecting Geomys distribution and 

habitat utilization. In east Texas it is excluded from soils capable of containing over 24% 

moisture (Honeycutt and Schmidly, 1979). This may be due to excessive clays or to high 

moisture conditions in the humid climate. In New Mexico it utilizes soils with moderate (16

51 mmthr) or higher permeabilities (Best, 1973). Geomys microhabitat selection in Indiana, 

where it tends to utilize small well-drained hillocks rather than intervening flats (Downhower 

and Hall, 1966), also indicates a preferences for well-drained soils. Davis and others 

(1938) suggested that the absence of Geomys from the Ochlockonee silt loam in east 

Texas is due to frequent flooding. 

Another crucial factor in the microhabitat selection and distribution of Geomys is soil 

depth (Downhower and Hall, 1966; Davis, et al., 1938). The crucial depth apparently is the 

depth of friable "upper soil" rather than the total depth of the solum; this includes the A and 
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the B horizon above the depth with large amounts of clay. If the parent material is alluvium, 

and there is little clay or a poorly developed Bt, the whole B and even the C horizons may 

be available to gophers. If an indurated horizon or an horizon with excessive clay is close to 

the surface, the available soil depth may be too shallow for gophers even if the entire depth 

of soil is great enough. In east Texas at least 100 mm of "upper soil" must be available for 

Geomysto be present (Davis, et al., 1938). Because the average diameter of a Geomys 

burrow is probably between 60 and 80 mm (Davis, 1974; Best, 1973), shallower burrows 

would probably collapse. The minimum soil thickness utilized by Geomys in Kansas is 150 

mm (Downhower and Hall, 1966). They also suggested that greater minimum depth would 

be expected in areas with severe winters because of the need for thermal insulation and 

the need for a sufficient depth of unfrozen soil. 

In the Hall's Cave deposits, Geomys has one of the widest stratigraphic occurrences 

of any animal. On the basis of catalogued specimens, it is recovered to a depth of at least 

325-330 cm. It is consistently present in the deposit from 250-255 cm up to 20-25 cm 

(Figure 61; Table 13). The gaps in its distribution in this interval are interpreted to be the 

result of analysis gaps rather than real intervals in which they are missing. Preliminary 

examination of uncatalogued material indicates that Geomys is present in, not only in many 

gaps above 250 cm, but also in some of the gap below 250. The preliminary indication is 

that Geomys has been present within hunting distance of Hall's Cave for the entire interval 

from at least 330 cm (projected age >20,000 RCYBP) to 20 cm (=1200 RCYBP). It probably 

was absent within hunting distance for approximately the last 1000 years. Geomys is not 

known within hunting distance of the cave today. 

The abundance of Geomys remains in the cave fill varies greatly from level to level 

(Figure 61 ). Unfortunately, the measure of abundance shown in the figure (number of 

catalogued specimens) is affected by many factors both taphonomic and analytical. For this 

reason the raw abundance data on Geomys cannot necessarily be used as a direct 

indication of the number of Geomys in the environment. I have instead used the relative 

abundance of Geomys and Thomomys as an environmental indicator. This is discussed 

further under the Significance of the Various Geomyids, below. 

Geomys is one of the most ubiquitous mammals from Late Pleistocene and 

Holocene deposits in central Texas. Based on the occurrences at Hall's Cave and in other 

sites (Table 29), the historical biogeography of the Geomys on the Edwards Plateau can be 
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summarized. It was present on the plateau from at least 23,000 and was present at least as 

far west a Edwards County during the Late Pleistocene. It was present on the plateau west 

to Edwards County until approximately 3000 RCYBP and as far west as western Kerr 

County until about 1000 RCYBP. The presence of Geomys at Rattlesnake Cavern (Sutton 

County) in historic age deposits and 41TG91 (Tom Green County) in the latest Late 

Prehistoric indicates that it was present on at least parts of the western plateau until historic 

times. In addition to its presence on the Edwards Plateau, Geomys was also present on 

the Stockton Plateau in the Amistad Reservoir region during at least portions of the 

Holocene. It has not been recovered from Late Pleistocene contexts from this region; 

however, the sampling of deposits in this region is poor especially for the Late Pleistocene. 

The extirpation of Geomys from the Edwards Plateau has been a subject of 

conjecture since the late 1950's. The most widely accepted hypothesis was proposed by 

Semken ( 1961). He noted that both Geomys and Mus were present in the black fill from 

Longhorn Cavern. This indicated that Geomys was present within hunting distance of the 

cave during historic times. However, it does not currently occur in the area. Semken 

( 1961) suggested that it was extirpated historically due to soil loss caused by increased 

erosion related to overgrazing by European livestock. The same scenario was thought to 

apply to the material from Rattlesnake Cavern (Semken, 1967). The explanation has been 

used as a general model for the extirpation of Geomys in central Texas. However, the 

stratigraphic distribution of Geomys at Hall's Cave is not in agreement with this explanation. 

At Hall's Cave it is not recovered in levels younger than approximately 1000 RCYBP. Based 

on this occurrence and the general pattern of faunal change at Hall's Cave, I suggest that 

the extirpation in the area of Hall's Cave was due to long term soil loss that had been 

occurring over the period of at least the last 15,000 ACY. The soils got progressively 

shallower and by about 1000 RCYBP the soils either had become so shallow that they no 

longer supported Geomys, or were so dissected that Geomys could not colonize the 

remaining areas which were deep enough. It seems likely that the progressive soil loss 

would have become severe enough to eliminate Geomys at different times in different 

places. Some areas retained a thick enough soil mantle for its survival until historic times. 

The fact that Hall's Cave is high on the landscape may be a factor in the timing difference. If 

the was soil lost progressively down the landscape, one would expect the divides to 

become denuded first and the valleys later. Longhorn Cavern, Rattlesnake Cavern, and 
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41TG91 all are lower on the landscape and have alluvial fills within hunting range of the 

sites. 

Genus Cratogeomys 

Cratogeomys castanops 

yellow-faced pocket gopher 

Material referred to cf. Cratogeomys castanops : 41229-361 O; M1 or M2, Pit 1; 45-50 cm; 

41229-8186; rt mandible, fragment, Pit 1; 60-65 cm; 

Material referred to Cratogeomys castanops or Geomys sp.: 41229-9412, 2 molars, Pit 

1C; 60-65 cm; 

The small amount of material that has been referred to Cratogeomys castanops was 

identified on the basis of size. It is slightly larger than the other geomyid material. In 

addition, the molars all have only one enamel plate. This indicates that they must be either 

Cratogeomys upper or lower molars or Geomys lower molars. 

Cratogeomys castanops is distributed from central Mexico through Trans-Pecos 

Texas, the Texas and Oklahoma panhandles, eastern New Mexico, southwestern Kansas, 

southeastern Colorado, and along the entire length of the Rio Grande (Hall, 1981). Figure 

60 shows the distribution. The nearest occurrence to Hall's Cave which is supported by 

specimens is from Val Verde County (Davis, 1974), however, Davis also includes parts of 

Edwards and Sutton Counties in its range. If it does occur in either of these counties those 

occurrences would be the nearest to Hall's Cave. A climate tolerance graph based on this 

distribution is shown in Figure 62. The habitats it utilizes include mainly open habitats such 

as desert shrub, dry grasslands and cultivated lands (Davidow-Henry, et al., 1989). Like 

Geomys and Thomomys, its distribution is highly dependent on the presence of suitable 

type of soils. The soil tolerances of C. castanops are discussed below. 
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Figure 62 -- Cl imatic tolerance diagram (mean monthly temperature Vs average monthly 
precipitation) for Cratogeomys castanops (geographic range as in Hall, 1981). Diagram is 
derived by the method described under Climatic Tolerance Analysis , above. Much of its 
range is in Mexico; climatic data from this portion of the range is not included in the 
tolerance diagram. 

The three specimens from Hall's Cave come from two levels which date to the late 

Holocene: 2500 and 2750 RCYBP (45-50 cm), and 3250 and 3500 RCYBP (60-65 cm). 

Other central Texas finds of C. castanops include several archeological sites from Val Verde 

County (Table 29). In that area, which is within the modern range, it is found in both Late 

Pleistocene and Holocene contexts. It may have occurred in Val Verde County throughout 

this time period; however, the number of dated specimens is fairly low. The only extralimital 

central Texas occurrence besides Hall's Cave is from Kincaid Shelter. Unfortunately, the 

specimen is from a disturbed context and its precise age cannot be ascertained. 

Significance of the Various Geomylds 

Although many factors affect the distribution of the various pocket gophers on both a 

macro-scale and micro-scale, some of the most important are climate, vegetation types, and 

geologic substrates. Many of these factors are related to soil types and, probably, limit 



294 

geomyids through soil type preferences and tolerances. For instance, both Thomomys 

and Cratogeomys occur in areas that are more arid than those in which Geomys is found. 

Russell (1968) suggested that Cratogeomys was favored over Geomys in habitats with 

less than 46 cm precipitation. This is probably, at least partly, due to the fact that soils tend 

to be less well developed in more arid situations. 

The soil preferences and tolerances of Geomys discussed above are also the 

preferred soils for both Thomomys and Cratogeomys. However, both Thomomys and 

Cratogeomys also will utilize soils that are not utilized by Geomys, especially when either or 

both are sympatric with Geomys. In northeastern New Mexico C. castanops utilizes soils 

that are significantly shallower (maximum depth: mean= 53.7 cm vs. 76.7 cm), clayier in the 

surface soil (mean of loam to clay loam vs. sandy loam to loam), and less permeable (mean 

1.1 mm/hr vs. 21 .5 mm/hr) than G. bursarius (Best, 1973). In addition, C. castanops is 

found in loose gravelly soils that Geomysdoes not use (Miller, 1964). Thomomys also 

uses significantly less burrowable soils than Geomys (Miller, 1964; Best, 1973). In New 

Mexico it inhabits even clayier soils (mean surface soil = clay loam to loam; mean subsoil = 

clay loam) than Cratogeomys (Best, 1973). Like Cratogeomys it is also found in gravelly 

soils (Miller, 1964). 

The ecological interaction among Geomys bursarius, Thomomys bottae, T. talpoides 

and Cratogeomys castanops in Colorado were summarized by Miller (1964) ; he found that 

the preferences and tolerances of the species are as shown in Figure 63. In a similar study 

of three of these species (no T. talpoides) in Union County, New Mexico, Best (1973) 

found a similar relationship. The major difference was that in New Mexico C. castanops had 

a slightly larger tolerance range than the other two. The two studies also yielded similar 

results in terms of competitive interactions between the different species. In places where 

Geomys bursarius occurred with any of the other species, it occurred in the most favorable 

habitats and the other species were displaced to the more marginal habitats (or completely 

displaced if the species tolerance was exceeded). C. castanops competitively displaces 

Thomomys where they co-occur. In summary the competitive ability of the species is as 

follows: G. bursarius > C. castanops > T. bottae > T. talpoides (Miller, 1964; Best, 1973) 

in areas where they are sympatric. 
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Figure 63 -- Soil texture and depth tolerances of various geomyid species in Colorado 
(after Miller, 1964). All prefer the same types of deep loamy soils, but Cratogeomys 
castanops and Thomomys spp. will also occur in other soils. 

As shown in Figure 61, Geomys and Thomomys have very different stratigraphic and 

abundance distributions at Hall's Cave. These differences are an important potential 

source of ecological information, most notably on soil changes. Unfortunately, taphonomic 

and cataloguing factors make it impossible to depend on raw data on abundance. For this 

reason I have used the changes of relative abundance of the two species as an indicator. 

The use of the relative abundances of the two species has several advantages. 

Geomys and Thomomys probably entered the cave in similar ways (as raptor or mammalian 

carnivore dinners) . I have found no indication that either is differentially selected for by 

predators (compared to each other) when both are in the environment. If this assumption 

correct, the use of the relative abundance should partially correct for taphonomic biases 

and cataloguing biases. The geomyids have not been differentially catalogued with 

respect to each other; however, the levels have been. Large number of geomyids in some 

levels is sometimes partially due to the fact that these levels have been more completely 

catalogued. This will not affect the ratio (except in that it may be based on fewer 
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specimens) as long as no differential cataloging of one geomyid as compared to another 

has taken place. 

The relative abundance index that I have used is the percentage Thomomys within 

the total sample of Geomys and Thomomys for each level. The abundance measure used 

to make the abundance graph above (Figure 61) and the relative abundance graph is the 

number of catalogued specimens (i.e. catalogue numbers used). Some catalogue 

numbers contain multiple specimens (i.e. 5 P4's) so this number is lower than number of 

individual specimens (NISP). However, I have analyzed the index using both number of 

catalogue numbers used and number of individual specimens and the results were the 

same. For this reason only the results based on catalogue numbers used is shown. The 

relative abundance is determined using the following formula for each level. 

[Thomomys I (Thomomys + Geomys ) ] X 100 

The index varies from zero (all Geomys) to 100 (all Thomomys ). In some levels the ratio 

cannot be evaluated because neither Geomys nor Thomomys are present. The results are 

shown in Figure 64. 

The most notable features of the stratigraphic distribution of the percentage 

Thomomys index are as follows: Thomomys is generally lacking below 105 cm . A rapid 

switch from a Geomys-dominated fauna to a Thomomys-dominated fauna occurs at that 

point. Above a depth of 45 cm the dominance fluctuates. All of these changes probably 

are linked to environmental changes (most notably changes in soil type). 

In evaluating changes in the relative abundance of geomyids, it is important to 

consider what types of geologic substrates are found within hunting range of the site. In 

the case of Hall's Cave the Segovia Member of the Cretaceous Edwards Formation makes 

up most of the substrate in the hunting area (Barnes and Rose, 1981). The other 

substrates are also Cretaceous limestones. Very little area is covered with alluvial terrace 

deposits (Barnes and Rose, 1981) and the alluvial soil assemblage, Nuvalde-Oakalla

Boerne, has not been mapped in the area near the cave (Dittemore and Coburn, 1986). 

The lack of alluvial deposits means that almost all of the area is underlain by upland 

substrates; for this reason, the geomyids in the deposit probably were captured by raptors 
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or mammalian carnivores from soils formed on upland substrates. For this reason, the 

geomyids at Hall's Cave indicate the conditions on the uplands. 
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Figure 64 -- Relative abundances of Thomomys and Geomys in 5 cm levels from 
Composite Pit I. Abundance is expressed in terms of percentage of total catalogued 
specimens of Geomys and Thomomys that have been assigned to Thomomys. Levels 
such as 0-5 and 115-120 are shown as "not applicable" (na) on the graph because they do 
not contain catalogued remains that have been identified to genus. The data are the same 
as those shown in Figure 61 above. It is important to note that the number of specimens 
used to determine the ratio varies. In some cases the percentage Thomomys is 0 or 100 
because only few specimens have been recorded. This is especially true in the upper 50 
cm of the deposit. 
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The fact that Geomys dominated the geomyid fauna from Hall's Cave before 

approximately 5400 RCYBP (105 cm) indicates that from >20,000 RCYBP to 5400 RCYBP 

the Edwards Plateau was covered with very different types of soil than it is today. The soils 

were much deeper, less rocky, had a coarser matrix, and were moister than the modern 

soils around the cave. The soils almost certainly had textures near a loam or sandy loam, 

and were not rocky, in contrast to most of the modem soils of the area (Dittemore and 

Coburn, 1986). The soils were much deeper than the very shallow soils in the area today; 

however, the exact depth of the soil is not constrained. The minimum depth for A horizons 

of soils in the area was 4 cm, but it was probably significantly deeper. Other data (see, for 

instance, the account of Cynomys) indicate that in portions of the interval soils were 

probably at least 2 m deep. The soils were well drained and probably were significantly 

moister than the modern ones. The characteristics described above and the red color of 

the soil derived sediments in the cave indicate that the soils were probably very mature soils 

which had formed over a long period (at least tens to hundreds of thousands of years) . 

The change in geomyid fauna from Geomys-dominated to Thomomys-dominated at 

105 cm (approximately 5400 RCYBP) is interpreted as indicating important soil change. 

After this time, the predominant soils probably were less easily burrowed and less suitable 

for Geomys than earlier. Changes may have included drying, loss of depth, increased 

rockiness and/or increased clays. These changes probably affected the dominant soils 

and led to a change in most common geomyid. Some soils continued to support Geomys , 

which were still found in parts of the area. This suggests that the landscape was 

progressively down wasting, and that the process may have been proceeding up or down 

the landscape possibly in a patchwork manner. 

It is difficult to assess what soil change factors were most important. Any or all of 

them, depth, texture , rockiness, or moisture, could have led to the change in the fauna. 

Although I suspect that all of the factors played a part in the change, at least one line of 

evidence suggests that soil moisture may have been the most important factor in the 

change in geomyids. The fact that Geomys returned to the fauna after 2500 RCYBP 

indicates that the factor that eliminated them was at least partially reversible. Within the time 

frame of the changes exhibited at Hall's Cave. most of the factors would not have been 

reversible. Soil depth and texture cannot be altered rapidly enough on the Edwards 

limestone under the climatic conditions prevalent in central Texas, because the Edwards is 
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a very pure limestone with less than 5% insoluble constituents {Rodda, et al., 1966). It 

would not have been possible to dissolve enough of it to create a significant new soil depth 

or to significantly alter soil texture in the time required without a change to tropical 

weathering conditions. The soils during the Thomomys-dominated were probably 

shallower than earlier soils; however, they probably were not shallow enough to exclude 

Geomys. Dryness of the dominant soils was probably the factor that excluded Geomys. 

The tentative identification of several Cratogeomys castanops in Thomomys-dominated 

levels also supports the idea of drier soil conditions. 

The fact that the change in geomyid fauna is coincident with a major sediment 

change in the cave is important. The sediments of the Dark Brown Unit {Unit 3) probably 

represent these more marginal, less mature, shallower, drier soils in which Thomomys 

could out-compete Geomys. However, the abrupt change in sediment type and 

somewhat abrupt change in geomyid fauna does not necessarily indicate that the soils on 

the landscape changed abruptly. I do not interpret the change to represent a soil stripping 

event in which the soils were suddenly lost and replaced with a new {poorer from the 

viewpoint of Geomys) soil. Instead, I interpret both changes as indicating that the more 

gradual soil degradation sequence finally passed a threshold below which Geomys was no 

longer the favored geomyid. The tact that other soil dependent animals were lost at other 

levels in the sequence {see accounts of Cynomys, Dipodomys, Sea/opus, and Microtus 

pinetorum tor example) points to a longer term, more gradual soil change. 

The soil changes that are indicated by the changes in geomyid fauna probably were 

the result of the climatic changes occurring throughout the latest Pleistocene and 

Holocene. All of the soil changes are consistent with progressive soil loss under drying 

climatic conditions. This general drying trend may have culminated in especially dry 

conditions during the deposition of sediments containing the Thomomys-dominated 

fauna. 

By the end of the time during which the Thomomys-dominated fauna was deposited 

{approximately 2500 RCYBP), the soils were probably of marginal depth and texture tor 

geomyid use. By this time the habitats that geomyids would tolerate may have been limited 

to of isolated pockets of acceptable soils. This would account for the increasing rarity of 

geomyid remains in the upper deposits. Early in the post-2500 RCYBP interval, conditions 

may have become somewhat more mesic. This would have permitted the return to 
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dominance of Geomys (within the remaining soil pockets) that is observed between 45 and 

35 cm (approximately 2500 to 2000 RCYBP). However, the fluctuating fauna may be 

largely a result of chance sampling of both gophers from various isolated pockets of good 

soil. At around approximately 1000 RCYBP the soil conditions (probably mainly depth and 

moisture) had deteriorated enough to eliminate Geomys on the uplands around Hall's 

Cave. Its presence at other sites on the Edwards Plateau indicate that it probably 

continued to be present in alluvial settings until historic times. Thomomys, which is tolerant 

of more marginal conditions, remained in the area until at least 500 RCYBP and may have 

been present within hunting range of Hall's Cave into historic times. The final elimination of 

Thomomys in central Kerr County may be related the anthropogenic effects described by 

Semken (1961 ). 

Famlly Heteromyidae 

Subfamily Perognathinae 

Mice of the subfamily Perognathinae probably are the most common animals in the 

Late Pleistocene and Holocene faunas of central Texas. The subfamily includes two 

genera Perognathus and Chaetodipus (Nowak, 1991). These two genera are quite similar 

and were considered to be subgenera of the genus Perognathus by Hall (1981). Both 

genera occur frequently Quaternary faunas of Texas (see for example Graham, 1987). 

Identification to subfamily level is based on the presence of four, rooted, 

quadrangular, generally bilophodont cheek teeth. The distinctive root pattern allows 

edentulous material to be identified. The two genera are differentiated largely on the basis 

of size: Chaetodipus is a medium to large mouse; Perognathus is a small to medium 

mouse. For practical reasons, only species occurring east of the continental divide (based 

on ranges in Hall, 1981) were considered for identification of the Hall's Cave material. 

Chaetodipus species considered include C. hispidus, C. penicilliatus, C. lineatus, C. 

nelsoni , and C. intermedius. Perognathus species considered include P. tasciatus, P. 

flavus, and P. flavescens. P. merriami, which frequently has been identified from Texas 

faunas, is considered a subspecies of P. flavus (Hall, 1981). Jones and others (1992) 

recognize P. merriami and P. flavus as separate species; however, I have followed Hall 
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( 1981). Of the species considered only C. lineatus and P. fasciatus do not occur in Texas 

today (Jones, et al., 1988). 

Size is the most important distinguishing feature in distinguishing the species within 

the two genera on the basis of fossil material (Dalquest and Stangl, 1984a). C. hispidus is a 

large mouse with a body length (total length minus tail length) of 110-120 mm (Hall, 1981). 

C. penicilliatus, C. netsoni, C. intermedius and C. lineatus are medium sized mice with 

body lengths of a 80-90 mm, 75-85 mm, 69-77 mm and 78 mm respectively (Hall, 1981). P. 

flavescens, P. flavus and P. fasciatus are all small mice with body lengths of 66-81 mm, 56

60 mm, and 70 mm (Hall, 1981). The size difference is also reflected in the length of the 

mandibular cheek tooth row (P4-M3) (Table 30). 

Taxon Measure Range (mm) Source 

C. hispidus ALMnT 4.0-4 .75 Dalquest and Stangl, 1984 

C. nelsoni ALMnT 3.35-3.70 Dalquest and Stangl, 1984 

C. intermedius ALMnT 3.25-3.70 Dalquest and Stangl, 1984 

C. penicilliatus ALMnT 3.35-3.70 Dalquest and Stangl, 1984 

P. flavus ALMnT 2.65-3.30 Dalquest and Stangl, 1984 

P. fasciatus LMnT 2.5-3.20 Williams and Genoways, 1979 

P. flavescens LMnT 2.5-2 .95 Williams and Genoways, 1979 

Table 30 -- Sizes of the various perognathine mice considered for comparison to the 
Hall's Cave material. The sizes are reflected by the alveolar length of the mandibular tooth 
row (ALMnT) and the actual length of the mandibular tooth row (LMnT) . These two 
measures are closely comparable. Comparable measurements are not available for C. 
lineatus . However, body size measurements suggest that it would group with the medium 
sized Chaetodipus species (e.g. C. intermedius, C. penicilliatus and C. nelsom) . 

Generic and specific identification of the Hall's Cave material is based on size. All of 

the material (mandibles and maxillae) is either large (length of tooth row> 4 mm) or small 

(tooth row < 3.3 mm). None of the Hall's Cave material yet examined appears to have come 

from a medium-sized Chaetodipus species. For practical reasons not all of the Hall's Cave 

material was measured. Only specimens that were potentially of intermediate size were 

measured. In all cases these specimens fell into either the large or small group. All of the 

Hall's Cave material is identified as either C. hispidus (larger material) or Perognathus sp. 

(small) (smaller material). 
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Genus Perognathus 

Perognathus sp. (small) 

silky pocket mice 

Referred Material: See Appendix A 

The small heteromyine material has been assigned to the genus Perognathus ; 

however, it could not be identified to species. As noted above, the Perognathus species 

considered in the identification of Hall's Cave material were P. flavescens, P. flavus, and P. 

fasciatus. Most of the central Texas studies, e.g. Schulze Cave (Dalquest et al., 1969), 

have considered the two species that are present in Texas : P. flavus and P. flavescens. 

However, because other portions of the faunas are extralimital (e.g. Zapus sp., Sorex 

cinereus, and M. pennsylvanicus), P. fasciatus should also be considered. 

The catalogued material is limited to dentulous and edentulous palates, maxillae, and 

mandibles. Skull characters have been identified that will separate the species (Hall, 1981 ; 

Dalquest, et al., 1969), but no relatively complete skulls have been recovered from Hall's 

Cave. I have not been able to find reliable morphological characters that will separate these 

three species. It is not even possible to tell whether all of the Hall's Cave material is from a 

single species. For this reason the Perognathus material is catalogued as follows: P. 

flavescens or flavus or fasciatus (all material below 155 cm) and P. flavescens or flavus (all 

material above 155 cm) . This stratigraphic break for the cataloguing is arbitrary; however, all 

of the more distantly extralimital material from other species is found below 2 m. Because 

P. flavus occurs on the Edwards Plateau today, it probably is present in at least the upper 

levels of Hall's Cave. All of the material is discussed here as Perognathus sp. (small). 

All three species of Perognathus range through various open habitats in the plains 

and the semi-desert southwest (Jones, et al., 1985). P. fasciatus is found farther north 

than the other two. It ranges from southern Alberta to southern Colorado and from western 

Montana and Wyoming to eastern North and South Dakota (Hall, 1981). P. flavescens 
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ranges across the plains from central Minnesota, Iowa , and North Dakota, southwest 

through Nebraska, Kansas, western Oklahoma, onto the Rolling and High Plains of Texas 

(Hall, 1981 ). In addition, it ranges through most of New Mexico and into the Great Basin 

(Hall , 1981 ). Perognathus flavus occurs in the western Plains from southwestern South 

Dakota and eastern Wyoming south through eastern Colorado, Western Kansas, western 

Oklahoma, virtually all of New Mexico, south-eastern and north-eastern Arizona, central and 

western Texas, and south through central Mexico to the state of Puebla (Hall, 1981). In 

Texas P. flavus is found west of a line from approximately Fort Worth to Austin to Corpus 

Christi (Davis, 1974). All of the Edwards Plateau is included within its range. Each of the 

three species occurs with the other two and they are all sympatric in western Nebraska and 

central Colorado (Hall, 1981). 

P. flavescens, P. flavus and P. fasciatus all inhabit generally semi-arid to arid open 

habitats. They are found mostly in grassland or steppe vegetations (Jones, et al., 1985; 

Davis, 1974). Their burrow systems vary from relatively short, shallow burrows (P. flavus, 

Davis, 1974) to systems 1.8 m deep and extending over an area of 6 m across (P. fasciatus, 

Jones, et al., 1985). P. flavescens and P. fasciatus utilize sandy soils (Jones et al., 1985). 

P. flavus has a wider range of tolerance, inhabiting both rocky and loamy soils (Jones, et al., 

1985). All of the small Perognathus species are preyed on by owls, mammalian carnivores 

and snakes (Jones, et al., 1985). 

Perognathus sp. (small), in its various incarnations, is one of the most ubiquitous and 

abundant taxa in Quaternary deposits of Texas. It is present at many sites (Table 31) and is 

one of the most abundant taxa in the central Texas late Quaternary. It is the second most 

common taxon at Hall's Cave in terms of catalogued specimens. At least 1290 maxillae, 

mandibles, and palates have been recovered and catalogued. It is also one of the most 

abundant mammals in the uncatalogued materials. Perognathus sp. (small) also is the 

second most common taxon at Schulze Cave (793 specimens) (Dalquest, et al., 1969). It 

seems likely that they are common and abundant because they have been common in the 

environment and have been frequently preyed upon by animals that utilize caves. 

At Hall's Cave Perognathus sp. (small) is present in deposits from a projected age of 

16,000 RCYBP (230-235 cm) to the present (Table 13). They are consistently present 

above 215 cm (projected age 14,000 RCYBP). The greater general rarity of small material 

and poorer sampling below 230 cm makes it impossible to interpret the lack of Perognathus 
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remains as indicating a lack of small Perognathus species in the environment before 

16,000 RCYBP. In addition, they are known from other sites that date slightly older. The 

Hall's Cave and other records indicate that at least one species of small Perognathus has 

been an important member of the central Texas mammalian fauna throughout the Late 

Wisconsin and Holocene. 

Site Perognathus identified Reference 
Bonfire Shelter 
Cueva Quebrada 
Fowlkes Cave 
Felton Cave 
Friesenhahn Cave 
Hinds Cave 
Howard Ranch 
Kyle Site 
Laubach Cave IV 
Longhorn Cavern 
Pratt Cave 
Rattlesnake Cavern 
Schulze Cave 
Seminole Sink 

P. sp. • 
P. sp. • 
P. flavus 
P. merriami 
P. sp. 
P. flavus 
P. sp. 
P. flavus or flavescens 
P. flavus 
P. merriami 
P. merriami 
P. merriami 
P. cf. P. merriami 
P. flavus 

Frank, 1968 
Lundelius, 1984 
Dalquest and Stangl, 1984a 
Lundelius , 1967 
Graham, 1976 
Lord, 1984 
Dalquest, 1965 
TMM catalogue 
Lundelius , 1985 
Semken, 1961 
Lundelius, 1979 
Semken, 1967 
Dalquest and others, 1969 
Rosenberg, 1985 

Table 31 -- Some of the important latest Pleistocene and Holocene microvertebrate sites 
that contain a small species of Perognathus. These Perognathus spp. records are 
considered to represent the same general set of taxa as the Hall's Cave material catalogued 
as P. sp. (small) . Records marked with a • were published as P. sp. without a size qualifier. 
They are included here because examination of the specimens indicates that a small 
species was present. 

The abundance of the remains of Perognathus sp. (small) varies greatly within the 

stratigraphy. Although much of the variation in abundance is related to cataloguing bias, 

real and significant variation does exist. For example, the levels around 85 cm and 145 cm 

contain very high numbers of them. The changes in abundance are interpreted as relating 

to the interaction between changes in short term sedimentation rate (possibly including 

both small condensed sections and diastems), raptor and carnivore utilization of the cave , 

and changes in Perognathus abundance in the ecosystem (long term variation rather than 

short term cycles). 

The ecological significance of the presence of Perognathus sp. (small) could be 

better evaluated if it were possible to determine which species are present. The modern 
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presence of P. flavus on the plateau means that the fossil presence does not indicate that 

any change in environment has taken place. The presence of Perognathus sp. does 

suggest that open grassy habitats have been prevalent within hunting distance of the cave 

since at least 16,000 RCYBP. 

Chaetodipus hispidus Baird 

hispid pocket mouse 

Referred Material: See Appendix A 

C. hispidus inhabits a wide variety of habitats throughout much of the plains of 

central and southwestern North America (Figure 65). It inhabits almost any sort of generally 

open habitat including, mixed- and shortgrass grasslands, semi-desert shrub and cultivated 

fields (Paulson, 1988). Chaetodipus utilizes short burrow systems in a variety of soil types 

(Paulson, 1988); these burrows are often constructed under limestone slabs (Blair, 1937). 

It is usually most abundant in areas with sandy soils and open (not vegetated) areas (Jones, 

et al., 1985). The climatic tolerance of C. hispidus is shown in Figure 66. 

C. hispidus is an important prey item for a wide variety of carnivorous animals. 

Important predators include many mammalian carnivores, owls (including Bubo virginianus), 

and Crotalus spp. (Paulson, 1988). Most of the C. hispidus remains found in Hall's Cave 

probably are the result of carnivore activity. 

Chaetodipus hispidus is probably the single most common and abundant mammal in 

central Texas Quaternary faunas. It is represented at Hall's Cave by over 2390 catalogued 

specimens. It also is probably the most common taxon in the uncatalogued materials. This 

taxon is also the most abundant mammal at Friesenhahn Cave (represented by over 1300 

mandible or skull fragments) (Graham, 1976) and the third most abundant mammal at 

Schulze Cave (represented by 743 specimens) (Dalquest, et al., 1969). In addition, it is 

present in all faunas with an important microfaunal component. Table 32 gives a partial list 

of Texas sites where it has been found. 



306 

• Chaetodipus hispidus 

Figure 65 -- Modern distribution of Chaetodipus hispidus (after Paulson, 1988). 
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Figure 66 ·· Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for C. hispidus (geographic range from Paulson, 1988), Diagram is derived 
by the method described under Climatic Tolerance Analysis, above. 

Sites containing Chaetodipus hispidus 

Baker Cave Barton Road Site Bering Sinkhole 

Bonfire Shelter Cave Without A Name Clear Creek 

Felton Cave Fowlkes Cave Friesenhahn Cave 

Hall's Cave Hinds Cave Howard Ranch 

Kincaid Shelter Laubach IV Longhorn Cavern 

Lubbock Lake Miller's Cave Montell Rockshelter 

Pratt Cave Rattlesnake Cave Seminole Canyon Cave 
Table 32 -- Some of the more important vertebrate sites in Texas that contain C. hispidus 
remains. Data from Graham (1986) , Lundelius et al., (1983), Dalquest and Stangl (1984a), 
Lundelius (1985) and Vertebrate Paleontology Laboratory records. 

C. hispidus remains are present throughout much of the Hall's Cave deposits (Table 

13). It is present from the top of the deposit to at least a depth of 250 cm (projected age 

17,500 RCYBP). The abundance of C. hispidus remains varies incredibly within the 
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deposit. There are large increases in abundance in the levels near 85 cm and 145 cm. 

These increases occur in both the catalogued and uncatalogued material. However, some 

abundance differences are more difficult to evaluate. Early in the analysis, heteromyid 

remains were a cataloguing priority, so that they are somewhat over represented in the 

catalogued specimens below specimen number 41229-8000; later in the analysis they 

were virtually ignored. Thus, some of the changes are related to cataloguing rather than 

being real differences in representation; however some are real and due to other 

taphonomic factors. These factors might include changes in short term sedimentation rate, 

changes in predator usage, and changes in the abundance of C. hispidus. Below 

approximately 170 cm in depth, there does seem to be a reduction in heteromyids 

compared to both sigmodontines and arvicolines in both the catalogued and uncatalogued 

material. The significance of this apparent reduction is not known. 

Based on Hall's Cave and other records, C. hispidus has inhabited the Edwards 

Plateau for the last approximately 20,000 ACY. Because it is present in the area today, its 

presence does not necessarily indicate environmental change. It does, however, indicate 

that the environment certainly contained significant open, grassy habitats throughout the 

Latest Pleistocene and Holocene. In addition, it sets some limits on the amount of change 

that could have occurred. 

Subfamily Dipodomyinae 

Genus Dipodomys 

kangaroo rats 

Material Referred to D. elator : 41229-192 rt mandible w/ I, Pit I; 120-135 cm; 41229-272 rt 

mandible w/ 1-M2, Pit I; 135-150 cm; 41229-273 It mandible w/ l-P4, Pit I; 135-150 

cm; 41229-486 rt mandible, Bear Pit; Black Dirt; 41229-2778 It mandible, anterior 

2/3 w/ I, dP4-M3, Pit 1C; 185-190 cm; 41229-3440 rt mandible, w/ l-P4, Pit I; 135

150 cm; 41229-3441 rt mandible, w/ P4, Pit I; 135-150 cm; 41229-5012 It 

mandible, w/ P4, Pit 1C; 140-145 cm; 41229-6296 It mandible, w/ l-M1, Pit 1d; 152

155 cm; 41229-6301 It mandible, w/ I, Pit 1d; 120-125 cm; 41229-11109 It 
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mandible, w/ l-P4, Pit 1d/E; 215-220 cm; 41229-11926 It mandible, w/ l-P4, Pit 

1d/E; 225-230 cm; 41229-11927 It mandible, posterior w/ M1-3, Pit 1d/E; 225-230 

cm; 41229-11928 It mandible, anterior w/ M2, Pit 1 d/E; 225-230 cm 

Material Referred to D. cf. D. elator : 41229-274 It mandible w/ dP4, Pit I; 135-150 cm; 

Material Referred to D. compactus or D. elator : 41229-5157 rt mandible, middle 1/3 w/ 

P4-M2, Pit 1C; 180-185 cm; 41229-11196 rt mandible, anterior 3/4 w/ l-P4, Pit 1d/E; 

205-210 cm; 

Material Referred to D. compactus or D. elator or D. ordii:: 41229-2532 rt maxilla, w/ P4, 

M3, Pit 1 B; 200-205 cm; 41229-2758 rt maxilla, anterior, Pit 1C; 205-21 O cm; 41229

3442 It mandible, anteriorw/P4, Pit I; 135-150 cm; 41229-3738 rt maxilla, Pit 1C; 

205-210 cm; 41229-8053 It mandible, anteriorw/ P4-M1, Pit 1d; 152-155 cm; 

41229-10165 It & rt premaxilla and It maxilla, Pit 1C; 185-190 cm; 41229-10852 rt 

maxilla, w/ P4, Pit 1d/E; 125-130 cm; 41229-11031 It maxilla, w/ P4-M3, Pit 1d/E; 

230-235 cm; 41229-11032 It mandible, anterior w/ P4-M1, Pit 1d/E; 230-235 cm; 

41229-11033 It mandible, anterior w/ P4, Pit 1d/E; 230-235 cm; 41229-11110 It 

maxilla, w/ P4-M 1, Pit 1 d/E; 215-220 cm; 41229-11284 It maxilla, w/ P4-M 1, Pit 1 d/E; 

325-330 cm; 41229-11517 It mandible, anterior w/ l-P4, Pit 1d/E; 230-235 cm; 

41229-11929 rt maxilla, Pit 1d/E; 175-180 cm; 41229-11930 It maxilla, w/ P4-M2, Pit 

1d/E; 170-175 cm; 

Material Referred to Dipodomys sp.: 41229-5105 Molar, Pit 1C; 210-215 cm; 41229

10450 Molar, Pit 1d; 155-160 cm; 41229-10946 M1or2, Pit 1d; 300-305 cm; 

Kangaroo rats (genus Dipodomys) are small to large heteromyids. Their mandibles 

and maxillae can be distinguished from those of other heteromyids by their rootless 

premolars and molars. They can be distinguished from the superficially similar geomyids by 

the fact that Dipodomys is much smaller and has molars with both anterior and posterior 

enamel plates (unlike geomyids). At least 23 species of Dipodomys are known from North 

America (Hall, 1981 ). The five that are found in Texas were considered the most likely for 
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the Hall's Cave material. These five are 0 . compactus, 0. elator, 0 . merriami, 0 . ordii, and 0 . 

spectabilis (Jones et al., 1988). Most of the other species are found far to west of central 

Texas, and many are limited to California, Baja California and the Great Basin desert (Hall, 

1981 ). 

The species-level identification of skulls and mandibles of the five Texas Oipodomys 

is based on several characters. The first character is size. The crania and mandibles of 0. 

spectabilis are noticeably larger than those of the other species. None of the Hall's Cave 

material is large enough to be 0. spectabilis. The dentition of 0 . merriami is slightly smaller 

than that of 0. ordii (Dalquest and Stangl, 1984a). 0. compactus and 0. elator are 

approximately the same size as 0 . ordii and the three cannot be separated reliably on the 

basis of size. None of the Hall's Cave mandibles or maxillae are small enough to be 0. 

me"iami. Isolated molars are not easily separated on the basis of size. For this reason, they 

have been identified only to generic level. 

Dalquest and Carpenter (1986) suggest characters on the enamel cap of p4 that can 

be used to separate the five species. Unfortunately, as they note, this enamel cap is 

present for a relatively short duration. After even limited wear on the p4, the characters of 

Dalquest and Carpenter (1986) cannot be evaluated. None of the Hall's Cave maxillae have 

a p4 for which the characters can be evaluated. 

Mandibles are more useful than maxillae for the identification of species of 

Oipodomys. Mandibles of the five species vary in the development of the retromolar fossa. 

The development of this fossa is a taxonomically useful character in the genus Geomys 

(Wilkins, 1984), and I have found that it also is taxonomically useful within the genus 

Oipodomys. In Geomys this fossa serves as the insertion for the pars orbitalis of the 

temporalis muscle (Wilkins, 1984). Its function is presumed to be the same in Oipodomys. 

The retromolar fossa is poorly developed or absent on 0 . elator mandibles. It is moderately 

developed in both 0 . compactus and 0. merriami. The fossa is deep and well developed in 

0 . spectabilis and 0. ordii. This is the character that I have used to identify the Hall's Cave 

material. For this reason, only mandibles could be identified to species level. Maxillae were 

only identified as coming from a medium-sized Oipodomys (0. compactus or 0. elator or 

0. ordi1). 
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D. elator is the only Dipodomys that definitively has been identified from Hall's Cave 

based on the development of the retromolar fossa. However, all of the other Dipodomys 

material from the cave could be from this species. It seems likely that this is the case. 

Dipodomys elator Merriam 

Texas kangaroo rat 

Referred Material: See above 

The modern distribution of Dipodomys elator is extremely limited. Its recognized 

historic range includes only nine counties in north-central Texas (Archer, Baylor, Clay, 

Foard, Hardeman, Montague, Motley, Wilbarger, and Wichita) and two counties in 

Oklahoma (Cotton and Comanche) (Carter, et al., 1985; Baumgardner, 1987). D. elator 

also has been reported from Coryell County on the basis of a description of a lost specimen 

(Blair, 1954), but this record has generally been discounted (Martin and Matocha, 1972). 

The ecology of D. elator is not particularly well known. It is found in open habitat 

containing mesquite (Prosopis glandulosa). Much of its range is classified as mesquite

lotebush shrub with lesser amounts of mesquite-juniper brush (McMahan, et al., 1984). 

Carter and others ( 1985, p. 1) described their habitat as "characterized by scattered 

mesquite shrubs ... and sparse, short grasses." This suggests that it inhabits the more 

open areas of the mesquite-lotebush shrub. D. elator is apparently always found 

associated with habitats containing mesquite. It was never trapped more than 0.7 km from 

the nearest mesquite (Martin and Matocha, 1972). D. elator seems to use the mesquite as 

shelter rather than food. Prosopis is only an infrequent dietary item (Carter et al., 1985); 

however, they often have their burrows at the bases of mesquite bushes (Davis, 1974). 

D. elator lives in burrow systems that average 2.5 m in length with an average depth 

of 45 cm (Roberts and Packard, 1973). The burrowing nature of D. elator results in limits on 

their habitat due to soil type. Their burrows are most frequently located in clay loam soils; 

however, they also were relatively abundant on a sandy loam soil (59.53% sand, 39.40 % 

silt, and 1.07% clay) (Roberts and Packard, 1973). They are found on soils with as much as 

91% sand (Roberts and Packard, 1973). Roberts and Packard (1973) hypothesized that 
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the amount of sand was not the major limiting factor on habitat utilization; they suggested 

that a lack of clay (or relatively small amounts) was required for their burrowing. This does 

not seem well supported in view of their frequent use of clay loams. 

As discussed above, D. elator is the only species of Dipodomys that has been 

identified from Hall's Cave. It has previously been recorded from only Laubach Cave Ill 

(Lundelius, 1985). This specimen (TMM 41343-20), a maxilla with p4_M2, was identified on 

the development of its dentine tracts (Lundelius, 1992, personal communication) . The 

specimen is correctly identified, although the development of dentine tracts has not been 

used in the identification of Hall's Cave specimens. In addition, I have identified one 

mandible of D. elator from Zesch Cave (40685-31). Interestingly, no fossil sites containing 

D. elator are known from northwestern Texas, including from within its modern range 

(Dalquest and Schultz, 1992). The Howard Ranch l.f., from nearthe edge of the range of 

both D. elator and D. ordii in Hardeman County, contains only D. ordii (Dalquest and 

Schultz, 1992). 

At Hall's Cave Dipodomys is present in sediments ranging from >20,000 RCYBP 

(41229-10946, -10956, and -11284) to approximately 6100 to 6400 RCYBP (41229-6301) 

(Table 13). Although it is not abundant anywhere in the deposit, it is consistently present 

below 120 cm depth in Composite Pit I. The absence of catalogued Dipodomys in some 

levels below 120 cm (such as between 160 and 170 cm and between 235 and 300 cm) is 

difficult to evaluate. They may be real absences in the environment, cataloguing biases, or 

chance absences. Dipodomys remains are sparse in all levels. For example, in working 

with the material from the sandy portion of Unit 4 (below approximately 270 cm), I have 

noticed that Dipodomys is a consistent member of the fauna. However, much of this 

material is not yet catalogued. For these reasons I have chosen not to treat the various 

changes in abundances and presence below 120 cm as significant. Their absence above 

approximately 120 cm, however, is interpreted as being significant. In this case it has not 

been recovered for a full 1.2 m. Chance absence, due to sampling or cataloguing, can 

reasonably explain a portion of the absence, but not all of it. Therefore, the timing of 

extirpation of Dipodomys from the Hall's Cave area is interpreted as being approximately 

6000 RCYBP. 

The presence of D. elator has several paleoecological implications. It indicates that 

within hunting area of the cave there were areas (possibly extensive) of relatively firm soils 
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that were probably no more clayey than a clay loam and may have been quite sandy. These 

soils were probably at least 50 cm in depth. In addition, the presence of D. elator suggests 

that these soils supported a relatively open habitat. This open habitat may have included 

some Prosopis glandulosa. 

Unfortunately, the presence of Prosopis will be difficult to confirm. It does not 

produce much pollen and its pollen is readily degraded; thus it rarely shows up in pollen 

studies even when it is locally present (S. Hall, 1991, personal communication). Although 

present on the Edwards Plateau today, Prosopis is not an important component of the 

vegetation on the western plateau (McMahon, et al., 1984). It is limited mainly to areas of 

deeper soils 

Dipodomys species other than D. elator are well represented in central Texas 

faunas. Dipodomys sp. is recorded from Friesenhahn Cave (Graham, 1976), Laubach 

Cave II (Lundelius, 1985), Bonfire Shelter, Baker Cave (Hester, 1983), and Hinds Cave 

(Lord, 1984). I have not been able to identify any of this material to species. D. ordii has 

been identified from Schulze Cave (Dalquest et al., 1969). D. merriami has been identified 

from Hinds Cave (Lord, 1984). 

The Quaternary biogeographic history of the genus Dipodomys in central Texas 

seems complex. Both D. ordii and D. elator are known on the Edwards Plateau from 

outside their current ranges. The presence of D. ordii at Schulze Cave at the same time 

that D. elator was present 50 km away at Hall's Cave is puzzling. This situation may 

represent a real division, Thomomys is present at Schulze Cave at the same time 

(Dalquest, et al., 1969) but is absent from Hall's Cave (see above). In western Kerr County 

D. elator was apparently extirpated around 6000 RCYBP. Likewise, D. ordii is absent from 

Schulze Cave deposits dating around 3500 RCYBP (Dalquest, et al., 1969). Both taxa may 

have been eliminated due to deteriorating soil conditions, probably the removal of soil 

resulting in soils too thin for adequate burrows. Even their modern biogeography is 

problematic. In view of their presence in the Late Pleistocene and Holocene in central 

Texas, the Coryell County record and the modem distribution both might represent 

remnants of a once more widely distributed D. elator population. 
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Family Muridae 

Subfamily Sigmodontinae 

Six genera of sigmodontines, Reithrodontomys, Peromyscus, Baiomys, 

Onychomys, Sigmodon and Neotoma, have been recovered from the Hall's Cave 

deposits. Despite this, they are probably the most under-analyzed and under catalogued 

group of mammals from the Hall's Cave deposits. With the exception of Sigmodon 

hispidus, none of them has been very high on the priority list for analysis because 1 ) they 

have generally low identifiablity and 2) at the levels to which they can be identified they 

provide relatively little paleoenvironmental information. Reithrodontomys, Peromyscus 

and Baiomys were catalogued only rarely. For this reason, all of the sigmodontines, except 

possibly Sigmodon, are relatively more abundant in the uncatalogued materials than their 

catalogued abundances would suggest. Because of the limited analysis, the discussion of 

the sigmodontines (with the exception of Sigmodon) should be considered only a 

preliminary analysis. The reliability of the information on each taxon will be discussed in the 

systematic treatments below. 

The sigmodontines have posed many hitherto intractable problems in identification. 

These have contributed to both the difficulty working with them and the limited information 

they can provide. For instance, no satisfactory and reliable criteria exist for separation of 

species of Peromyscus or of Neotoma. These two genera could provide important 

paleoecological information if they could be identified to species. However, at the generic 

level they are extremely widespread taxa with little environmental restriction. The 

phylogenetic and taxonomic study that would be required to make these taxa identifiable is 

well beyond the scope of this study. The separation of large Reithrodontomys from small 

Peromyscus and small Reithrodontomys from Baiomys also can be a problem. Many of 

the identification problems are complicated further when mandibles and maxillae lack one or 

more teeth, as is common in the Hall's Cave fauna. The only sigmodontines that I have 

readily identified to species are Onychomys leucogaster and Sigmodon hispidus. 

Preliminary sorting has not revealed any remains assignable to Oryzomys palustris. 

Although it may have been overlooked, neither myself nor Mr. Billy Davidson has noticed 

any in picking and sorting Hall's Cave material. 
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While the apparent absence of Oryzomys is only a preliminary finding, it is 

interesting. Oryzomys has been recovered from three sites on and around the Edwards 

Plateau. At Schulze Cave (Oalquest, et al., 1969) it was recovered from Unit C1. It also was 

recovered from Montell Shelter in Uvalde County (Lundelius, 1967), and the Wilson

Leonard Site (41WM235) (Winkler, 1990). Its absence from Hall's Cave, if it is a real 

absence, may be due to the upland position of the site. If Oryzomys was in the area of 

Hall's Cave during the Late Pleistocene, it might have been limited to the riparian areas. 

Genus Reithrodontomys 

Reithrodontomys spp. 

harvest mice 

Referred Material: See Appendix A 

Reithrodontomys is a small to medium-sized sigmodontine with relatively 

brachydont teeth. Most species are smaller than most Peromyscus species, although, 

large species of Reithrodontomys overlap in size with smaller species of Peromyscus. 

Many of the species of Reithrodontomys have greatly reduced M3'S compared to 

Peromyscus; unfortunately, some of the larger species of Reithrodontomys, such as R. 

megalotis, are also the species with less reduced M3's. In general, Reithrodontomys is 

larger than Baiomys, but some size overlap does occur. 

At least 19 species of Reithrodontomys occur in North America (Hall, 1981), but only 

seven occur north of central Mexico. Of the four species currently occurring in Texas (R. 

fulvescens, R. humulis, R. megalotis, and R, montanus), two occur on the Edwards Plateau 

(R. fulvescens and R. montanus) (Jones, et al., 1988). The genus occurs throughout the 

southeastern United States, throughout most of the lower altitude portions of all of the 

United States west of the Mississippi and throughout Mexico (Hall, 1981). They inhabit a 

wide variety of habitats ranging from salt marsh to tropical forests; however, short grass 

areas often are an important element in their habitats (Nowak and Paradiso, 1988). The 

Hall's Cave material may represent one or more species of Reithrodontomys. Given their 

modern distributions, both R. fulvescens and R. montanus probably are represented (at 
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least in the upper portions of the deposit). Other species also may be present in the 

deposit. 

At least one species of Reithrodontomys is found in many of the important 

Quaternary fossil deposits on the Edwards Plateau. Table 33 lists species that have been 

reported from some of these sites. Most of the sites which lack Reithrodontomys remains 

also lack those of other micromammals (e.g., Hinds Cave, Cueva Quebrada). 

No particular environmental or taphonomic importance is suggested by the presence 

of the genus at Hall's Cave. It occurs in the deposits from at least 250-255 cm (=17,500 

RCYBP) to the top of the deposit and also in 350-355 cm (>20,000 RCYBP). Several large 

gaps in its occurrence are present in the catalogued material. These gaps may be of very 

limited significance as it is unlikely that Reithrodontomys was absent from central Texas 

during any of the last 20,000 years. However, below about 250 cm in both the catalogued 

and uncatalogued material, remains of Reithrodontomys appear to be relatively rarer 

compared to remains of Peromyscus. The significance of this is not known. 

Genus Peromyscus 

Peromyscus spp. 

white-footed and deer mice 

Referred Material: See Appendix A 

Peromyscus is a medium-sized sigmodontine with alternating, bunodont cusps and 

an unreduced M3. Identification beyond genus level is one of the most intractable 

problems in Late Quaternary vertebrate paleontology. Approximately 55 species of 

Peromyscus occur in North America (Nowak, 1991 ). Nine of these species occur in the 

modern Texas fauna: P. attwateri, P. boy/ii, P. difficilis, P. eremicus, P. gossypinus, P. 

leucopus, P. maniculatus, P. pectoralis, and P. truei. Complicating the problem stemming 

from the number of species is the fact that, in many species, intraspecific variation in 

characters that might be useful in identification frequently exceeds interspecific variation. 
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Site Reithrodontomys identified Reference 
Barton Road Site R. sp. 

Bonfire Shelter R. sp. 

Cave Without A Name 

Felton Cave 

Fern Cave 

Fowlkes Cave 

Friesenhahn Cave 

Longhorn .Cavern 

Miller's Cave 

Rattlesnake Cavern 

Schulze Cave 

The Avenue l.f . 

R. sp. 

R. sp. 
R. ? megalotis 

R. sp. 

R. montanus 
R. megalotis 
R. cf. fulvescens 

R. sp. 
R. montanus 
R. inegalotis 

R. sp. 

R. megalotis 

R. sp. 

R. montanus 
R. megalotis 
R. fulvescens 

R. sp. 

Lundelius, 1967 

Frank, 1968 

TMM collection 

Lundelius, 1967 

Lundelius , 1967 

Dalquest and Stangl , 1984a 

Graham, 1976 

Semken, 1961 

Patton, 1963 

Semken, 1967 

Dalquest and others, 1969 

Lundelius, 1992 

Table 33 -- Some of the important latest Pleistocene and Holocene microvertebrate sites 
which contain one or more species of Reithrodontomys. All specific designations are 
those of the original author. 

An attempt by Dalquest and Stangl (1983) to develop a scheme for identifying 

species of Peromyscus provides an example of the problems. They tried to establish 

characteristics which would distinguish the seven species found in Trans-Pecos Texas (P. 

boy/ii, P. difficilis, P. eremicus, P. leucopus, P. maniculatus, P. pectoralis, and P. truei.) . 

This effort by Dalquest and Stangl (1983) is one of the best; in that they considered a fairly 

large array of possible species (although not all that might be expected to be found in 
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Trans-Pecos fossil sites) and attempted to quantify intra-specific variation. The first problem 

for identification is that, for almost all characters used, each species shows multiple states, 

with varying percentages of individuals showing each state. Therefore, a particular 

specimen never can be identified unequivocally as belong to one and only one species, 

but can only be assigned to a "most probable" identification. A more fundamental problem 

is that many of the species exhibit large amounts of geographic variation for some of the 

characters (Dalquest and Stangl, 1983). However, the samples used by Dalquest and 

Stangl for determining characteristics for identification come from a small area (often only 

Culberson County). The result is that the identification criteria can only be considered valid 

for relatively recent (Late Holocene?) sites from a limited geographic area (perhaps only 

Culberson County). 

Because of these uncertainties in identification, I have chosen to identify the Hall's 

Cave material as Peromyscus sp. Multiple species unquestionably are represented. Four 

species occur in the Kerr County area today: P. attwateri, P. leucopus, P. maniculatus and 

P. pectoralis (Jones et al., 1988); of these, P. attwateri has been trapped near the cave 

during my work. At least these four species probably are represented in the upper levels of 

the deposit. Many of the Hall's Cave mandibles exhibit moderately to well developed 

capsular processes (character states 1 and 2 of Dalquest and Stangl, 1983). This suggest 

that P. maniculatus and I or P. leucopus are prominent in the deposits (Dalquest and 

Stangl, 1983; Lundelius, 1984); however, P. gossypinus, of the southeastern United 

States, also exhibits this state (Dalquest and Schultz, 1992) as do some individuals of P. 

eremicus (Dalquest and Stangl, 1983). Other Hall's Cave specimens have little 

development of the capsular process, indicating that species other than P. maniculatus 

and P. leucopus also were present. 

At the generic level, Peromyscus is of little value as a paleoenvironmental indicator. 

As noted by Dalquest and Schultz (1982, P. 138) "Virtually every habitat [in North and 

Central America) where mice are able to live is occupied by one or more species of 

Peromyscus." P. maniculatus alone is found in habitats ranging from alpine areas and 

boreal forests to woodlands to arid tropical and subtropical areas (Nowak and Paradiso, 

1985). Mice of this genus are frequently the most abundant mammals in the habitats in 

which they are found (Nowak and Paradiso, 1985). Because they are common and 

abundant, Peromyscus are frequent prey items of many mammalian and avian carnivores, 
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including owls, snakes, foxes, coyotes, bobcats, opossums, feral house cats, skunks, 

weasels, badgers, and mink (Schmidly, 1983). Although they are a common prey of owls, 

several studies indicate that they may be somewhat less commonly taken than some other 

prey items (notably arvicolines, some heteromyids, and Reithrodontomys spp.) (see, for 

example, data in Craighead and Craighead, 1969; Manning and Jones, 1990; Marti, et al., 

1986) . 

Due to its abundance in the ecosystem and its prevalence as a prey item, 

Peromyscus is ubiquitous in paleontological sites. Almost no sites that have been 

adequately screened lack Peromyscus remains. Lundelius and others (1983) list 64 sites 

in the United States which contain at least one species of Peromyscus. Table 34 lists some 

of the central Texas sites from which various Peromyscus species have been identified. 

The table does not list the many sites, including important sites like Cueva Ouebrada and 

Cave Without A Name, from which only Peromyscus sp. has been identified. 

Peromyscus remains are well represented at Hall's Cave in both catalogued and 

uncatalogued material. In general, it is more abundantly represented in uncatalogued 

material than in the material that has been catalogued. In catalogued material it is present 

from the top of the deposit to approximately the bottom of the excavation (350-355 cm) . 

Although there are some gaps in its stratigraphic distribution, uncatalogued material 

bridges these gaps. Therefore, Peromyscus is interpreted to have been present 

throughout the time of deposition (>20,000 RCYBP projected to modern). Its abundance, 

like that of all of the small mammals, fluctuates a great deal from level to level. It is abundant 

in the levels where other mice ( Chaetodipus, Perognathus , and Microtus) and shrews 

(Blarina, Cryptotis, and NotiosoreX') are abundant. Like the other taxa, it is generally less 

abundant (in absolute terms) below approximately 250 cm. However, in these lower levels 

it seems to be relatively more abundant than heteromyids or Reithrodontomys sp. In 

general Peromyscus sp. does not seem to be as abundant as Chaetodipus hispidus in the 

deposit above 200 cm. The reason tor this may be raptor prey preferences. 



320 

Site 
Barton Road Site 

Peromyscus identified 

P. leucopus 
P. sp. 

Reference 
Lundelius , 1967 

Fowlkes Cave P. boy/ii 
P. difficilis 
P. eremicus 
P. leucopus 
P. maniculatus 
P. pectoralis 

Dalquest and Stangl , 1984a 

Friesenhahn Cave P. boy/ii 
P. maniculatus 
P. cf. P. eremicus 
P. leucopus 
P. gossypinus 

Martin, 1968 

Miller's Cave P. leucopus 
P. sp. 

Patton, 1963 

Schulze Cave P. boy/ii 
P. leucopus 
P. maniculatus 
P. pectoralis 

Dalquest and others , 1969 

Table 34 -- Some of the important latest Pleistocene and Holocene microvertebrate sites 
which contain one or more species of Peromyscus. Many other sites containing only P. 
sp. are excluded. All specific designations are those of the original author. 

Genus Baiomys 

Baiomys taylori (Thomas) 

northern pygmy mouse 

Referred Material: See Appendix A 

As both the scientific and common names imply, Baiomys is one of the smallest 

sigmodontines in North America. Its mandibles and maxillae can be distinguished from all 

other sigmodontines, except some Reithrodontomys, by its smaller size. It can be 
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distinguished from Reithrodontomys by its better-developed, posteriorly-directed, 

coronoid process and by the relatively simple teeth with high anteriorly inclined cusps and 

no accessory cuspules (Lundetius, 1984). 

The genus contains two species. 8. taylori is found from eastern Tex as south 

through eastern Mexico into central Mexico, and from western Mexico north into New 

Mexico and Arizona (Hall, 1981). The other species, 8. musculus is found in southwestern 

Mexico south to Nicaragua (Hall, 1981 ). Only 8 . taylori was considered in identifying the 

Hall's Cave material. In Texas it currently ranges throughout most of the eastern half of the 

state, north and west to Collingsworth, Lubbock, and Schleicher Counties (Jones, et al., 

1988) . 

Considerable discussion has occurred concerning the apparent recent expansion of 

the range of 8aiomys taylori (Stangl, et al., 1983; Hollander, et al., 1987a,b). In Hall and 

Kelson (1959) the edge of the range extended from approximately to Hardin County to 

Walker County to Colorado and Lavaca County to Caldwell County to Kendall County to 

San Geronimo, Coahuita. By the time of publication of the 1981 edition of Hall the known 

range had expanded north and west. The resulting range was from Hardin County north to 

Harrison County west to Denton, Montague, Schackleford, and Fisher Counties, south and 

east to McCulloch and Mason Counties and southwest to San Geronimo, Coahuila. Since 

then, even further expansion of the known range has occurred. It has expanded north to 

Collingsworth County (Hollander, et al., 1987a) and Cotton County, OK (Strang! and 

Datquest, 1986), northwest to Lubbock County (Stangl, et al., 1983), and west to 

Schleicher County (Hollander, et al., 1987b). 

Three different explanations are possible for this pattern. The explanation 

apparently supported by most mammalogists is that the actual range of B. taylori is 

expanding (Stangl, et al., 1983; Jones, et al., 1988). An alternative explanation is that the 

range is not expanding, but that increased trapping may be improving our knowledge of the 

species. A third possibility is that the species may have previously been present in very 

limited numbers over the whole range but have recently become more numerous. These 

three explanations are not mutually exclusive; each may be applicable in different portions 

of the range. Pateontotogical data bearing on this question is discussed below. 

The ecology of Baiomys is summarized by Eshelman and Cameron (1987) . B. taylori 

inhabits a wide variety of habitats, ranging from coastal and mixed-grass prairie to desert 
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shrub to pine-oak forest. Both dense surface cover and the presence of Opuntia sp. 

appear to be critical to their habitats. Opuntia serves as shelter as well as a major food item. 

A climatic tolerance polygon based on the United States range for Baiomys taylori is shown 

in Figure 67. 

Baiomys taylori has been identified from a few Late Quaternary deposits from central 

Texas, including Schulze Cave (Units C and B), Cueva Ouebrada, Felton Cave, the Barton 

Road Site, and Rattlesnake Cave. In the Hall's Cave deposit it occurs from a depth of 195 

cm (approximately 12,000 RCYBP) up to 20 cm (1400 RCYBP). However, it is not present 

consistently, and it is one of the most poorly studied taxa in the Hall's Cave mammalian 

fauna. Baiomys does not appear to be very abundant in the deposit; in addition, the small 

sigmodontines (e.g. Reithrodontomys, Peromyscus, and Baiomys) have received only 

cursory study. The stratigraphic distribution at Hall's Cave can be used to indicate times of 

presence of Baiomys in central Texas, but not times of absence. 
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Figure 67 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for B. taylori (geographic range as in Hall, 1981 ). Diagram is derived by the 
method described in Climatic Tolerance Analysis , above. Most of Baiomys range is in 
Mexico ; unfortunately, climatic data from this portion of the range is not included in the 
tolerance diagram. 
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The presence of Baiomys taylori at a number of sites in central Texas is interesting 

when it is compared with the modern distribution record described above. Although the 

historic distribution suggests that they should have been absent from the Edwards 

Plateau, this is difficult to reconcile with the fact that they occur in deposits from the Late 

Pleistocene, the middle and late Holocene, and as young as historic age. It may that 

Baiomys occurred on the Plateau, was extirpated in historic times and has been re

advancing into the area. However, it seems more likely that they were present in the area 

all along but were not trapped on the plateau until relatively recently. 

Genus Onychomys 

Onychomys leucogaster (Wied-Neuwied) 

northern grasshopper mouse 

Referred Material: See Appendix A 

Onychomys can be readily separated from other medium-sized sigmodontines. It is 

larger than even large Reithrodontomys. It differs in several characters from Peromyscus, 

the most similar sigmodontine. The slightly alternating cusps on the molars of Onychomys 

are high and sharp; this combination results in a prominent structureless valley between 

the procingulum and the protocone and metacone on the M 1. In Peromyscus the cusps 

are lower, blunter and more offset from each other so that no prominent valley is formed on 

M1 . In addition Onychomys has a very long and well developed coronoid process, which is 

lacking in Peromyscus; this character is useful even with edentulous mandibles. 

There are three species of Onychomys: 0. leucogaster, 0 . torridus, and 0 . 

arenicola. Many studies only discuss 0. leucogaster and 0. torridus, because 0. arenicola 

has been separated from 0. torridus only recently (Hinesley, 1979). Most previous 0 . 

torridus analyses include what is now 0. arenicola. Mandibles of the various species can 

be separated based on tooth size, proportions and the development of the capsular 

process (Carleton and Eshelman, 1979). The maxillary tooth row is larger in 0 . leucogaster 

(McCarty, 1978). Carleton and Eshelman (1979) provide a discriminant function to separate 
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0. leucogaster and 0. to"idus (including 0. arenicola) mandibles; however, all of the Hall's 

Cave specimens that could be evaluated fell into the 0. leucogaster size range based size 

so the discriminant analysis was not needed. In addition all of the Hall's Cave specimens 

examined had the moderately well developed capsular processes characteristic of 0. 

leucogaster. 

The modern range of Onychomys leucogaster extends across the plains from 

western Minnesota west to the Rockies, and from central Saskatchewan and Alberta south 

to Tamaulipas. It also ranges over most of New Mexico, throughout the Great Basin, and 

into the drier western portions of Oregon and Washington (Hall, 1981). The climatic 

tolerance polygon for 0. leucogaster is shown in figure 68. It mainly inhabits grassland and 

semi-desert shrub habitats (Nowak and Paradiso, 1985; Jones, et al., 1985). 0. 

leucogastercommonly is found associated with prairie dog towns (Jones, et al., 1985). It 

utilizes relatively shallow nesting burrows (average depth 14 cm) (McCarty, 1978). These 

burrows usually are in relatively silty or sandy soil. The grasshopper mouse is mainly 

carnivorous with animal matter making up something over 80% of their diet (McCarty, 1978). 

It is an active predator taking insects, other arthropods, a wide range of other rodents 

(McCarty, 1978), and horned-lizards (Phrynosoma spp.) (Munger, 1986). 

As a predator, 0 . leucogaster generally is present at lower densities than most other 

sigmodontines. Like other predators, it is territorial and intolerant of other individuals of its 

own species (McCarty, 1978). It is preyed upon by various mammals (including Canis 

latrans and Vulpes macrotis) and raptors (including Buteo jamaicensis and Bubo 

virginianus) ; however, whether because of its low densities or its disposition, it does not 

appear to be an important prey item of any animal (McCarty, 1978). All of these 

characteristics may contribute to the fact that 0 leucogaster is less abundant in fossil 

deposits than many other rodents (such as Perognathus, Chaetodipus, Peromyscus, 

Reithrodontomys, Sigmodon, and Microtus) . 

The northern grasshopper mouse is represented at Hall's Cave in levels as deep as 

250-255 cm (Table 13). In general, it is not represented by large numbers of specimens at 

any level. Like many of the other shrews and rodents, it is more common in the levels 

around 80 cm and 145 cm. However, even in these levels it is represented by few 

specimens compared to the other taxa. Its absence below 250 cm is not interpreted as a 

real absence; the absence is more likely due to a combination of the general reduction in 
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small rodent remains and the rarity of Onychomys. The Hall's Cave data definitely indicate 

that it was present continually from at least approximately 18,000 RCYBP (projected) up to 

the present. 
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Figure 68 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for O. leucogaster (geographic range as in Hall, 1981). Diagram is derived by 
the method described in Climatic Tolerance Analysis , above. 

Onychomys leucogaster is a frequent member of central Texas Quaternary faunas. 

As at Hall's Cave, it generally is not as common or as abundant as other sigmodontines. 

Sites in which it occurs include Friesenhahn Cave, Schulze Cave, Longhorn Cavern, the 

Avenue site, the Wilson-Leonard Site, Rattlesnake Cave (Semken, 1967), Bonfire Shelter, 

Cueva Quebrada, and Seminole Sink. Both 0. leucogaster and 0 . torridus (probably 0. 

arenicola) have been reported from Fowlkes Cave (Oalquest and Stangl, 1984a). 

Carleton and Eshelman (1979) found that Late Pleistocene and early Holocene 0 . 

leucogaster remains from Friesenhahn Cave and Schulze Cave averaged larger in all 

measurements than all of the modern samples they measured. They also noted that 

mandibles from these two samples had more highly developed capsular processes than 

modern samples from Texas. To evaluate this idea I measured the length of M1 for samples 

from Hall's Cave and Rattlesnake Cave (TMM 40434). This measurement was chosen 
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because the M1 was the most frequent tooth present and thus maximized available 

specimens. Because no single level from Hall's Cave has an adequate number of 

specimens, I pooled levels into four general groups: 70-100 cm (approximately 4-6000 

RCYBP), 135-160 cm (approximately 7,500-9000 RCYBP), 180-200 cm (approximately 11

12,500 RCYBP) and 210-240 cm (approximately 13,500-16,500 RCYBP) . The sample 

from Rattlesnake Cave comes from Zones 1 and 2. These date to the last 300 years 

(Semken, 1967) and provide an additional baseline for comparison. The results of this 

analysis are shown in Table 35. 

Like the Schulze Cave and Friesenhahn Cave samples, the Late Pleistocene and 

early Holocene samples from Hall's Cave average slightly larger than the modern samples 

from Texas and Oklahoma. By at least 5,000 RCYBP the 0. leucogaster in the area of Hall's 

Cave had decreased in size to the same as modern ones in the area. The Rattlesnake Cave 

sample is slightly smaller than the modern Texas sample. The development of the capsular 

process in the Hall's Cave samples also was consistent with the suggestions of Carleton 

and Eshelman (1979). The older Hall's Cave samples had well developed capsular 

processes ; the processes were only moderately developed in the 4-5,000 RCYBP sample 

and in the Rattlesnake Cave sample. 

The reason for the size reduction in Onychomys leucogaster at the end of the 

Pleistocene is not known. Carleton and Eshelman (1979) interpret the size change as 

being an in situ selection for smaller body size in a single genetic strain rather than a 

geographic shift of a smaller subspecies. This interpretation is based on the fact that the 

late Pleistocene samples were larger than any modern samples they measured. They 

justify this by stating "Our geographic sample is not exhaustive, but it seems adequate to 

document extremes in size within living leucogaster." (p. 40). This may be the case, but it 

would be difficult to document. However, they also indicate that there are differences in 

proportions (such as length of M3 to length of M2) between the Pleistocene samples and 

all of the modern samples. This change in proportions coupled with the possibility that the 

Late Pleistocene mice were larger than any modern ones makes the argument for 

evolutionary change within the genetic lineage more persuasive. 
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Site 
. - - -  - -

fQSSil Q. l~~QfJ.iil.S.t!1.r 
-· 

Age N X (rrvn) s.d . O.R. (mm) 

Hall's Cave 13.5 • 16.5 kRCYBP 8 2.05 0 .11 1.88-2.23 

Hall's Cave 11 • 12.5 kRCYBP 7 1 .95 0 .11 1.84-2.17 

Friesenhahn Cave 17-19 & 8-9 kRCYBP 25 1.93 0.11 1.70-2.10 

Hall's Cave pooled 7.5-16.5 k 28 1.97 0.11 1. 74-2.23 

Schulze Cave latest Pleistocene 21 1.92 0.09 1.78-2 .07 

Hall's Cave 7.5 • 9 kRCYBP 1 3 1.93 0.10 1. 74-2.03 

Hall's Cave 4 • 5.5 kRCYBP 9 1.89 0 .11 1.74-2.13 

Rattlesnake Cave <300 RCYBP 15 1.84 0.07 1.71-1 .93 

[e!<eol Q. 1~!.!.C.Qgas.t~r 

Texas modern 34 1.88 0 .09 1.72-2 .07 

Oklahoma modern 16 1.90 0 .06 1.79-2 .00 

Nebraska modern 24 1.86 0.08 1.71-1.98 

Table 35 -- Length of M1 of modern and fossil 0. leucogaster. Data for the recent 0. 
leucogaster and for fossil material from Friesenhahn Cave and Schulze Cave are from 
Carleton and Eshelman (1979). The age assignment of Friesenhahn Cave is based on the 
fact that Carleton and Eshelman apparently used a mixed sample of levels from 
Friesenhahn Cave. 

The size change is hypothesized to be "a reflection of climatic alteration, perhaps in 

accordance with Bergman's Rule" (Carleton and Eshelman, 1979, p. 42). Unfortunately, 

both their data and those of others fail to support a Bergman's Rule response. In their 

analysis, the mean size of M1 followed the following sequence: Oklahoma> Texas> 

Nebraska = North Dakota > Wyoming > Nevada; this pattern is not consistent with a simple 

Bergman's response (positive or negative). Two other studies also failed to produce 

results consistent with Bergman's Rule. Almost no significant morphometric geographic 

variation in 0. leucogaster was found on the central Great Plains (Oklahoma, Kansas, and 

Nebraska) (Engstrom and Choate, 1979). Significant size difference was found in a 

broader area of the western North America. Based on the length of the maxillary tooth row 

0. leucogaster from the Colorado Plateau and central Great Plains are larger than those 
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from the Wyoming Basin, and all three of these are larger than those from the Great Basin 

and the Columbia Plateau (Riddle and Choate 1986). 

Two general driving forces tend to produce a population of larger individuals. Direct 

selection (either for larger body size or against smaller individuals) will lead to a change in 

body size. In addition, improvement of the environment, in terms of factors such as food 

abundance and food quality, during the time of growth can allow individuals to attain a larger 

size (provided that selection against larger size is not taking place) . Guthrie (1984) has 

argued persuasively that the larger body size seen in many Pleistocene artiodactyls in 

Alaska was due to a longer period of peak nutrient availability and a resulting longer period 

of peak growth. The same explanation, a longer vegetative growing season resulting in a 

longer animal growth period resulting in larger animals, was suggested as an explanation for 

the larger size of Late Pleistocene Microtus xanthognathus from the Bluefish Caves 

(Morlan, 1989). It seems possible that a similar explanation might apply to the central Texas 

Onychomys leucogaster. If peak availability periods of insects were longer during the 

Latest Pleistocene and Early Holocene, the period of maximum growth for Onychomys 

may also have been longer. This would have resulted in larger Onychomys individuals and 

thus a larger population average. If this explanation is correct, it suggests that either 

decreased seasonal shifts or simply a longer "insect optimal" season were characteristic of 

the central Texas Late Pleistocene and Early Holocene. 

Genus Sigmodon 

Sigmodon hispidus Say and Ord 

hispid cotton rat 

Referred material : See Appendix A 

The large size and distinctive s-shaped occlusal surface of the cheek teeth of 

Sigmodon make it one of the most easily recognized sigmodontines in North America. 

Two species of the genus Sigmodon currently occur in Texas: S. hispidus and S. 

ochrognathus. S. ochrognathus is slightly smaller than S. hispidus and occurs only in the 

higher elevations of Trans-Pecos Texas. All Hall's Cave material is referred to S. hispidus 
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based on the generally large size. However, I have not measured every specimen so the 

possibility exists that small numbers of S. ochrognathus may be present. 

S. hispidus occurs from northern South America through Central America to the 

southern half of North America (Cameron and Spencer, 1981). The North American 

distribution of S. hispidus is shown in Figure 69. 

Cameron and Spencer (1981) summarize much of the ecological data on S. 

hispidus. Trap studies suggest that Sigmodon predominantly utilizes grass dominated 

habitats. They eat primarily grass and also nest in dense grassy areas. 

A climatic tolerance diagram for S. hispidus is shown in Figure 70. The northern 

edge of its range in North America approximately coincides with several temperature 

variables: mean annual temperature 13°C; mean July temperature 25°C and mean frost

free day period of 180 days. These limits are supported by data gathered by Mohlenrich 

(1961) on the distribution of Sigmodon in New Mexico. He found S. hispidus almost 

exclusively in places where the mean temperature was over 12.8°C, the frost free period 

was longer than 180 days, the mean July temperature was 23.9°C or higher and the mean 

January temperature was 2.8°C or higher. In addition, he found that the maximum 

elevation at which S. hispidus occurred decreased as one went north in New Mexico. 

Sauer (1988), Langley and Shure (1988), and various other studies (see Cameron 

and Spencer, 1981) have documented the sensitivity of northern populations of cotton 

rats to low temperatures and severe weather. Sub-freezing winter temperatures cause 

high mortality, energy stress, and low reproductive success in Sigmodon. Behavioral and 

physiological adaptations to cold conditions are found in northern populations. Shump 

( 1978) found that nests of cotton rats in Kansas were twice as insulative as those of rats in 

Florida. Seasonal fat storage also is higher in northern populations (Cameron, et al., 1979). 

Sigmodon hispidus is absent in deposits below 205 cm at Hall's Cave (Table 13). 

This suggests that Sigmodon entered the vicinity of Hall's Cave approximately 13,500 

RCYBP. This implies that at about that time central Texas warmed sufficiently to have a 

mean annual temperature near 13°C and a mean July temperature near 24°C. A link to 

mean January temperature is not as clear. At the same time, as a consequence of rising 

temperatures, the mean annual frost free period probably rose to 180 days. 
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Figure 69 -- Geographic range of Sigmodon hispidus (after Hall, 1981 ). 
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Figure 70 -- Climatic tolerance diagram (mean monthly temperature vs . average monthly 
precipitation) for the United States portion of the range of S. hispidus (geographic range as 
in Hall, 1981 ). Diagram is derived by the method described in Climatic Tolerance Analysis, 
above. 

Sigmodon hispidus is one of the most common animals in Holocene deposits. It is 

found in nearly every site which produces moderately small animals. It is even moderately 

represented in the Amistad Reservoir sites in spite of the 1/4" screening used. The Late 

Pleistocene central Texas record of Sigmodon is more difficult to evaluate. It is known from 

Friesenhahn Cave (17-19,000 RCYBP), Laubach Cave II, Cave Without A Name, 

Longhorn Cavern, Levi Shelter (zone 1), Bonfire (bone bed 2), the Wilson-Leonard Site, 

and Schulze Cave. It is absent at Cueva Quebrada, the Avenue Site, and Zesch Cave. 

Interestingly, in the well stratified deposits at the Wilson-Leonard Site, Sigmodon is absent 

from much of the lower portion of the deposit and then suddenly occurs and is found 

continuously above that point. The age of its arrival at Wilson-Leonard is not yet known but 

it appears to be Late Pleistocene. Other than at Friesenhahn Cave, Sigmodon is absent 

from sites dating before about 13,500 RCYBP. The Friesenhahn Cave record is difficult to 

evaluate. The dating of the older portions of the deposit is suspect. It is possible that these 

deposits could have been deposited under interstadial conditions (possible around 

23,000 RCYBP) when Sigmodon is present at Laubach Ill. Alternatively, the Friesenhahn 
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record could represent the actual presence of Sigmodon in the area during full-glacial times 

and the absence in other records is due to taphonomy. 

The expansion of Sigmodon into the Hall's Cave area was probably almost 

immediately after environmental conditions became tolerable. In addition, cotton rats are 

favored prey items of many avian and mammalian carnivores (Cameron and Spencer, 1981). 

As soon as it was living in the area, Sigmodon would have been incorporated into the 

deposit. 

Data from sites at Amistad Reservoir are consistent with the Hall's Cave information. 

Sigmodon is absent at Cueva Ouebrada dated between approximately 12,280 ± 170 

RCYBP (Tx-879) and 14,300 ±220 RCYBP (Tx-881). Although the microfauna from Cueva 

Quebrada is limited, Neotoma, Peromyscus, Onychomys and Baiomys are all present in 

the deposit. If the absence of Sigmodon at Cueva Quebrada represents an actual 

absence in the area, this suggests that conditions in the Amistad region were cool enough 

to exclude Sigmodon. By the time of deposition of Bone Bed 2 at Bonfire Rockshelter 

(approximately 10,200 RCYBP), Sigmodon had arrived in the Amistad Reservoir Area. 

Genus Neotoma 

Neotoma spp. 

wood rats 

Referred Material: See Appendix A 

Neotoma material can be identified to genus based on a combination of large size 

(for a sigmodontine), hypsodont teeth with a distinctive occlusal pattern, and by tooth 

alveolar pattern in the case of edentulous material. However, identification to species is 

difficult (Harris, 1984, for example) . Nineteen species of Neotoma occur within North 

America (Nowak, 1991); however, many of these occur in isolated areas of Central America 

or only in extreme western North America and were not considered to be probable in the 

Hall's Cave fauna. Five species are considered worthy of further consideration : N. albigula, 

N. cinerea, N. floridana, N. mexicana, and N. micropus. All of these species, except N. 
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cinerea, currently inhabit Texas, and three (N. albigula, N. floridana and N. micropus) occur 

on the Edwards Plateau (Jones, et al., 1988). 

One character that can differentiate some of these five woodrats from others is a 

moderately to well developed dentine tract that is present on the labial side of the M1 in 

both N. mexicana and N. cinerea; this tract is absent or poorly developed in N. floridana, N. 

albigula and N. micropus (Lundelius, 1979; Harris, 1984). None of the Hall's Cave M1 have 

been found to have a moderately or well developed dentine tract. This suggests that all of 

the Hall's Cave material is from one or more of N. floridana, N. albigula , and N. micropus. It is 

important to note that only a small fraction of the Neotoma material from the cave has been 

catalogued or examined. For this reason even this conclusion is preliminary. 

Several schemes have been suggested to separate N. floridana, N. albigula and N. 

micropus. The shape of the anterior loop of the M 1 was thought to be useful for 

distinguishing N. floridana and N. micropus (Hibbard and Taylor, 1960). However, 

Dalquest and others (1969) found that the shape of the anterior loop varied considerably in 

N. micropus from Texas and questioned the utility of this criteria. They went on to suggest 

that size could be used to separate the slightly larger N. floridana from intermediate sized 

N. micropus from slightly smaller N. albigula. Specifically, they suggested that the breadth 

of upper molar row is greater (8.7-9.2 mm) in N. floridana than in N. micropus (8.0-8.7 mm) 

and, further, that the width of the second loph of M1 is greater(> 1.94 mm) in N. micropus 

than in N. albigula (<1 .94 mm). Two problems call these criteria into question. First, they 

were derived from only subspecies that currently inhabit Texas and do not take into 

account the full range of variation of any of the species. Second, Lundelius (1979) and 

Winans (1991 , personal communication) have both found the width of the second loph of 

M1 to be an invalid criterion because even in Texas specimens overlap does occur. Harris 

(1984) summarized previous work and proposed new discriminant functions and other 

criteria to distinguish the various southwestern Neotoma species. Unfortunately, it is not 

clear how well his samples represent the true variation in each species. Due to the 

problems in identifying N. floridana, N. micropus and N. albigula to the species level, I have 

identified all of the Hall's Cave material simply as Neotoma sp. Because of the geographic 

proximity to the modem ranges of all three species and the environmental shifts evident 

from other portions of the fauna, it seems likely that all three species are represented in the 

Hall's Cave sample. 
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One or more species of Neotoma must have been present within hunting distance 

of the cave throughout the time of deposition of sediments in the cave. Neotoma sp. is 

represented by catalogued specimens as deep in the deposit as 350-355 cm. Like most 

other small mammal taxa, it is considerably rarer below 250 cm. This is due partly to the 

scarcity of small remains at those levels and partly to less intensive cataloguing of the 

deeper material. Neotoma is more numerous in uncatalogued material than in the 

catalogued material. In general, it is a moderately abundant to very abundant member of the 

fauna. 

Neotoma has not been observed in or around Hall's Cave during the course of this 

study. In addition, no Neotoma middens are evident in the cave today. Much of the bone 

from animals larger than Lepus shows some evidence of rodent gnawing, sometimes to 

such an extent as to make the specimens almost unrecognizable (e.g. 41229-10875, a 

Panthera sp. metapodial). The tooth marks associated with much of this gnawing appear to 

be of approximately the size one might expect from Neotoma. Other than gnawing, no 

evidence for Neotoma activity or middens has been observed at Hall's Cave. 

Neotoma sp. is one of the truly ubiquitous taxon in the Quaternary faunas of central 

Texas; probably only Odocoileus sp. and Sylvilagus sp. are more commonly recovered 

mammals. They are common because they probably were relatively abundant animals 

throughout the latest Quaternary, and because their remains are large enough to be 

caught on the relatively coarse screens (often 1/4") that have been used at many 

archeological sites. For instance, Neotoma is the smallest mammal commonly recovered 

from the sites in the Amistad Reservoir region, where 1/4" screens were commonly used. 

Some of the sites at which it has been identified are listed in Table 36. 

The wide habitat tolerances of Neotoma and the fact that it cannot be identified to 

species means that the presence of Neotoma sp. is of little value in reconstructing 

paleoenvironments. They do, however, provide taphonomic information which is important 

in evaluating the record of Sigmodon. Neotoma and Sigmodon are similarly-sized rodents 

that probably are subject to the same taphonomic effects. The presence of Neotoma 

throughout the Hall's Cave sediments support the interpretation that actual absence, and 

not taphonomic processes, is responsible for the lack of Sigmodon remains below about 

205 cm. 
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Site Neotoma identified Reference 
Barton Road Site N. sp. Lundelius, 1967 

Bonfire Shelter N. sp. Frank, 1968 

Cave Without A Name N. sp. Lundelius, 1967 

Cueva Quebrada N. albigula or Lundelius, 1984 
N. floridana or 
N. micropus 

Felton Cave N. sp. Lundelius, 1967 

Fowlkes Cave N. albigula Dalquest and Stangl , 1984a 
N. mexicana 
N. micropus 

Friesenhahn Cave N. sp. Graham, 1976 

Hinds Cave N. albigula Lord, 1984 
N. micropus 
N. mexicana 
N. sp . 

Kincaid Shelter N. sp. Lundelius, 1967 

Laubach II N. sp. Lundelius, 1985 

Laubach Ill N. sp. Lundelius, 1985 

Longhorn Cavern N. micropus Semken, 1961 

Miller's Cave N. floridana Patton, 1963 

Rattlesnake Cavern N. micropus Semken, 1967 

Schulze Cave N. albigula Dalquest and others, 1969 
N. floridana 
N. micropus 

The Avenue l.f. N. albigula. or Lundelius, 1992 
N. micropus 

Table 36 -- Some of the important latest Pleistocene and Holocene microvertebrate sites 
which contain one or more species of Neotoma. All specific designations are those of the 
original author. 
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Subfamily Arvicolinae 

Arvicoline rodents are one of the most interesting groups from a paleoecological 

standpoint. Many are readily identifiable and have generally well-known environmental 

preferences. Thus, they have been one of the groups most often used in terms of 

environmental reconstruction. This is especially the case further to the north, where the 

diversity of arvicoline rodents is higher (Graham and Mead, 1987). 

Five species of arvicoline rodents have been recovered from the late Quaternary 

deposits of central Texas: Ondatra zibethicus, Synaptomys cooperi, Microtus ochrogaster, 

Microtus pennsylvanicus and Microtus pinetorum. A sixth, Microtus mexicanus , is found in 

both the modern fauna and the Quaternary deposits of Trans-Pecos, Texas (Davis, 1974; 

Dalquest and Stangl, 1984; Lundelius, 1979). Three of the species have been identified 

at Hall's Cave; these are Synaptomys cooperi, Microtus ochrogaster, and Microtus 

pinetorum. A fourth, Microtus pennsylvanicus , may also be represented in the deposit. 

The lack of Ondatra zibethicus at Hall's Cave is not a complete surprise. It is quite 

uncommon in central Texas deposits (see for example Graham, 1986). In addition, the 

upland setting of Hall's Cave probably limited the opportunity for the inclusion of the aquatic 

muskrat. 

Genus Microtus 

The genus Microtus presents some of the most complex systematic and taxonomic 

problems in Quaternary vertebrate paleontology and in modern mammalogy. Even a 

cursory treatment of these issues is beyond the scope of this work. The discussion here is 

limited to the dental characters that I have used to distinguish the various arvicolines that 

could have been present in the deposits at Hall's Cave. The first separation that can be 

made is between the arvicolines of the of the "Pitymys-Pedomys" group (here used in an 

informal sense only) and those of Microtus pennsylvanicus (and forms with similar teeth). 

The only species within the "Pitymys-Pedomys" group that are important in this discussion 

are M. ochrogaster and M. pinetorum. The separation of these two groups is based on the 

dental criteria in table 37. 
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Tooth M. ochrogaster & M. pennsylvanicus type 
M. pinetorum 

M 1 5 element (non-diagnostic) 5 element (non-diagnostic) 

M2 4 closed elements 5 closed elements • 

M3 2 triangles & "U-shaped" loop 3 triangle & "fishhook" loop 
M 1 3 closed & 2 confluent triangles 5 or more closed triangles 
M2 3 closed & 2 confluent elements 5 closed elements 

M3° 4 element tendency 3 element tendency 
Table 37 -- Dental characters used to separate M. ochrogaster and M. pinetorum remains 
from those of Microtus pennsylvanicus. Characters follow those of Davis (1986) . Several 
other Microtus species have teeth that mimic those of M. pennsylvanicus. • The 

characteristics of M2 vary with species of Microtus, see below. ** This is the reverse of 
Davis (1987) see discussion below. 

Once these two groups have been separated the fun begins. Within each group the 

amount of dental differentiation between species is very small. Distinguishing M. 

ochrogaster from M. pinetorum, and M. pennsylvanicus from other similar forms (most 

notably M. mexicanus in Texas) is extremely difficult, and it may not be possible based on 

much of the material at Hall's Cave and most fossil sites. The characters which are used to 

distinguish taxa within the major groupings are discussed below in the species accounts. 

Microtus sp. 

various voles other than M. ochrogaster I pinetorum 

Referred Material: 41229-1251 rt mandible, w/ l-M2, Under Rock A; 200-218 cm; 

41229-1797 rt maxilla, w/ M1-2, Pit 1A, 18, Central Rock Ridge; 190-220 cm; 

41229-12000 rt M1, Pit 1d/E; 210-215 cm; 41229-12017 rt mandible, w/ M2, Pit 

1d/E; 230-235 cm; 

Microtus pennsylanicus has been identified from two sites in central Texas (Cave 

Without A Name and the Avenue Site), one in northeastern Texas (Ben Franklin l.f.) 

(Slaughter and Hoover, 1963) and numerous sites from the Panhandle and northwestern 

Texas (Dalquest and Schultz, 1991). At most of these sites the tooth that has been used 

to identify M. pennsylvanicus is the M1 (Dalquest and Schultz, 1991, and references cited 

therein; Lundelius, 1992). At Cave Without A Name the M2 was also used. These teeth 
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have been used because the identification effort has mostly focused on distinguishing 

"interesting" voles (usually called M. pennsylvanicus) from M. ochrogaster I pinetorum. 

Unfortunately, the dentitions of the genus Microtus are too complex and varied for this to 

work (see Car1eton, 1985). A specimen is not necessarily M. pennsylvanicus, just because 

it is not M. ochrogaster I pinetorum. 

Unfortunately, it may not be possible to identify Microtus species (other than the M. 

ochrogaster I pinetorum group) based on the material that comes from most fossil sites, 

unless certain biogeographic assumptions are made. The uncertainties associated with the 

use of various teeth to distinguish the other species of Microtus is discussed below. 

M1 As noted above, the presence of five closed triangles on the M 1 has been 

used to identify central Texas specimens as M. pennsylvanicus. However, this is the 

common configuration for fifteen species. Among these species, ones with widespread 

distribution include M. chrotorrhinus, M. longicaudus, M. mexicanus, M. montanus, M. 

pennsylvanicus, and M. xanthognathus (Carleson, 1985). Occasional individuals off some 

species have M 1 s with 6 closed triangles. Species that have this as a relatively common 

morph include M. longicaudus, M. montanus, M. pennsylvanicus and M. richardsoni 

(Carleson, 1985). A few species can be identified based on other M1 characters; for 

instance M. xanthognathus and M. richardsoni can be separated based on their large size 

(Zakrzewski, 1985). However, as Zakrzewski (1985, p. 28) points out "isolated teeth of 

Microtus, especially m1s, are generally unassignable to a species." 

The identification of the 5- and 6-triangle forms from Texas as M. pennsylvanicus 

rests almost entirely on potentially suspect biogeographic assumptions. M. 

pennsylvanicus is not the most geographically proximal five triangled form to central Texas. 

M. mexicanus, which occurs in the Guadalupe Mountains of Trans-Pecos Texas today 

(Jones, et al. , 1988), has five triangles (Carleton, 1985). M. pennsylvanicus and M. 

longicaudus are taxa that exhibit both 5- and 6-triangle M1s: M. longicaudus is found 

closer geographically (in east-central New Mexico) to central Texas (Hall, 1981 ). In addition, 

Zakrzewski ( 1985) notes that the deep re-entrant of the M 1 of M. mexicanus suggests the 

possibility of extra triangle forms. However, a perception, not necessarily incorrect, that the 

Late Pleistocene central Texas fauna is allied with those of the eastern and central United 

States (see for example Graham, 1979) has contributed to the fact that M. mexicanus and 
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M. longicaudus have been ignored as a potential central Texas Late Pleistocene forms. 

This is even the case at sites where western soricids and sciurids ( Sorex palustris and 

Spermophilus elegans) have been identified (Dalquest and Schultz, 1992). It is quite 

possible that some, or even all of the Texas specimens do represent M. pennsylvanicus, 

but the identification cannot be supported on strictly morphological ground given the 

currently available material and state of knowledge. 

The central Texas Microtus M1S are of both five and six triangle forms. Both of the 

specimens from Hall's Cave and one from Cave Without A Name (40450-2573) have six 

closed triangles. The specimen from the Avenue Site (TMM 43067-19) has only five 

closed triangles (Lundelius, 1992). The six triangle teeth could potentially come from M. 

pennsylvanicus, M. tongicaudus, M. montanus or (if Zakrzewski is correct) M. mexicanus. 

The five triangle tooth could also come from those forms (and approximately seven other 

forms that seem less likely) . The significance of the predominance of six triangle teeth is 

discussed below. 

M2 The M2 is not of very much use in identifying species of Microtus. As noted 

above it can be used to separate M. ochrogaster I pinetorum from most other species. 

Seventeen species have M2S with four closed triangles and a posterior loop as a common 

form (Carleton, 1985). M. ochrogaster I pinetorum, M. oregoni, M. chrotorrhinus, M. 

umbrosus, M. quasiater, M. abbreviatus, and M. miuris have two confluent open triangles, 2 

closed triangles and a posterior loop (Carleton, 1985; Davis, 1987). Based on their ranges 

none of these species, except for M. ochrogaster/pinetorum, are likely to have occurred in 

central Texas. M. abbreviatus and M. miuris are found today in the Yukon and Alaska. M. 

oregoni is limited to portions of northern California, Oregon, and Washington ; M. 

chrotorrhinus to eastern Canada and the Appalachians; M. umbrosus to Mt. Zempoaltepec 

in Oaxaca; and M. quasiater to a small area of east-central Mexico. If any of these species 

are present in the deposits at Hall's Cave (which I do not consider likely) their M2'S have 

been catalogued as M. ochrogaster I pinetorum. 

Only one specimen from Hall's Cave (41229-12017) has an M2 that has not been 

assigned to Microtus ochrogaster I pinetorum. The tooth has a posterior loop and four 

closed triangles, which is characteristic of approximately 15 species (Carleton, 1985). The 

most geographically proximate among these are M. pennsylvanicus, M. mexicanus, M. 
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montanus, and M. longicaudus (Hall, 1981). All of these are reasonable candidates for the 

identification of the Hall's Cave mandible. 

M3 The M3 of most species has 3 transverse loops (Carleton, 1985). Most of the 

exceptions to this pattern (Carleton, 1985) are species so unlikely (based on range and 

habitat) that they have been ignored (these include M. guatemalensis, some M. californicus 

and M. umbrosus). One exception is important, however, M. ochrogaster, although listed 

by Davis (1987) as having three elements, is listed by Carleton (1985) as commonly having 

two transverse loops and 2 open triangles. Davis ( 1987) further indicates that there is a 

"tendency" toward four elements in M. pennsylvanicus, but Carleton (1985) indicates that 

this species has only three transverse loops. The two modern specimens of M. 

ochrogaster (M-2896, M-3130) and a series of M. pennsylvanicus in the Vertebrate 

Paleontology Laboratory support the view of Carleton (1985). Unfortunately the 

development of this character in M. ochrogaster is variable (Dalquest, et al., 1969). For this 

reason the tooth is not a particularly reliable one. 

M1 The M 1 of Microtus is not diagnostic to species. It cannot even be used to 

separate M. ochrogaster I pinetorum from the other Microtus groups. The M 1 of all North 

American species of Microtus has an anterior loop and 4 closed triangles. 

M2 Among species of Microtus this tooth exhibits three different morphologies 

(Carleton ,1985). The most common morph is an anterior loop with three closed triangles. 

This pattern is exhibited by seventeen species, including Microtus ochrogaster, Microtus 

pinetorum, M. longicaudus, M. mexicanus, M. richardsoni and M. chrotorrhinus (Carleton, 

1985). Carleton (1985) does not list this as a common morph of M. pennsylvanicus, and 

Zakrzewski ( 1985) indicates that he has observed no M. pennsylvanicus which exhibit it. 

However, one recent specimen out of a sample of eighteen in the Vertebrate Paleontology 

Lab recent collection (M-6535) does exhibit this morphology. This specimen was trapped 

in Franklin County, Ohio. 

The next most common morph is an anterior loop, three closed triangles and an open 

element (not usually a full triangle). This is the most common morph in M. californicus, M. 
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montanus, and M. nesophilus (Carleton, 1985) and also is a common variant in M. 

pennsylvanicus (Carleton, 1985). Six of eighteen specimens in the Vertebrate 

Paleontology Lab recent collection exhibit this pattern on at least one M2. Although 

Carleton (1985) does not mention this possibility, the two skulls identified as M. mexicanus 

(both from an owl roost(?) from Hudspeth County, Texas) in the Vertebrate Paleontology 

Laboratory recent collection (M-6857, M-6858) both have M2's with this pattern. These 

specimens are problematic in that their identification is based on geography, but this 

identification seems reasonable in that M. mexicanus is the only Microtus species reported 

from within 100 km of Hudspeth County. 

The least common of the three morphs has an anterior loop, three closed triangles, 

and a fourth closed "button," or triangle. This morph is a very important one; it is the most 

common morph for M. pennsylvanicus, and the insular form M. breweri (Carleton, 1985). 

Of the eighteen modern specimens in the Vertebrate Paleontology Laboratory recent 

collection, eleven exhibit this morph. It also is a fairly common variant of both M. califomicus 

and M. montanus (Carleton, 1985). Zakrzewski (1985, p. 27) notes that he has "observed 

a fourth triangle in one specimen each of M. mexicanus and M. longicaudus;" however, 

the triangles are not quite closed (but may be very close) . Of all Microtus molars, M2's with 

the three closed triangles and a fourth closed "button" are the teeth most likely to be 

identified as M. pennsylvanicus with a reasonable chance of being correct. 

After the M 1. the M2 is most often used for the identification of "M. pennsylvanicus" 

from Texas. Important specimens with this tooth are known from Hall's Cave (41229-1797) 

and Cave Without A Name (40450-1483). The Cave Without A Name specimen has an 

anterior loop, three closed triangles and a closed button, and can be assigned with some 

confidence to M. pennsylvanicus. This specimen is the only central Texas specimen that 

can reasonably be identified to this species. The Hall's Cave specimen is not as 

straightforward; it has three triangles with a fourth "hook," confluent with the third triangle. 

This specimen could belong to M. pennsylvanicus, M. montanus (based on Carleton, 

1985), M. Jongicaudus, or M. mexicanus (based on Zakrzewski, 1985 and Vertebrate 

Paleontology Laboratory specimens). The best match with recent material is with M-6857, a 

M. mexicanus skull from Hudspeth Co., Texas; however this specimen may be an odd 

morph of M. mexicanus. 
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M3 The M3's of Microtus, while important for identification of species in some areas 

(see for example Guilday, 1982; Zakrzewski, 1985), is not of particular use in central Texas. 

Four different morphs occur. M. ochrogaster I pinetorum has an anterior loop, two closed 

triangles, and a posterior "U-shaped" loop (Davis, 1987; Carleton, 1985). A second form, 

found in M. richardsoni, M. oregoni, M. nesophilus, M. umbrosus, M. quasiater, M. 

abbreviatus and M. miuris (Carleton, 1985), has an anterior loop followed by two closed 

triangles, an open triangle and a posterior loop (Carleton, 1985). Teeth of this form have 

not been found in central Texas Late Quaternary deposits, and in view of the species that 

exhibit this form, it is unlikely they will be. The third morph, with an anterior loop, three 

closed triangles and a posterior ''fish-hook" shaped loop (Davis, 1987), is found in all 

species (other than M. ochrogaster I pinetorum) likely to be found in the central United 

States deposits including the following: M. longicaudus, M. mexicanus, M. montanus, M. 

pennsylvanicus, and M. xanthognathus. The fourth M3 morph is the most complicated, 

consisting of an anterior loop, two open triangles, three closed triangles, and a posterior 

loop. This is the common form for M. chrotorrhinus and M. oaxacensis (Carleton, 1985) 

and also is found in some M. pennsylvanicus (Guilday, 1982). 

lmpllcatlons for Texas Material Based on the morphologic variations 

discussed above, the material from Texas should be re-evaluated. Although my re

evaluation continues to make important biogeographic assumptions, the assumptions are 

more conservative than those made previously. In most cases I have limited the list of 

potential species to those which are found in the center of the continent (loosely defined). 

I also have neglected species with extremely limited distributions. The resulting list of 

species considered as candidates includes M. longicaudus, M. montanus, M. mexicanus, 

M. ochrogaster, M. pennsylvanicus, M. pinetorum, M. richardsoni, and M. xanthognathus. 

Of these, M. richardsoni and M. xanthognathus can be eliminated because both are larger 

than any of the central Texas material. My suggestions for new identifications are listed in 

Table 38. 

In addition to the central Texas material, much of the material from sites elsewhere in 

Texas should be reexamined and reevaluated. Faunas that contain material which should 

be critically reanalyzed include the following : Ben Franklin l.f . (Slaughter and Hoover, 

1963), Lubbock Lake (Johnson, 1987), Fowlkes Cave (Dalquest and Stangl, 1984a), 
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Lower Sloth Cave (Logan, 1983), Upper Sloth Cave (Logan and Black, 1979), Howard 

Ranch, Easley Ranch, Beck Creek, Red Springs, Canyon Basin, Little Sunday Canyon, 

Sanford-Big Creek, Carrol Creek, and Quitaque (Dalquest and Schultz, 1992). Much of the 

material from other states (NM, OK, Nuevo Leon, etc.) probably is subject to the same 

uncertainties as well. I have not examined the material from these sites, but my findings 

suggest that much of it probably cannot be identified to the species level with any degree 

of confidence. 

It is important to note that I am not saying that the material that previously has been 

identified as M. pennsylvanicus is not M. pennsylvanicus. It is, in fact, the only species of 

Microtus (other than M. pinetorum and M. ochrogaster) that has been even tentatively 

identified in central Texas (TMM 40450-1483). Much of the other material may, in fact, be 

from that species, but this has not been determined on a solely morphological basis. It 

may not be possible to unequivocally identify much of the fossil arvicoline material without 

making unwarranted biogeographic assumptions. If we make these types of biogeographic 

assumptions when we make identifications, we invalidate any paleoenvironmental 

conclusions and reconstructions that we may derive from those identifications. 
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Specimen Original Identification Possible Identifications 
Number (TMM) 

HALL'S CAVE 
41229-1251 M. pennsylvanicus 

M. longicaudus 
M. montanus 
M. mexicanus (?) 

41229-12000 M. pennsylvanicus 
M. longicaudus 
M. montanus 
M. mexicanus (?) 

41229-12017 M. pennsylvanicus 
M. longicaudus 
M. montanus 
M. mexicanus 

41229-1797 M. pennsylvanicus 
M. longicaudus 
M. montanus 
M. mexicanus 

CAVE WITHOUT A NAME 
40450-2573 M. pennsylvanicus M. pennsylvanicus 

M. longicaudus 
M. montanus 
M. mexicanus (?) 

40450-1483 M. pennsylvanicus M. pennsy/vanicus 

THE AVENUE SITE 
43067-1 9 M. pennsylvanicus M. pennsylvanicus 

M. longicaudus 
M. montanus 
M. mexicanus 

Table 38 - Suggested identifications for central Texas "Microtus pennsylvanicus" 

specimens. 
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Microtus pennsylvanicus (Ord) 

meadow vole 

Referred Material: see Table 38 and discussion below 

As noted in the general discussion on Microtus identification, many of the individual 

specimens which had been ascribed to M. pennsylvanicus from central Texas actually are 

not identifiable to species. The fact that M. pennsylvanicus is the only species of Microtus 

other than M. ochrogaster and M. pinetorum that has been identified from central Texas 

means that it is important to discuss its environmental significance. It must be noted, 

however, that it has only been identified with any confidence based on a single specimen 

from Cave Without A Name (40450-1483). Any or all of the following specimens may also 

represent M. pennsylvanicus: 40450-2573, 41229-1251, 41229-1797, 41229-12000, 

41229-12017, and 43067-19 (see discussion above). 

M. pennsylvanicus is distributed throughout most of the northern half of North 

America, ranging from the Atlantic to the Pacific and from the arctic to South Carolina, 

northern Missouri, central Nebraska, northern Utah, and central British Columbia. It also 

occurs at higher altitudes in Colorado, New Mexico, Washington, and Chihuahua 

(Hoffmann and Koeppl, 1985). A tolerance diagram based on this distribution is shown in 

Figure 71. 

As would be expected of an animal with as large a range as that of M. 

pennsylvanicus, the meadow vole inhabits a wide variety of habitats. Most of these habitats 

are both grassy (grasses or sedges) and moist (Nowak and Paradiso, 1983; Reich, 1981; 

Jones, et al., 1985). In drier areas of the plains they are found in riparian areas and wetlands 

(Jones. et al., 1985; and Armstrong, et al., 1986). When they are found with M. 

ochrogaster, meadow voles are restricted to moister habitats (Getz, 1985). In 

environments in which M. pennsylvanicus co-occurs with M. ochrogaster and Synaptomys 

cooperi , meadow voles might be expected to occupy the habitats with intermediate 

moistures (Jones, et al., 1985). 

As noted above, the central Texas sites which may or do contain M. pennsylvanicus 

remains are Hall's Cave, Cave Without A Name and the Avenue Site. The stratigraphic 
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range of meadow voles is difficult to assess for two reasons. The first is the uncertainty 

concerning which specimens can be referred to M. pennsylvanicus. The second is that two 

of the four specimens are from large levels with poor stratigraphic constraint. If all of the 

Hall's Cave material identified as potentially belonging to M. pennsylvanicus does 

represent that taxon, then it occurs in levels with the following ages: 11,500 to 14,500 

RCYBP (190-220 cm), 12,600 to 14,300 RCYBP (200-218 cm), 13,500 to 14,000 RCYBP 

(210-215 cm) and 15,500 to 16,000 RCYBP (230-235 cm) (Table 13). It would certainly be 

represented in the deposit to as late as about 13,500 RCYBP and possibly as late as 

11,500 RCYBP. 
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Figure 71 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for M. pennsylvanicus (geographic range as in Hoffmann and Koeppl , 1985). 
The tolerance diagram is truncated on the high precipitation end; actual tolerance extends 
to monthly mean precipitation of 30 cm. Diagram is derived by the method described in 
Climatic Tolerance Analysis , above. 

The possible presence of M. pennsylvanicus is important from a paleoecological 

standpoint. It is additional support for the Late Pleistocene grassland reconstruction for the 

Edwards Plateau. its presence also would support the idea of a fairly mesic environment. 

Microtus species in general are not well adapted for arid conditions and, M. pennsylvanicus 
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is one of the species that generally uses moister micro- and macrohabitats (Getz, 1985). 

Analysis of its climatic tolerance (Figure 71) suggests that the net summer moisture would 

have been significantly higher. The total June, July, and August moisture had to be the 

equivalent of at least 4 cm more precipitation if temperatures were near modern values. In 

addition, the present day summer temperatures are at least slightly higher than those 

apparently tolerated by M. pennsylvanicus. It temperatures were considerably depressed, 

the increase in precipitation could also have been lower. The modern level of precipitation 

would have sufficed if each summer month had a 3° C cooler mean temperature. 

As noted above, three of the four M1S from central Texas (two from Hall's Cave and 

one from Cave Without A Name) have six closed triangles. Although the sample is small, 

this represent a high percentage six-triangle specimens. Davis (1987) suggested ttlat 

increased numbers of triangles on M. pennsylvanicus is related to increased coarseness of 

diet. If this is the case it suggests fairly coarse grasses were important in central Texas 

during the Late Pleistocene. 

M. longicaudus or M. mexicanus or M. montanus 

long-tailed vole or Mexican vole or montane vole 

Referred Material: see Table 38 and discussion below 

As discussed above, meadow voles are not the only Microtus having 5- or 6

triangled M1 that could be found in Texas. In tact, M. tongicaudus and M. mexicanus are 

each geographically closer to central Texas than M. pennsylvanicus. No material from 

central Texas can be confidently assigned to any of the species listed above. However, as 

many as six specimens might belong to one or more of the species: 40450-2573 (Cave 

Without A Name), 41229-1251, 41229-1797, 41229-12000, 41229-12017 (Hall's Cave), 

and 43067-19 (the Avenue Site) . The potential stratigraphic distribution of any of these 

voles is the same as that discussed for M. pennsylvanicus. 

The three zoogeographic implications of any of these taxa being in Texas the Late 

Pleistocene deposits are very interesting. The first implication is that at least 7 species of 

arvicolines, including four species of Microtus could potentially have coexisted in central 

Texas during the Late Pleistocene: M. ochrogaster (many sites) , M. pennsylvanicus (Cave 
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Without A Name, and potentially Hall's Cave and the Avenue Site), M. pinetorum (many 

sites), S. cooperi (several sites), Ondatra zibethicus (Miller's Cave) and one or more of M. 

longicaudus, M. mexicanus or M. montanus (potentially Hall's Cave, the Avenue Site, Cave 

Without A Name). The presence of four species of Microtus in one area would be very 

unusual; in the modern fauna this occurs only in the central Appalachians, in the northern 

and southern Rockies, and in the Cascades (Rose and Birney, 1985), areas in which large 

altitudinal ranges result in great habitat diversity. It tour species co-occurred in central 

Texas in the Pleistocene it would suggest very great ecological patchiness. 

The second implication involves the zoogeographic affinities of the Late Pleistocene 

fauna of central Texas. Most of the extralimital taxa found in central Texas faunas have 

been of boreo-cordilleran ( Sorex cinereus, Microtus pennsylvanicus , and Mustela erminea) 

or eastern affinities (Blarina sp., Synaptomys cooperi, and Tamias striatus). Only one taxon, 

Sorex vagrans (identified from Schulze Cave by Dalquest and others, 1969), of western 

(cordilleran) affinities has been positively identified. Zapus princeps (identified by Dalquest 

and others, 1969, from Schulze Cave) also would quality; however, the identification of Z. 

princeps from Schulze Cave is incorrect (see Zapus below). The presence of M. 

longicaudus, M. mexicanus, or M. montanus, would increase the number of identified 

western forms, and would indicate more eastward expansion of western forms than has 

previously been supposed. 

The third implication has to do with the nature of central Texas non-analogous 

assemblages. Most of the non-analogous assemblages in central Texas Late Pleistocene 

deposits are non-analogous because they contain allopatric species pairs. However, 

almost all of these pairs are only marginally or slightly allopatric (e.g. Notiosorex crawfordi 

with Synaptomys cooperi; Myotis veliter with Sorex cinereus ). The only exception to this is 

Schulze Cave at which Sorex vagrans is reported with Tamias striatus (Dalquest, et al., 

1969). It any of the Microtus remains represents M. longicaudus, M. mexicanus, or M. 

montanus, that species would also be significantly non-sympatric with Synaptomys cooperi, 

Blarina spp., Pipistrellus subflavus, and Microtus pinetorum. The co-occurrence of some 

of these pairs would be difficult to interpret. 

In addition to the paleobiogeographic implications discussed above, the presence of 

one or more of M. longicaudus, M. mexicanus, or M. montanus would have important 

implications tor the paleoecological reconstruction of central Texas. The reconstruction of 
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the general vegetational cover of central Texas would not be significantly different. Each of 

the species occurs in generally grassy or herbaceous habitats (Getz, 1985). The 

occurrence of M. longicaudus would suggest slightly higher forb dominance than would 

the presence of M. mexicanus, M. montanus, or even M. pennsylvanicus. More 

importantly, the presence of any of these species would require major changes in the 

moisture reconstruction. Because of its wide moisture tolerances (Getz, 1985), M. 

longicaudus would not affect the general moisture reconstruction. M. montanus occurs in 

drier habitats than M. pennsylvanicus (usually in well-drained mesic habitats) (Getz, 1985), 

but it has similar habitat requirement to those of M. ochrogaster, this means that its 

presence would not change the reconstruction. The presence of M. mexicanus, on the 

other hand, would significantly change the interpretation. It is the most arid adapted North 

American Microtus, found in semi-arid and arid open habitats and grasslands (Getz, 1985). 

It is difficult to conceive of climatic conditions that would allow a high-moisture requiring 

species like Synaptomys cooperi and an arid adapted species like M. mexicanus to co

occur. 

Microtus ochrogaster (Wagner) and Microtus pinetorum (Le Conte) 

prairie vole and woodland vole 

Referred Material: see Appendix A 

The dental characteristics that were used to distinguish M. ochrogaster I pinetorum 

from other species of the genus Microtus were discussed above. As a result of these 

characteristics the only body parts of these species which could be identified M2, M3, M1, 

M2, M3, and maxillae and mandibles having any of these teeth. As noted above in the 

discussion of identification of the various groups of Microtus, because of the overlap in 

tooth morphologies, individual teeth of some other arvicolines (such as M. mexicanus) 

(such as M2) could resemble those of M. ochrogaster I pinetorum. Thus some isolated 

teeth that have been identified as M. ochrogaster I pinetorum may actually belong to other 

species of Microtus. However, if this were a common occurrence in the Hall's Cave fauna, 
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more Mfs and M2'S of these other species of Microtus should also have been 

encountered. 

The M1 is the only tooth which I have used to distinguish between M. pinetorum and 

M. ochrogaster. Although characters of other teeth have been proposed (such as M3 by 

Patton, 1963), the characters that are thought to be most reliable are those of the M1 

(Martin, 1991). The two characters which I used consistently for separating M. ochrogaster 

from M. pinetorum are the shapes of buccal reentrant angle 3 (BRA3) and the anterior 

border of T4 (dental terminology follows van der Muelen, 1978 and Martin, 1991 ), and the 

degree of closure of the anterior cap from T4-5. The shape differences in BRA3 and the 

anterior border of T 4 were described by Martin (1991 ; p. 255-256) as follows: 

In M. ochrogaster BRA3 is often wide and shallow. The anterior border of 
T4, which forms the posterior edge of BRA3, usually forms an angle of 60° or 
more, often 90°, with an imaginary line run through the center of the anterior 
cap and T4-5. In M. pinetorum this enamel border slopes posteriorly, usually 
at an angle of 45° or less. BRA3 is often narrow and anteriorly directed 
curving up into the base of the anterior cap and exaggerating T6. 

Martin ( 1991) considers the shape of BRA3 to be the most reliable and usable 

character for distinguishing the two species. He does not advocate using the degree of 

closure of the anterior cap from T4-5 as a means to distinguish the species. The use of this 

character follows the suggestion of Johnson ( 1972) that M. pinetorum generally exhibits 

more complete closure (a narrower connecting neck) between T 4-5 and the anterior cap 

than does M. ochrogaster. Although there is overlap in this character, I have assigned M 1 's 

with relatively complete closure to M. pinetorum and ones with less closure to M. 

ochrogaster. In general, the assignments based on the two characters agree. 

The Hall's Cave deposit contains M 1 's with both M. ochrogaster morphologies and M. 

pinetorum morphologies. Therefore, I have identified both of these taxa from the Hall's 

Cave deposit. Both are interesting extralimital taxa with important paleoecological 

implications. 

M. ochrogaster has a modern distribution which includes much of the central United 

States and parts of south-central Canada (Figure 72) (Smolen, 1981). Until recently, a 

disjunct sub-species, M. o. ludovicianus was found in extreme eastern Texas; that 

population probably is extinct (Smolen, 1990). M. pinetorum is found throughout most of 
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the eastern and east-central United States (Figure 72). It is found in eastern Texas west to 

Jasper, Nacodoches, Hill, and Montague Counties (Dalquest, 1968 ;Schrnidly, 1983). 

Bryant (1941) recorded M. pinetorumfrom Kerr and Edwards Counties, and Davis (1974) 

records occurrences in Kerr and Gillespie Counties, but not in Edwards County. Hall 

(1991) uses these occurrences to extend the M. pinetorum range over the much of central 

Texas. However, Dalquest and others (1969) point out that the Edwards Plateau record 

actually represents a relict population that may now be extinct. The climate tolerance 

polygons for each of the species are shown in Figure 73. 

The ecological preferences of the two voles are quite different. M. ochrogaster 

generally inhabits grassland environments. Its main requirement may be dense enough 

vegetation for concealment and covered runways (Stalling, 1990; Jones, et al., 1985), 

although they also occur in sparse vegetation (Getz. 1985). On the plains, they are found 

primarily in the tall grass prairie, sandhills grassland, and cross timbers regions (Armstrong, 

et al., 1986). They usually are found in areas with mesic, well drained soils (Getz, 1985). 

M. pinetorum is a more woodland adapted vole than M. ochrogaster. It occurs in a 

variety of wooded habitats ranging from mature mesic deciduous forest to scrub oak (Getz, 

1985). On the plains, it is found in the oak-hickory forest, southern riparian forest, oak

hickory-pine forest, and cross timbers regions (Armstrong, et al., 1986). In addition to the 

woodland habitats which it inhabits, it also utilizes grassy and brushy fields. The woodland 

vole is the most fossorial of North American species of Microtus. For this reason, soil 

conditions may be one of the most important factors in their ecological requirements. They 

mainly utilize soils that moist. well-drained, and loamy, and they tend to avoid saturated or 

dry soils, and stony or gravelly ones for their subsurface runways and nests (Rhodes and 

Richmond, 1985). Most of their burrows run between 5 and 10 cm below the surface, 

although they may burrow to about 30 cm in depth (Smolen, 1981). 

The remains of both voles probably entered the Hall's Cave deposits through the 

action of raptors, and to a lesser extent, mammalian carnivores. Both are both common 

prey of both avian and mammalian carnivores (Smolen 1981 ; Stalling, 1990). Based on 

their environmental preferences, M. ochrogaster probably inhabited the upland habitats in 

the area of the cave, and M. pinetorum probably inhabited the riparian or moister habitats 

and areas in which vegetation was more dense. 
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[Ilil1 Microtus pinetorum 

§ Microtus ochrogaster 

Figure 72 -- Historic distribution of Microtus ochrogaster (Stalling, 1990) and M. 
pinetorum (Smolen, 1981 ). The central Texas population of M. pinetorum and the 
southeastern Texas I southwestern Louisiana population of M. ochrogaster (M. o. 
ludovicianus) both are probably extinct (Dalquest, et al., 1969; Smolen, 1981 ). 
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Figure 73 -- Climatic tolerance regions for (A) Microtus ochrogaster and (B) M. pinetorum 
(geographic ranges follow those shown in Figure 72, above) ; each also shows the climate 
of Kerrville , Tx. Both were derived using the methods described in Climatic Tolerance 
Analysis , above. The temperature tolerance of M. ochrogaster is artificially truncated at 
-20°C and the precipitation tolerance of M. pinetorum is truncated at 20 cm . 
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M. ochrogaster and M. pinetorum have the most interesting and important 

stratigraphic distributions of the Hall's Cave mammals (Figures 74 and 75). Both are 

consistently present in the deposit between >20,000 RCYBP (320-325 cm) and 4500 to 

4750 RCYBP (85-90 cm) . During most of this period both are fairly common members of 

the Hall's Cave fauna. They become noticeably more abundant in the Late Pleistocene 

deposits between about 240 cm and 175 cm. Their general rarity below about 240 cm 

probably is due to the poorer sampling and microfauna recovery that affects all of the fauna. 

Voles (probably only M. pinetorum) also are consistently present in the deposit above 25 

cm (approximately 2000 RCYBP). Only one Microtus tooth has been recovered in the 

interval between 85 cm and 25 cm. Although they are consistently present in the fauna 

between 20-25 cm and the top of the deposit, they are not abundant in these levels. 

Both the prairie vole and the woodland vole are common elements in the Late 

Pleistocene and Holocene faunas of central Texas (Table 39). Based on the records from 

Hall's Cave and other central Texas sites. the historical biogeography of these voles can be 

summarized as follows: Both M. ochrogaster and M. pinetorum probably were common 

during the Late Pleistocene over most of the plateau. Their presence in the Amistad 

region is not well established. Both continued to be important elements of the fauna 

during the early and middle Holocene, although both may have been decreasing in 

abundance during this time. 

This conjecture is not based on strong data; however, the Hall's Cave record vaguely 

suggests decreasing numbers. In the stratigraphic distributions shown above (Figures 74 

and 75) the numbers of specimens generally decreases between about 125 cm and 95 cm. 

The two levels in that range lacking Microtus remains also suggest lower numbers. By 

about 4500 RCYBP both taxa either were eliminated from the west-central plateau or were 

restricted to limited, isolated microhabitats. In addition to their absence in a portion of the 

Hall's Cave stratigraphy, they are also absent from the late Holocene unit at Schulze Cave 

(Dalquest, et at., 1969). 

The presence of voles at the Barton Road Site (non-cultural levels), the Wilson

Leonard Site and the brown clay from Miller's Cave suggests that they continued to be 

present on the eastern plateau. The youngest deposit containing M. ochrogaster is the 

brown clay at Miller's Cave. This indicates that M. ochrogaster was extirpated from the 

plateau sometime in the last 3000 years. 
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Figure 74 -- Stratigraphic occurrence and abundance of combined M. ochrogaster and 
M. pinetorum and M. ochrogaster I pinetorum based on number of catalogued specimens 

in 5 cm levels. This includes identifications based on M1, M2, M3, M2, and M3's. In 
addition to the occurrences shown above specimens have been identified in the following 
levels (abundance in parentheses) : 45-60 cm (1 ), 325-330 cm (2), 350-355 cm (3) 
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Figure 75 -- Stratigraphic occurrence and abundance of M. ochrogaster and M. 
pinetorum based on number of catalogued specimens in 5 cm levels. The catalogued 
specimens are almost all Mfs, and specimens identified at the cf. level also are included in 
the graph. In addition to the occurrences shown above M. ochrogaster has been 
identified in the following levels (abundance in parentheses): 325-330 cm (1), 350-355 cm 
(3) 
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Sometime about 2000 RCYBP Microtus (probably only M. pinetorum ) increased in 

abundance, and expanded its range back across the plateau. This expansion may have 

occurred either from the eastern portion of the plateau or from microhabitat refuges 

(possibly Lost Maples and similar habitats). These refuges probably were similar to the 

isolated population occurrences that were reported historically. That its range expanded to 

include much of the plateau is suggested by its presence in very young deposits (<2000 

RCYBP) in many areas of the plateau, including Rattlesnake Cavern (Sutton County ), Hall's 

Cave, Friesenhahn Cave, Barton Road Site, Longhorn Cavern, and the Wilson-Leonard 

Site. Although these records may represent discontinuous populations from various 

microhabitats, they certainly represent an expanded presence compared to the period 

between 5000 and 2000 RCYBP. 

M. pinetorum remained in at least some areas until historic times on the western 

(Rattlesnake Cavern), central (Hall's Cave) and eastern plateau (Longhorn Cavern). The 

woodland vole probably has been eliminated from the Edwards Plateau during the last 50 

years, although small populations could still occur in moist, protected habitats with better 

developed soils. 

The historical biogeographic patterns described above are interpreted to indicate 

changes in environmental conditions on the plateau, primarily in available moisture. Voles 

of the genus Microtus (and arvicolines in general) are poorly adapted for conditions of 

aridity and high temperature (Rose and Birney, 1985). Temperature seems less likely to be 

the factor controlling their presence and absence. Examination of the tolerance polygons 

(Figure 73) shows that both species occur in areas with June, July and August mean 

temperatures 1.5°C higher than modern central Texas temperatures. It seems unlikely that 

temperature changes were of this magnitude. Both taxa, however, have aridity tolerances 

(precipitation as a proxy) very close to modem central Texas conditions. Moisture probably 

affects voles through one of two mechanisms. One possibility is that soil moisture was 

reduced and this eliminated the semi-fossorial woodland voles. Another possibility is that 

vegetational changes associated with lower moisture rendered most of the ecosystem 

unsuitable for both voles. 
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Table 39 -- Some of the important latest Pleistocene and Holocene microvertebrate sites 
which contain M. ochrogaster or M. pinetorum. All specific designations are those of the 
original author. 

Site Microtus identified Reference 
Barton Road Site 

1 k 
3-4 k 

Bonfire Shelter 

Cave Without A Name 

Felton Cave 

Friesenhahn Cave 
Black Fill 

8-9 k 

17-19 k 

Kyle Site 

Laubach Cave II 

Laubach Cave 111 

Laubach Cave IV 

Longhorn Cavern 
Black Fill 

Red Fill 

Breccia 

Miller's Cave 
Travertine 

Brown Clay 

Montell Shelter 

M. sp. 
M. sp. 

M. sp. 

M. sp. 

M. sp. 

M. sp. 

M. sp. 

M. sp. 

M. pinetorum 

M. sp. 

M. sp. 
M. ochrogaster 

M. sp. 

M. pinetorum 

M. pinetorum 

M. pinetorum 

M. ochrogaster 

M. ochrogaster 

M. sp. 

Lundelius, 1967 

VP Lab catalogue 

Lundelius , 1967 

Lundelius , 1967 

Graham, 1987 

Lundelius, 1967 

Lundelius, 1985 

Lundelius, 1985 

Lundelius, 1985 

Semken, 1961 

Patton, 1963 

Lundelius, 1967 
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Table 39 (con't.) 

Site 
Rattlesnake Cavern 

Schulze Cave 
UnitC 

Seminole Sink 
Holocene 

The Avenue l.f . 
M. ochrogaster 

Wilson-Leonard Site 
M. ochrogaster 

Zesch Cave 

Microtus identified 

M. pinetorum 

M. pinetorum 
M. ochrogaster 

M. sp. 

M. pinetorum or 

M. pinetorum or 

M. Sp. 

Reference 

Semken, 1967 

Dalquest and others, 1969 

Rosenberg, 198 

Lundelius, 1992 

Winkler, 1985 

Lundelius, 1967 

M. pinetorum was present under modern climatic conditions in isolated microhabitats 

on the central Edwards Plateau . Drier conditions would have reduced these microhabitats 

and reduced representation of M. pinetorum in the deposits. Therefore, the period of 

Microtus absence at Hall's Cave is considered to indicate a period of drier than modern 

conditions. This idea also is supported by the fact that Pipistrellus subflavus (present in 

the area today) was absent during the same time and that Notiosorex was relatively 

abundant during this period. 

The relative abundance of M. pinetorum compared to M. ochrogaster is difficult to 

evaluate. Overall, M. ochrogaster outnumbers M. pinetorum by approximately two to one. 

This probably indicates that the ecosystem was dominated by open grassland 

environments. This is just an average abundance difference; the actual abundance ratio in 

various levels varies significantly from the average of 40% M. pinetorum (Figure 76). 

Perhaps the most obvious interpretation of the changes in relative abundances is that they 

represent changes in the proportions of woodland (riparian) and grassland habitats. 

However, this interpretation appears to be at odds with the other information derived from 

the cave fauna. The high percentage M. pinetorum in the upper levels clearly is an artifact 

of the fact that M. ochrogaster is not present above 85 cm. The other period of relatively 

high M. pinetorum was between 11,600 and 9200 RCYBP ( 165-190 cm). The 
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Figure 76 -- Stratigraphic changes in the M. pinetorum to M. ochrogaster abundance 
(expressed as a the ratio of M. pinetorum to the sum of M. pinetorum and M. ochrogaster ). 
The numbers are based on the number of catalogued specimens identified to species at 
the cf. level or higher certainty (Figure 75). Zero indicates all M. ochrogaster and 100 
indicates all M. pinetorum in a level. Bars below zero indicate that neither taxa has been 
recovered in that level so that the ratio cannot be evaluated. 

fluctuations in the relative abundances of Notiosorex and Cryptotis (Figure 40) suggest 

that 11,600 to 1O,125 RCYBP (190-175 cm) was a relatively dry period, and that 10, 125 to 
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9200 RCYBP (175-165) was a mesic interval. It appears seems that riparian areas would 

have remained more extensive for both the drier and moister period. The expansion of 

riparian habitats (and of M. pinetorum) would be expected during the more mesic interval. 

The reason for increased M. pinetorum during the relatively dry portion of the interval is not 

clear at this time. 

Genus Synaptomys 

Synaptomys cooperi Baird 

bog lemming 

Referred Material: 41229-1366 rt mandible, anterior w/ M1-2, East half of Composite Pit I 

under rock B; 220-230 cm; 41229-2432 rt mandible, anterior w/ M 1-2, Pit 1 C; 225

230 cm; 41229-3023 rt M2. Pit 1C; 195-200 cm; 41229-5040 rt mandible, anterior 

2/3w/1-M2; Pit 1C; 225-230 cm; 41229-5960 rt M3, Pit 1C; 225-230 cm; 41229

6066 It mandible, anterior 2/3 w/ M1-3, Pit 1C; 220-225 cm; 41229-10273 It M2, Pit 

1C; 250-255 cm; 41229-11095 It mandible, anterior w/ l-M1, Pit 1d/E; 195-200 cm; 

41229-11152 rt M1, Pit 1d/E; 215-220 cm; 41229-11275 rt M2, Pit 1d; 325-330 

cm; 41229-11693 It M1. Pit 1 d; 350-355 cm; 41229-12002 palate, w/ It M1, rt M 1-2 

Pit 1d/E; 200-205 cm; 41229-12009 rt ML Pit 1d; 265-270 cm; 41229-12018 It M1, 

Pit 1d/E; 230-235 cm 

Molars from the genus Synaptomys can be distinguished easily from those of other 

arvicoline rodents. They are rootless teeth with deep lingual reentrants that extend about 

85% or more across the teeth. Cement is present in the reentrants. The presence of labial 

triangles on lower molars serves to distinguish them from those of Mictomys (considered by 

some a sub-genus of Synaptomys ). Two species of Synaptomys, S. cooperi and S. 

australis, are found in Late Quaternary deposits (ignoring Mictomys borealis, which 

sometimes is treated as a species of Synaptomys). These two forms are distinguished only 

by their size, with S. australis being approximately 35% larger (Simpson, 1928). The status 
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of S. australis as a species distinct from S. cooperi has been questioned repeatedly. For 

example, Guilday and others (1978) suggested the possibility of continuous size variation 

between the two species. S. australis is treated as a large race of S. cooperi by Repenning 

and Grady (1988). The geographic variation in size is discussed further below. The Hall's 

Cave material falls well within the size range of S. cooperi and is much smaller than material 

generally referred to S. australis (Table 40). 

The modern range of S. cooperi includes much of the northeastern quarter of North 

America (Figure 77), from central Ontario and Quebec south to North Carolina, Tennessee, 

Arkansas and the Oklahoma-Kansas border. The eastern edge of the range is the Atlantic 

coast; however, the western edge of the range is more difficult to determine. Hall (1981) 

shows its range as extending west to central Nebraska and western Kansas with a relict 

population in southwestern Nebraska. However, in western Kansas it also is limited to small 

relict populations in isolated locations. Thus the range probably should include only the 

eastern half of Kansas, plus isolated areas to the west (Jones, et al., 1985). The isolated 

populations on the western plains are found in boggy areas around seeps and wetlands; 

these populations probably are relicts of the more extensive Pleistocene distribution 

(Jones, et al., 1985). The climatic tolerance diagram for Synaptomys cooperi, based on its 

modern range, is shown in Figure 78. 

S. cooperi is found in a wide variety of environments, although many of their 

preferred habitats are moist ones. In addition to sphagnum bogs, they are known from 

grasslands, wet meadows, pastures, grassy openings in woods, mixed deciduous-conifer 

forests, rights-of-way, and clear cuttings (Linzey, 1983). They may be found in these 

habitats because the habitats are marginal for Microtus (especially M. pennsylvanicus) . 

When it occurs with Microtus ochrogaster or M. pennsylvanicus on the Plains, S. cooperi is 

found in moister habitats (Jones, et al., 1985). Some predators on Synaptomys include 

owls (including Asio flammeus), Mustela erminea (Linzey, 1983), Canis latrans, Procyon 

lotor, and foxes (Jones, et al., 1985). 
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11111!11 Synaptomys cooperi 

Figure 77 -- Distribution of Synaptomys cooperi. Range is largely from Linzey (1983); 
however, the plains distribution follows Jones and others ( 1985). 
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Figure 78 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for S. cooperi (geographic range as shown above in Figure 77). Diagram is 
derived by the method described in Climatic Tolerance Analysis , above. 

Marked clinal size variation occurs in modern samples of Synaptomys cooperi. They 

are smaller in the northern and eastern portions of their range and larger in the southern 

and western portions (Wetzel, 1955). This variation, as represented by the length of the 

M1, also appears to be true of Late Pleistocene populations (see Table 40). Two problems 

with this simple picture are that deposition was not contemporaneous at all sites, and that 

potentially large amounts of time are combined at some sites. This leads to possible size 

changes over time being disregarded. 

Because only fourteen specimens of S. cooperi have been found at Hall's Cave, its 

stratigraphic distribution at Hall's Cave is poorly known. It appears to have been abs~nt 

from the hunting area around the cave after approximately 12,000 RCYBP (195 cm) . It was 

present between 12,000 and 13,000 RCYBP (195 to 205 cm) and between 14,000 and 

16,000 RCYBP (215 to 235 cm). The presence of Synaptomys before 16,000 RCYBP 

(235 cm) cannot be evaluated adequately at this time. It was present during at least some 

periods prior to this time: 17,500 to 18,000 RCYBP (projected) (250-255 cm), 19,000

19,500 RCYBP (projected) (265-270 cm), and at two separate times >20,000 RCYBP 
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(projected) (325-330 cm and 350-355 cm). However, both the decreased abundance of 

microfauna and the poorer sampling at lower levels make it impossible to evaluate the 

significance of these absences. The apparent absence between 14,000 RCYBP (215 cm) 

and 13,000 RCYBP (205 cm) is more interesting. This is a fairly well sampled interval with 

relatively abundant arvicoline remains. This 1 Ocm gap in the presence of remains is 

provisionally considered to represent an absence of Synaptomys in the area between 

14,000 and 13,000 RCYBP. 

Site Location N X(mm) s.d. O.R. (mm) Ref. 

Synaptomys cooperi 

New Paris Pennsylvania 20 2.41 0 .09 2.3-2.5 

Clark's Cave Virginia 33 2.40 0 .11 2.2-2 .7 

Natural Chimneys Virginia 14 2.39 0.05 2.2-2 .5 

Robinson Cave Tennesse 71 2.65 0.12 2.3-2.9 

Baker Bluff Cave Tennessee 265 2.53 0.13 2.2-2 .8 

Carrier Quarry Cave Tennessee 48 2.55 0 .13 2.2-2 .8 

Crankshaft Cave Missouri 56 2.65 0 .2 2.3-3 .3 2 

Peccary Cave Arkansas 16 2.73 2.5-2.9 3 

Waubonsie l.f. Iowa 11 3.00 0 .20 2.58-3.33 4 

Hall's Cave Texas 8 2.81 0 .07 2.71 -2.92 

The Avenue l.f . Texas 2.76 5 

"S. australis" 

CMNH collect ion Florida 7 3 .5 3.3-3.9 

Carrol Creek Texas 3.50 6 

Table 40 -- Occlusal length of the M1 of late Pleistocene Synaptomys. Key to references: 

1, Guilday and others (1978); 2, Parmalee and others (1969); 3, Semken (1984); 4, 
Rhodes (1984); 5, Lundelius (1992) ; 6, Kasper (1992). The specimens from Crankshaft 
Cave were originally identified as a mixture of S. cooperi and S. cf. australis. 

During the late Pleistocene, S. cooperi apparently was widespread to the south and 

west of its modem range. It is known from sites in Georgia, Florida (depending on the 

status of S. australis), Tennessee, Arkansas, Oklahoma, Texas, Colorado (Lundelius, et al., 

1983), and Nuevo Leon (Cushing, 1945). In Texas, it is known from many sites throughout 
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all regions except the Trans-Pecos area (where it may have been absent) and south Texas 

{which has few sites). Central Texas sites at which it is found include Hall's Cave, Schulze 

Cave (unit C), Friesenhahn Cave (8-9000 RCYBP), Miller's Cave, Cave Without A Name, 

Longhorn Cavern, the Avenue l.f. and Zesch Cave. Synaptomys is not very common at any 

of these sites; it generally is represented by less than 5 specimens at each site. Microtus 

ochrogaster lpinetorum is more numerous in all cases. However, in the two cases (Hall's 

Cave and Cave Without A Name) in which it occurs with other species of Microtus (M. 

pennsylvanicus and possibly other voles), bog lemming remains are more numerous than 

those of these vole remains. 

Based on these occurrences, Synaptomys was present on much of the Edwards 

Plateau during the Late Pleistocene. The Hall's Cave record suggests that they were 

extirpated from the uplands on the plateau by approximately 12,000 RCYBP. Within this 

context, the dates on the Schulze Cave (unit C), Cave Without A Name, and Friesenhahn 

Cave deposits are of interest. None of these sites have particularly reliable dates, and 

because all of the dates are on bone they could be significantly older than the dates 

suggest. However, the possible later presence at these three sites may be due to the 

effects of edaphic conditions and moisture gradients. All three sites are close to fairly large 

drainages, and two are east of Hall's Cave. It would not be surprising for Synaptomys to 

have persisted longer in these areas. The extirpation of Blarina might serve as a model. It 

apparently was extirpated from the Hall's Cave area by about 5000 RCYBP; however, it 

occurred near Austin until 1000 RCYBP. 

The presence of Synaptomys at Hall's Cave and other central Texas sites is an 

important environmental indicator. First, it indicates conditions of higher effective moisture 

at least prior to 12,ooo RCYBP in the area of Hall's Cave. Analysis of the climatic tolerance 

space of S. cooperi (Figure 78) suggests that the summer effective moisture must have 

been significantly higher, on the order of the equivalent of at least 3 cm more precipitation 

for June through August. Whether the increase in effective moisture is due to 

precipitation, or evapo-transpiration changes, or both cannot be determined. Winter and 

early spring moisture also appears to be marginally low. 

In addition to the increased moisture the presence of bog lemmings indicates the 

presence of moist grassy habitats near the cave. These are interpreted to represent boggy 

or moist sedge-grass associations around prairie pothole wetland settings. The edaphic 
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setting reconstructed as habitat for the Late Pleistocene central Texas Synaptomys is 

similar to the settings in which they are found on the plains today (Jones, et al. , 1985) . 

One of the reasons for suggesting this type of setting is that it may account for the relative 

abundance of the various arvicolines. During the Late Pleistocene S. cooperi, M. 

pinetorum, M. ochrogaster, and M. pennsylvanicus inhabited the hunting range around 

the cave. When the various combinations of these species co-occur, S. cooperi probably 

inhabits the wettest habitats, M. pennsylvanicus the medium-moist conditions, and M. 

ochrogaster the drier upland conditions. The central Texas record suggests that M. 

pennsylvanicus was rare . This could reflect a lack of the medium moist settings. One 

possible ecological scenario which might lack intermediate habitats would be generally dry 

mixed grass prairie with small prairie pothole wetlands. Habitats with intermediate amounts 

of moisture might have been found near the larger watercourses. The distance to these 

could have made them less common hunting ranges of the predators at Hall's Cave. For 

this reason M. pennsytvanicus (or M. montanus or M. tongicaudus) would be rarer than the 

other arvicolines. 

Family Zapodidae 

Genus Zapus 

Zapus hudsonius (Zimmerman) 

meadow jumping mouse 

Referred material: TMM 41229-6070, rt maxilla, w/ M1 -3, East half of Composite Pit I ; 220

230 cm; TMM 41229-10882, rt maxilla, w/ p4_M2, Pit 1d/E; 225-230 cm; 

The combination of a small peglike p4 with large M 1-3 easily identifies the genus 

Zapus. Specific identification of Zapus is more difficult. Krutzsch (1954) , in his revision of 

the genus, listed cranial and dental characters that distinguish Z. husdonius from Z. 

princeps. The maxillary tooth row length of Z. princeps (average larger than 3.8 mm) is 

larger than that of z. hudsonius (average less than 3. 7 mm). The upper premolar also is 
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larger in Z. princeps (average 0.55 mm in length and 0.50 mm in breadth) than in Z. 

hudsonius (average 0.30 mm in length and 0.35 mm in breadth). The occlusal pattern of 

the M 1 also provides some information. In Z. hudsonius the hypoloph usually is 

connected to the anterior cingulum, most often by a medial connection (Martin, 1989). In Z. 

princeps and Z. trinotatus the hypoloph and anterior cingulum usually are not connected 

(Martin, 1989) 

One of the Hall's Cave specimens (41229-6070) is missing the upper premolar, so 

the evaluation of maxillary tooth row and premolar size is difficult. However, including the 

alveolus of the p4, the estimated maxillary tooth row length is 3.65 mm. The p4 alveolus of 

41229-6070 is 0.44 mm long and 0.41 mm wide; the p4 will be slightly smaller than this. In 

addition, the anterior cingulum on the M1 has a broad medial connection to the hypoloph. 

All of these characters support an identification of Zapus hudsonius. 

The second Hall's Cave specimen has a p4 which measures approximately 0.33 mm 

long by .41 mm wide. This is smaller than would be expected in Z princeps. The 

connection between the anterior cingulum and hypoloph is equivocal. There appears to 

be a narrow medial connection, but it is not well developed. This may be due to the fairly 

unworn nature of the tooth. This specimen also is identified as z. hudsonius. 

Zapus hudsonius is found over much of the northern half of North America (Krutzsh, 

1954). Its range extends considerably further south in the east than in the west. The 

southern edge of the range extends through British Columbia, Alberta, Saskatchewan, 

south onto the plains into eastern Montana, Wyoming, Colorado, Nebraska, Kansas, 

northeastern Oklahoma, and east through Missouri, Tennessee, Georgia, and North 

Carolina (Hall, 1981 ). A climate tolerance diagram for Z. hudsonius is shown in Figure 79. 

Its range suggests that Zapus hudsonius may have a low tolerance for summers that are 

hot or dry. On the plains they are known mainly from wetland habitats (Armstrong, et al., 

1986). 

Both of the specimens from Hall's Cave come from between 220 and 230 cm 

(14,500 to 15,500 RCYBP) . This probably does not represent the total temporal range of 

the species in the Hall's Cave area; these levels tend to have abundant bone and would 

contain samples of rarer species. 
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Figure 79 -- Climatic tolerance diagram (mean monthly temperature vs. average monthly 
precipitation) for Z. hudsonius (geographic range as in Hall, 1981 ). The tolerance diagram 
is truncated on the high precipitation end; actual tolerance extends to monthly mean 
precipitation of 50 cm . Diagram is derived by the method described in Climatic Tolerance 
Analysis, above. 

Z. hudsonius has not been identified from any other Texas site. Dalquest and 

others (1969) identified Z. princeps from Schulze Cave. I have reexamined the Schulze 

Cave material. One mandible from zone C-1 (MWSU 7296), five mandibles from zone C-2 

(MWSU 7367), and one unpublished jaw from zone C-3 all have M1. In each case the M1 

has a broad anteroconid with an anteromedian fold. Klingener (1963) lists these features 

as characteristics of Z. hudsonius, and Martin (1989) notes that the lack of an 

anteromeredian fold is characteristic of Z. princeps and usually Z. trinotatus. Two maxillae 

recovered from zone C-2 (MWSU 7367) have M1's with the anterocone connected to the 

hypoloph by a medial connection. This is the most common case for Z. hudsonius but is an 

uncommon morph in Z. princeps (Martin, 1989). For these reasons I refer the Schulze 

Cave specimens to Z. hudsonius. 

The only other site at which Z. hudsonius is found significantly outside its modern 

range is the Jones-Miller site in Yuma County, Colorado (Rawn-Schatzinger, in press, cited 
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in Graham, 1986). Other sites from which it is known (Lundelius, et al., 1983) are either in or 

just marginal to the modern range of Z. hudsonius. 

Zapus hudsonius is an extremely rare member of the central Texas Pleistocene 

fauna. The reason for this paucity may relate to an actual paucity in the environment or to a 

lack of sampling. Whitaker (1963) summarized predation records on Z. hudsonius. A large 

variety of both avian and mammalian predators are known to take Z. hudsonius. Avian 

predators include Tyto alba, Bubo virginianus, Otus asio, Asio otus, Circus cyaneus, and 

Buteo jamaicensis. Mammalian predators include Vulpes fulva, Urocyon cinereoargenteus, 

Mustela spp., Canis latrans and Fe/is catus. However, Zapus hudsonius seems to be a 

fairly rare prey item for most of these predators. 

Zapus hudsonius is found in wide variety of habitats. Krutzsch (1954) indicates that 

it occurs in low undergrowth, open conifer forest , deciduous groves, and stands of shrubs. 

However, it is most common in open environments with grassy or herbaceous cover 

(Whitaker, 1972). It is common at Badlands National Park but is limited to the prairie 

environment. Adequate herbaceous cover is necessary for Zapus hudsonius. 

There is contradictory evidence concerning the moisture dependence of Z. 

hudsonicus (Whitaker, 1972). However, most sources suggest that fairly moist conditions 

are required for Z. hudsonius. Townsend (1935) suggested that wandering movement by 

Z. hudsonius is associated with a search for moist areas during dry periods in summer. This 

is consistent with the suggestion above based on their range. 

The presence of Z. hudsonius in central Texas during the late Pleistocene supports 

several aspects of the vegetational reconstruction. It probably indicates the presence of 

areas with dense grassy or herbaceous cover. These areas of grassy cover probably occur 

in moist micro-habitats such as prairie pothole wetlands. Even if they occurred in mesic 

micro-habitats, their presence requires increased effective moisture during the late 

Pleistocene (Figure 79). If summer temperatures were the same, a total of 4.5 cm more 

precipitation would have been required. On the other hand, the modern precipitation 

would suffice with a 2.5°C decrease in mean monthly summer temperature. 
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Order Carnivora 

Although the carnivores recovered at Hall's Cave are fairly diverse, they generally are 

not very abundant. The stratigraphic distribution of each of the carnivores in the deposit is 

very spotty. In addition, carnivores have not been a high priority group in cataloguing. This 

lack of cataloguing priority has affected all carnivores but is most marked for small carnivores 

and small elements of large carnivores. For this reason, the catalogued material more 

accurately represents the actual recovered material for large carnivores, such as Canis 

lupus, Panthera spp., and Ursus sp., than for smaller carnivores. The result of this 

combination of poor representation and low cataloguing priority is that the conclusions 

based on the carnivores are only preliminary. 

Family Canidae 

Genus Canis 

Remains of the genus Canis were identified based on comparison with recent 

material. This easily allows identification to the generic level. Unfortunately, at the specific 

level it is often difficult or impossible to distinguish the members of Canis based on isolated 

skeletal material of the quality found at Hall's Cave. Five species of Canis must be 

considered seriously in trying to identify central Texas dog material : the extant C. latrans, C. 

lupus, C. rufus, and C. familiaris and the extinct C. dirus. Any or all of these may be present 

in the deposit, and at least two, a large and a small species (probably C. latrans and C. 

lupus) definitely are present. 



372 

Canis latrans and I or C. familiaris 

coyote and I or domestic dogs 

Material referred to Canis latrans or familiaris. : 41229-15, 13, Pit I; 15-30 cm; 41229-294, 

rt M3, Pit I; 150-165 cm; 41229-493, terminal phalanx, Bear Pit; Black Dirt; 41229

644, atlas, Pit 1A; 160-165 cm; 41229-696, rt P3, Pit 1; 50-55 cm; 41229-697, rt 

p3, Pit 1; 50-55 cm; 41229-720, rt metacarpal 3, Pit 1; 45-50 cm; 41229-721, rt 

radius, Pit 1; 45-50 cm; 41229-1358, axis, Pit 1C; 70-75 cm; 41229-2539, terminal 

phalanx, Pit 1 B; 90-95 cm; 41229-2554, atlas, Pit 1 B; 90-95 cm; 41229-2588, rt 

calcaneum, Pit 1C; 75-80 cm; 41229-2597, terminal phalanx, Pit 1C; 105-110 cm; 

41229-2598, It metatarsal 4, Pit 1C; 105-110 cm; 41229-2777, It calcaneum, Pit 1C; 

25-35 cm; 41229-3351, -3352, -3353, -3354, -3355, -3356, -3357, -3358, -3359, 

-3360, -3361 , -3363, -6729, coprolites and coprolite fragments, Pit 1A; 140-145 cm; 

41229-3795, -3796, -3797, -7181, -7182, -7183, -7184, -7185, -7186, -7187, 

-7188, -7189, -7190, -7191, -7192, -7193, -7194, -7195, coprolites and coprolite 

fragments, Pit 1A; 145-150 cm; 41229-3798, coprolite mass, Pit 1B; 135-140 cm; 

41229-3799, coprolite mass, Pit 1 B; 135-140 cm; 41229-4004, rt 11, Pit 1 B; 55-60 

cm; 41229-6152, thoracic vertebra, Pit 1B; 60-65 cm; 41229-6153, It metatarsal 4, 

Pit 1B; 60-65 cm; 41229-6299, It dP3, Pit 1d; 45-50 cm; 41229-6561, It 

calcaneum, astragalus and metatarsal 4, Pit 1d; 145-150 cm; 41229-6562, It 

metacarpal 4, Pit 1d; 145-150 cm; 41229-6613, lumbar vertebra, Pit 1C; 60-65 cm; 

41229-7112, It M2, Pit 1B; 130-135 cm; 41229-7298, dP4, Pit 1; 70-75 cm; 

41229-8236, rt cuneiform, Pit 1A; 5-10 cm; 41229-9849, rt scapholunar, Pit 1B; 

70-75 cm; 41229-9865, It metacarpal 5, Pit 1C; 100-105 cm; 41229-9881 , It 

metatarsal 5, Pit 1C; 105-11 O cm; 41229-9951, rt M1, Pit 1A; 110-115 cm; 41229

10075, rt P4, Pit 1d; 100-105 cm; 41229-10357, rt 13, Pit 1d; 130-135 cm; 41229

10778, rt M1 , talonid, Pit 1B; 50-55 cm; 41229-11094, It M2, Pit 1d/E; 195-200 cm; 

The material from small species of Canis at Hall's Cave is too fragmentary to be 

identified to species. Well preserved mandibles or skulls are necessary for confident 

separation of C. latrans from C. fami/iaris. Temporal information is not much help in this 

problem. The oldest dated domestic dog remains in North America, from Jaguar Cave in 
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Idaho (Anderson, 1984), are associated with a radiocarbon determination of 10,370 ± 350 

RCYBP (Anderson, 1984). Only one small Canis specimen from Hall's Cave (41229

11094) comes from a context older than this date. In addition, both Canis tamiliaris and C. 

latrans are known from Bering Sinkhole, approximately 15 km north of Hall's Cave (Bement, 

1991). At that site the C. tamiliaris remains date to between 4500 and 1500 RCYBP, and 

C. latrans is known in the deposit from levels dating from 7000 to 2000 RCYBP (Bement, 

1991 ). 

The presence of C. latrans, C. familiaris, or both at Hall's Cave has no special 

environmental significance. Both are found in the area today, and both have broad 

environmental tolerances. Remains of small species of Canis, usually identified as C. 

latrans, are common in central Texas Quaternary deposits (Nowak, 1979; Graham 1986). 

Perhaps, the most important implication of the presence of C. familiaris is that it indicates 

the presence of humans, although not necessarily locally. This would only be significant in 

the case of very early (>11,000 RCYBP) identifiable C. familiaris remains. 

In addition to skeletal remains of C. latrans or familiaris from the cave, a large number 

of coprolites have been recovered which have been identified as having been produced 

by one of these two taxa. These coprolites are reddish yellow colored masses (7.5 YR 6/6 

in situ) which contain large amounts of fragmented bone. They are calcite impregnated and 

occur as both individual boluses and as agglomerations of several boluses. They have 

been identified on the basis of both size and shape. They agree well with both the 

description of C. latrans scat in Murie (1954) and with my observations of both coyote and 

domestic dog scat. The scats contain both unidentifiable bone fragments and identifiable 

elements. Much of the unidentifiable material probably is from rabbits or other rabbit sized 

mammals. The identifiable material includes Neotoma, Geomys, Chaetodipus, and 

Sylvilagus. 

The presence of a large number of coprolites attributed to C. latrans or C. familiaris in 

the deposit is notable. Although catalogued material represents the concentrations at 

approximately 145 cm, coprolites are present throughout at least the upper 150 cm of the 

deposit. These coprolites are readily identifiable in excavation because the are a different 

color than the surrounding sediment (example at 125 cm: coprolites 7.5YR6/6, sediment 

5YR3/2). The coprolites often are poorly consolidated and crumble when collected. The 

exception is in the places where there are concentrations of coprolites (Figure 19). In 
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these cases some of the coprolites are well cemented and can be collected . The reason 

for the lack of identifiable coprolites below 150 cm is not known. Three possibilities are that 

they simply were not preserved, that they were not identified in the red clay, or that canids 

were not using the cave as a latrine before about 8000 RCYBP. 

The presence of the coprolites in the upper portion of the deposit is important 

taphonomically. It indicates that mammalian carnivores, specifically C. latrans or C. familiaris, 

were contributing bone to the deposit. In the levels such as 120-130 and 140-150 cm in 

which there are concentrations of scat they may have contributed a significant portion of 

the bone. 

Canis lupus± C. rutus ± C. dirus 

gray wolf ± red wolf ± dire wolf 

Material referred to Canis lupus : 41229-12042; partial skull, rt mandible and partial 

skeleton, Bear Pit ; Black Dirt 

Material referred to Canis lupus or rufus: 41229-122, M3, Pit I; 90-105 cm; 41229-492, 

thoracic vertebra, Bear Pit ; Black Dirt; 41229-500, C 1, Bear Pit; Black Dirt; 41229

501, C1, Bear Pit; Black Dirt; 41229-502, C1, Bear Pit; Black Dirt; 41229-503, C1, 

Bear Pit; Black Dirt; 41229-531 , rt C1. Bear Pit; 41229-700, It metacarpal 2, Pit 1 ; 10

15 cm; 41229-1594, terminal phalanx, Pit 1B; 15-20 cm; 41229-3575, It 13, Pit 1B; 

45-50 cm; 41229-10812, rt metatarsal 3, Pit 1d/E; 170-175 cm; 41229-11182, rt 

P1, Pit 1d/E; 215-220 cm; 

Material referred to Canis dirus or lupus or rufus : 41229-3743, 11or2. Pit 1C; 190-195 

cm; 41229-10877, phalanx 1, Pit 1 d/E; 190-195 cm; 

Other than the material which can be tentatively identified as Canis dirus (see below), 

the identification of most of the wolf sized material is uncertain. Two living species of wolf, 

C. lupus and C. rufus, apparently have lived on portions of the Edwards Plateau in historic 

times (Paradiso and Nowak, 1972; Nowak, 1979; Davis, 1974). Characters for 

distinguishing the skeletal remains of these two species have not been established. 
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Indeed, very little information is available concerning the post-crania of the red wolf. The 

only parts of the skeleton that can be separated reliably are some skulls and jaws (Nowak, 

1979). Complete skulls can be separated by multivariate statistical means (Nowak, 1979). 

Unfortunately, very few specimens of this quality are known from archeological or 

paleontological contexts. 

In some cases partial skulls, mandibles and dentitions can be identified. This is the 

case with the one specimen (41229-12042) from the Bear Pit, which has been positively 

identified as C. lupus. This specimen and some other material can be identified because 

some of its measurements lie outside the range of the same measurement in one of the 

two species (Table 41 ). In the case of the Hall's Cave specimen the depth of the mandible, 

width across the canines, and width of the frontal shield all fall outside the range of C. rutus. 

Because of this the specimen can be assigned with confidence to C. lupus. 

The other wolf material cannot be identified to species. Most of it represents either 

C. lupus or C. rufus. A few of the specimens may be C. dirus, but none are diagnostic. 

Measurement C. lupus (m) C. lupus (f) C. rufus (m) C. rufus (f) 41229
(mm) O.R. O.R. O.R. O.R. 12042 

alveolar length P 1-M3 86.7- 104.0 84.7-97.5 83.2-99.5 79.6-93.6 97.5 

depth of mandible 23.0-31 .0 22.5-27.7 19.2-24.9 18.1-25 .2 27.7 

P 4 crown length 13.6-17.0 12.7-16.5 13.2-16.0 12.3-15.4 14.9 

M 1 crown length 26.0-31:5 25 .1-30.0 23 .4-28 .1 22.1-27.1 27.2 

c1-c1 width 40 .2-55.0 39 .3-53.9 35 .7-47.2 33.4-45.0 48 .9 

Width of frontal shield 55 .1-76.9 50.6-73.5 47.2-62.1 42.7-63 .0 z 76.4 

Table 41 -- Comparison of the measurements that can be taken on 41229-12042 with the 
observed ranges of modern samples of C. lupus and C. rufus (measurements and ranges 
are from Nowak, 1979). 

Wolves generally are sparsely represented in the central Texas Quaternary fauna. In 

Late Pleistocene deposits C. cf. lupus has been identified only from Schulze Cave. C. 

rufus also has not been identified definitely from Pleistocene deposits of central Texas. 

One tooth from Miller's Cave, identified as Canis sp. (Patton, 1963), was listed by Nowak 

(1979) as possibly representing C. rufus. In general, the most common wolf in the Late 



376 

Pleistocene of central Texas apparently was C. dirus, and C. lupus I rufus may have been 

significantly less abundant. C. lupus and I or C. rufus also are poorly represented in the 

various Holocene deposits of central Texas. C. lupus has been identified from Bering 

Sinkhole from levels dating from approximately 4000 RCYBP to levels dating less than 

1000 years (Bement, 1991). It also is known from the undated Holocene (probably late 

Holocene, Lundelius, 1992, personal communication) deposits of Don Williams Cave (Hays 

County). One terminal phalanx was recovered from Montell Shelter (Uvalde County); the 

provenience of this specimen is uncertain and it may represent either C. lupus or C. dirus. 

The Hall's Cave wolf occurrences are from two temporal contexts. All of the material 

is either Late Pleistocene or Late Holocene. The reason for the lack of remains in the 

earlier portion of the Holocene at Hall's cave and Bering Sinkhole is not known. This 

pattern probably is simply a chance lack of remains; wolf is not very common at either site. 

However, the absence could also represent a general scarcity of wolves in the central 

Texas in the earliest portion of the Holocene. 

Taphonomically, 41229-12042 is interesting. The associated partial skeleton from 

the bear pit is one of the few Hall's Cave specimens that represents associated material. It 

may be the result either of a wolf dying in the cave or of human activity. The fact that it was 

associated with other large carnivore material and archeological material in the Bear Pit 

suggests that its presence in the pit was due to human agency. It appears that the Late to 

Transitional Archaic people in the area, for some reason, placed large carnivore bones in 

one area of the cave. 

Canis cf. C. dirus 

dire wolf 

Referred material: 41229-3543, It P2, Pit 1C; 180-185 cm; 41229-10802, rt c1 , Pit 1d/E; 

171.5 cm 

The dire wolf is a common Late Pleistocene large canid. In general, it is distinguished 

from other species of Canis by its larger size and more robust build (Kurten and Anderson, 

1980; Nowak, 1979). The two specimens from Hall's Cave are identified as Canis ct. C. 

dirus mainly on the basis of their large size. 
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The right C 1 (41229-10802) has an anterior-posterior diameter of 16.9 mm and a 

lateral-medial diameter of 10.8 mm. The anterior-posterior diameter of the specimen is 

approximately 2 standard deviations larger than the mean for 233 male Canis lupus from 

northern and western North America (mean=14.57 mm, standard deviation 1.21 mm, O.R. 

10.9-17.2 mm) (Nowak, 1979) and is close to the largest C. lupus he measured. However, 

the canine is only slightly more than one standard deviation larger than the mean of the 

mixed sex sample (n=62) from Ranch La Brea (mean= 15.66 mm, standard deviation 1.15 

mm, O.R. 13.5-17.5 mm) (Nowak, 1979). In addition, the Hall's Cave canine is similar in size 

to one in a skull from Ingleside (30967-299) which has diameters of 16.6 (anterior-posterior) 

and 11.6 (lateral-medial) mm (cited in Lundelius, 1972a as 977-4) . 

The left P2 (41229-3543) also is fairly large with a length of 14.7 mm and a wid1h of 

7.1 mm. This is close to the same size as specimens from Ingleside, (30967-400, 15.2 by 

7.2 mm) (Lundelius, 1972a as 977-4) and Friesenhahn Cave (933-1907, 15.6 by 7.2 mm, 

and 933-2, 15.1 by 6.9 mm). The P2 from Hall's Cave is well within the size range of C. 

dirus in both dimensions (Kurten, 1984). In addition, the Hall's cave specimen lacks a 

posterior cusp. This cusp is often present in C. lupus but is usually lacking in C. dirus 

(Nowak, 1979). 

Canis dirus is a relatively common large carnivore in Late Pleistocene deposits of 

central Texas. In addition to Friesenhahn Cave, it is known from Laubach Cave (I) 

(Slaughter, 1966a), Laubach Cave Ill (Lundelius, 1985) Levi Shelter (Zone 1), Clamp Cave 

(Mason County) , Kincaid Shelter, and Scharbauer Ranch (Midland County) (Nowak, 1979). 

Material from Ingleside, Friesenhahn Cave, and Laubach Cave was referred by Kurten 

(1984) to his C. dirus dirus. One possible C. dirus specimen from Montell Shelter was 

noted above. 

The Hall's Cave material is from levels that date to the Latest Pleistocene and earliest 

Holocene. The canine is from a depth of 171 cm (interpolated age, approximately 9750 to 

10,250 RCYBP). This age is at the young end of the range of dates for C. dirus. The 

significance of this age is unknown at present. The premolar is from 180-185 cm 

(interpolated age 10,600 to 11,100 RCYBP). 

Canis dirus is known from a large variety of environments over a large geographic 

area (Kurten, 1984; Nowak, 1979). It also is found in a wide variety of depositional contexts 

including caves, open sites, tarpits, and archeological deposits (Kurten, 1984; Nowak, 
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1979). For this reason no particular environmental or taphonomic significance can be 

discerned based on its presence in the Hall's Cave deposits. 

Genus Vulpes ± Urocyon 

Vulpes vulpes ± Urocyon cinereoargenteus and Vulpes velox 

red fox and possibly gray fox and kit fox 

Material referred to Vulpes vulpes : 41229-10867 rt mandible, middle 1 /3, Pit 1 E; 145-150 
cm 

Material referred to Vulpes or Urocyon : 41229-719 rt dP4, Pit 1; 5-10 cm; 41229-3549 It 

dP4, lateral 1/2, Pit 1C; 210-215 cm; 41229-4511 It 13, Pit 18; 155-160 cm; 41229

5165 It dP4, Pit 1C; 180-185 cm; 41229-5304 di , Pit 1A; 30-35 cm; 41229-9826 It 

metacarpal 5, Pit 1C; 195-200 cm; 41229-10278 rt calcaneum, distal portion, Pit 1C; 

250-255 cm; 41229-10469 mandible, fragment, Pit 1d; 155-160 cm; 41229-12071 

rt mandible, anterior w/ C, P2-4, Pit 1 E; 155-160 cm 

Like other small carnivores, foxes are not very well represented at Hall's Cave. The 

material listed above was identified by comparison with modern specimens of U. 

cinereoargenteus, V. vulpes, and V. velox. Except for the one partial mandible, none of 

the material is complete enough or distinctive enough to allow identification to the level of 

genus. The mandible ( 41229-10867) lacks the prominent notch in the postero-ventral 

portion that would be diagnostic of Urocyon (Fritzell and Haroldson, 1982) and is too large 

to represent Vulpes vetox. 

Both Urocyon and Vulpes are widespread and common in much of North America. 

Urocyon cinereoargenteus is found throughout approximately the southern half of North 

America, through Central America, and into northwestern South America (Fritzell and 

Haroldson, 1982). Vulpes vulpes is found throughout most North America north of Mexico 

and Florida; it is absent from portions of the desert southwest including most of Arizona and 
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southern California (Hall, 1981 ). Vulpes velox is distributed through much of the plains, 

the desert southwest, and the Great Basin (Hall, 1981). All three species occur in Texas 

(Davis, 1978), although only U. cinereoargenteus occurs on the Edwards Plateau in the 

vicinity of Hall's Cave (Butts, 1976). 

Both Urocyon and Vulpes are common members of the Late Quaternary faunas of 

central Texas. Urocyon cinereoargenteus is known from Friesenhahn Cave (17-19,000 

RCYBP), Laubach Ill, Kincaid Shelter, Levi Shelter, the Oblate Site (Comal County) 

(Tunnell, 1962), Don Williams Cave (Hays County) (Vertebrate Paleontology Laboratory 

catalogue), Bonfire Shelter, Cueva Quebrada, Baker Cave, Hinds Cave, Centipede Cave, 

Coontail Spin, Devil's Mouth, Zopilote, and Arenosa Shelter. Vulpes velox is known from 

Zesch Cave, Schulze Cave (unit C), and Centipede Cave. Vulpes vulpes is known from 

Schulze Cave (unit C). Vulpes (not identified to species) is identified from Kincaid Shelter, 

Clamp Cave, and possibly Bering Sinkhole (identified as ?Vulpes) (Bement, 1991). 

Only V. vulpes has been positively identified from Hall's Cave. However, based on 

the modern and fossil occurrences, it seems likely that some of the material which is 

identified as Urocyon or Vulpes represents U. cinereoargenteus. The specimen of latest 

prehistoric age (41229-719) probably represents Urocyon on biogeographic grounds. The 

presence of V. velox is cannot be evaluated. 

Several of the specimens represent juvenile or subadult animals. This raises the 

possibility that foxes were denning in the cave. If this is the case, fox dinners could be a 

source of some of the bone in the cave. Another possible explanation is that the juvenile 

foxes fell prey to larger mammalian carnivores or raptors. 

The stratigraphic distribution of fox remains is not considered to be reliable enough 

to allow any interpretations. At least one type of fox probably was present in central Texas 

throughout the time of Hall's Cave deposition. The stratigraphic placement of the V. vulpes 

mandible also provides no particular information other than the fact that Vulpes was 

present in the area about 8000 RCYBP. 
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Family Ursidae 

Genus Ursus 

Ursus sp. 

bears 

Referred material: 41229-2729, atlas, East of Pit 1; 153 cm; 41229-11029, phalanx 2, Pit 

1d; 85-90 cm; 41229-11754, phalanx 1, Pit 1d; 295-300 cm; 41229-12041, lumbar 

vertebra, Bear Pit: Black Dirt 

Material referred to Ursus americanus : 41229-2731, rt ectocuneiforrn, Pit 1C; 225-230 cm 

The ursid material was identified by comparison with modern skeletal specimens of 

Ursus arctos, Ursus americanus, and in some cases Tremarctos ornatus. Although 

Tremarctos ornatus is not the species found in the Late Pleistocene of North America, it is 

more available than T. floridanus. T. floridanus is larger and more heavily built than T. 

ornatus (Kurten and Anderson, 1980). The ectocuneiform and atlas (the specimens 

compared to all three) matched Ursus spp. more closely than Tremarctos ornatus. Specific 

identification of most isolated Ursus sp. bones is difficult. Gilbert (1990) discusses 

characters for some bones, and Graham (1991) reviews some of the cranial and dental 

characters that have been used, but unfortunately none of the bones and teeth that have 

been studied are those found at Hall's Cave. The phalanges could not be identified to 

species. The ectocuneiform, although quite variable in both species, matches modern U. 

americanus more closely than U. arctos. Two especially useful features are the concavity of 

the proximal articulation (less concave in both 41229-2731 and modern U. americanus, 

than in U. arctos) and the shape of this surface (more triangular in U. arctos) . I could find no 

features on either the atlas or the lumbar vertebra which could be used consistently to 

separate U. americanus from U. arctos. However, the lumbar vertebra was smaller than the 

recent U. americanus in the Vertebrate Paleontology Laboratory collection. In summary, no 

material identifiable as U. arctos has been recovered at Hall's Cave; it is seems likely that 
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only U. americanus may represented. For this reason all of the following discussion is 

based on U. americanus. 

In addition to the material listed above, an U. americanus skull was recovered from 

the cave by T.D. Hall's sons. This skull was what brought the cave to the attention of Dr. 

E.L. Lundelius. The skull is not in the Vertebrate Paleontology Laboratory collection. It 

came from the area of the cave known as the Bear Pit (hence the name). 

Ursus americanus occurs throughout almost all of North America north of central 

Mexico. The only major areas in which it is not found are the arctic coastal regions and parts 

of the Great Basin, Mohave, and Sonoran deserts (Hall, 1981 ). It was present throughout 

most of Texas in historic times (Davis, 1974; Jones, et al., 1988). It may have been absent 

from extreme southern Texas (Jones, et al., 1988; Hall, 1981); however, Davis (1974, p. 

90) reports "recent sightings of black bears in Willacy and Kleburg Counties." 

Black bears live in many types of habitat, although it favors forested or brushy 

habitats and areas with caves or broken terrain (Jones, et al., 1985). Several factors 

contribute to these habitat preferences: diet, defense and denning. Their diet is 

composed of over 75% vegetable matter such as fruit, nuts, berries, and bark (Nowak and 

Paradiso, 1983). In areas where they were sympatric with U. arctos, black bears may have 

avoided open areas which lacked trees into which they could escape (Nowak and Pardiso, 

1983). Common micro-habitats in which U. americanus dens during winter dormancy 

include the following: under fallen trees, in hollow trees and logs, in burrows, under the 

roots of trees, and in caves (Nowak and Paradiso, 1983; Schwartz and Schwartz, 1981). 

The Hall's Cave material comes from two contexts of different ages and potentially 

different taphonomic pathways. The material from the Bear Pit is distinctive from the 

material from Composite Pit I. The material from the Bear Pit is from the black dirt. Although 

this unit has not been radiocarbon dated in the Bear Pit, a Frio point comes from the unit. 

This point style dates from approximately 1800 to 1275 RCYBP (see Age of Deposits, 

above). The Bear Pit ursid material may have entered the cave through human action. The 

concentration of large carnivore bones, a freshwater clam shell, and the point suggests that 

the material may have been intentionally placed in that area of the cave. 

The specimens of Ursus from Composite Pit I come from a variety of levels: 85-90 

cm (4500-4750 RCYBP), 153 cm (=8,000 RCYBP), 225-230 cm (15,000-15,500 RCYBP), 

and 295-300 cm (>20,000 RCYBP). The taphonomy of these specimens probably is very 
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different than those from the Bear Pit. These isolated pieces are more likely the remains of 

animals that died in the cave or materials dragged in by scavengers. The atlas (41229

2729) has fairly extensive rodent gnawing on both the dorsal and ventral surfaces. This 

gnawing indicates that the bone was exposed on the surface for at least a short period 

before burial, and that it probably was moved around before burial, possibly by rodents. 

Ursus spp. remains are fairly common, although not abundant, in the Quaternary 

deposits of central Texas. Most of the material cannot be identified to species or can be 

assigned to U. americanus (Table 42). U. arctos has been identified only from Schulze 

Cave (unit C). This specimen (a partial skeleton) is not identified on the basis of 

morphological characters but rests entirely on the large size of the specimen (Dalquest, et 

al., 1969). The size variation in central Texas Ursus americanus is discussed below; 

however, size probably is not a reliable distinguishing feature for species of Ursus from the 

Late Pleistocene. 

Both Kurten (1963) and Graham (1976, 1991) have noted that the Late Pleistocene 

Ursus americanus from central Texas were notably larger than modern black bears of 

various areas including modem populations of Texas, Florida, Virginia, and northern North 

America. Graham (1976, 1991) further notes that Late Pleistocene, Holocene, and modern 

black bears from Texas form a chronocline of decreasing size. Like central Texas 

specimens from Friesenhahn Cave, Zesch Cave, Saltillo Cave, and Longhorn Caverns 

(Graham, 1991), the Hall's Cave atlas (41229-2729) is large compared to modem 

specimens. Unfortunately, the atlas is not a part of the skeleton that has received much 

attention, so no published measurements are available for comparison with other sites. 

Limited comparison with fossil material from Zesch Cave indicates that the Hall's Cave 

specimen is similar in size to other Late Pleistocene black bears from central Texas (Table 

43) 

The Hall's Cave atlas potentially adds two interesting pieces of information to the 

pattern noted by Graham (1976, 1991). First, it documents that the postcranial skeleton of 

the fossil Texas black bears was larger as well as the skull and dentition. In addition, the fact 

that the Hall's Cave specimen is very similar in size to two specimens from Zesch Cave 

indicates that the early Holocene black bears were more similar in size to those of the Late 

Pleistocene than to those of later Holocene times . Further support for that possibility is the 

fact that the Hall's Cave atlas fits fairly well on the large Friesenhahn Cave skull (933-3441) 
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but is much too large for the Don Williams Cave skull (41284-60) . These conclusions are 

tentative because the range of variation of Ursus atlases is not known and the single Hall's 

Cave specimen could be an unusually large individual in a population of relatively small 

bears. 

Ste Ursus K:lentmed tw Reference 

Bering Sink Ursus americanus 2.2-2.5 &6-6.5 k Bement , 1991 

Cave Without A Name Ursus americanus Late Pleistocene Lundelius , 1967 

Clamp Cave Ursus americanus Holocene Lundelius , 1967 

Don Williams Cave Ursus americanus Holocene Graham, 1976 

Friesenhahn Cave Ursus americanus 17-19 kRCYBP Graham, 1976 

Longhorn Cavern Ursus americanus Late Pleistocene Semken, 1961 

McMin Cave Ursus americanus Holocene Graham, 1976 

Miller's Cave Ursus americanus Late Pleistocene Patton, 1963 

Saltillo Cave Ursus americanus Late Pleistocene Kurten , 1963 

Schulze Cave Ursus americanus Late Pleistocene Dalquest and others , 
Ursus arctos 1969 

Zesch Cave Ursus americanus Late Pleistocene Lundelius , 1967 
Table 42 -- Some of the latest Pleistocene and Holocene sites which contain Ursus. 

All specific designations are those of the original author. 
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Specimen# Taxa Sex/ Loe. w. Ant. w. Post . Ant. h. Post. h. 

~ ArtiQ, Art~. ~. Q, ~ Q 

MODERN 
ISM 684029 U. americanus M / A Wi 66 51 35 34 

ISM 684296 U. americanus M / J MN 58 49 32 35 
ISM 684297 U. americanus M / J MN 55 49 33 34 

ISM 684298 U. americanus ? ! A MN 56 46 29 31 

CMNH 17586 U. americanus F/A Zoo 53 50 34 34 

CMNH 17587 U. americanus M / J Zoo 56 50 31 36 

CMNH 17588 U. americanus ? ! A Zoo 52 45 27 31 

CMNH 17589 U. americanus M / J Zoo 58 50 30 33 
CMNH 17590 U. americanus M / A Zoo 60 56 36 38 
CMNH 17595 U. americanus M/A Zoo 58 49 29 30 

TMM M-137 U. americanus ? I A unknown 63 53 32 34 

TMM M-3773 U. arctos ? IS W{ 65 57 32 34 

FOSSIL 
41229-2729 ? ? I A 70 57 38 40 

40685-41 U. americanus ? I A TX 68 56 36 38 

40685-42 U. americanus ? I A TX na 59 na 40 

1295-116 U. americanus ? I A TX 67 57 33 39 

Table 43 - Measurements (in mm) on modern and fossil Ursus spp. atlases. The 
measurements are the widths of the anterior and posterior articulations and the anterior and 
posterior heights of the neural canal. 

The reason for the size reduction among central Texas black bears over the past 

10,000 years is not well understood. McNab ( 1971) suggested that prey size controlled 

the size of many carnivores. This would suggest that a change in prey or a downsizing of 

prey species would lead to a change in bear size. However, Graham (1976, 1991) noted 

that prey size probably has little effect on omnivores such as U. americanus. He suggested 

that environmental factors, especially vegetation quality and length of dormancy period 

probably were more important in determining black bear size. A change from a less 

seasonal Late Pleistocene climate to a more highly seasonal post Pleistocene climate may 

have led to a reduction in bear size. The size reduction could be due either to longer 

dormancy or to poorer vegetation quality in a more seasonal regime (Graham, 1976, 1991 ). 

Comparison of climate model results and the Ursus americanus chronocline exposes 

an important disagreement. The presence of a Late Pleistocene sized black bear in an 
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early Holocene context at Hall's Cave is inconsistent with either the reconstructions based 

on global climate models or the idea that increase temperature seasonality resulted in the 

reduction of bear size. Model results indicate that temperature seasonality in the south

central region of North America was greater at 9k than either between 18-12k or after 6k 

(Kutzbach, 1987). In spite of this, the 8000 RCYBP Hall's Cave specimen was as large as 

the Late Pleistocene bears. Either the model is incorrect or the Ursus americanus size 

reduction was due to something other than simply increased temperature seasonality. 

A possible alternative explanation for the size reduction of bears is that it is due to 

moisture reduction. Decreased moisture might act to reduce vegetation quality, which 

could have reduced their ability to reach their maximum genetic size potential (compare to 

Guthrie, 1984, on Alaskan megafaunal size change). 

Family Procyonidae 

Genus Bassariscus 

Bassariscus astutus (Lichtenstein) 

ringtail 

Material referred to Bassariscus astutus : 41229-12030, It mandible, middle 1/3, Pit 1d/E; 

180-185 cm 

Material referred to ?Bassariscus astutus: 41229-9334, coprolite, Surface of Cave Floor 

Bassariscus remains occur at Halls Cave in two very different contexts: the modem 

cave fill surface, and within Late Pleistocene sediments. The surface material from Hall's 

Cave which is attributed to Bassariscus is a pile of scat that was found on the cave floor 

during one of the trips of the cave. This pile of scat consists of tour pieces which vary in 

length from 2 to 4 cm and in diameter from 0.5 to 1.5 cm. The scat contains mainly insect 

remains. The material agrees well with the description of B. astutus scat from Murie (1954). 

The Late Pleistocene specimen is a portion of an edentulous left mandible. It is referred to 

Bassariscus astutus on the basis of its size, the shape of the alveoli of M2, and based on 
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the presence of a well developed triangular shelf on the medial surface of the coronoid 

process. This triangular shelf is the most anterior and ventral portion of the insertion of the 

temporalis muscle. 

The geographic range of 8. astutus extends from south-central Mexico north to 

Kansas, Colorado, Wyoming, Utah, and Oregon and from Louisiana and Arkansas to the 

Pacific Ocean (Polayen-Neuman and Toweill, 1988). It is quite common in the modern 

fauna of the Edwards Plateau, and one was sighted in the cave during the course of work. 

Ringtails inhabit a wide variety of habitats, including chaparrals, woodlands, deserts, and dry 

tropical habitats (Polayen-Neuman and Toweill, 1988). Rocky crevices, talus piles, caves, 

and canyons often are important in their habitats (Polayen-Neuman and Toweill, 1988; 

Davis, 1974). Like their relative, the raccoon, they are omnivorous, with wide dietary 

preferences (Polayen-Neuman and Toweill , 1988). 

The Pleistocene specimen from Hall's Cave is from a level dating between 

approximately 10,600 and 11, 100 RCYBP. Other central Texas Late Pleistocene contexts 

in which 8. astutus has been found are Longhorn Cavern (red clay) , Cueva Quebrada, and 

the Richard Beene Site ( 41 BX831) (Baker and Steele, 1992). It also has been found in 

several Holocene contexts including the Barton Road Site (Lundelius, 1967) and 

numerous Val Verde County archeological sites (Lord, 1984; Graham, 1986). 

The Late Quaternary biogeography of 8. astutus in central Texas has been of 

considerable interest. As noted above, it is known from various central Texas sites. 

However, it is not particularly numerous or common, especially considering their preference 

for caves and rocky talus piles. This relative paucity of 8. astutus on the Edwards Plateau 

in both Late Pleistocene and Holocene contexts was first noted by Dalquest and others 

(1969) . 

The reason for the apparent rarity of ringtails in deposits on the Edwards Plateau is 

difficult to assess. At this time we cannot even be sure that they were present on the 

plateau throughout the Holocene, and it does not seem to have been common at any time . 

It is possible that sampling is the reason for the absence. However, the propensity of 

8assariscus for caves and rocky habitats makes it seem unlikely that they would be absent 

from the many cave deposits if they had been present on the plateau at all. The alternative, 

that 8assariscus was rare or absent on the plateau until the last 1000 years, also would be 

hard to explain. The apparently coincident entry of several other taxa of Tamaulipan and 



387 

Chihuahuan affinities, including Dasypus novemcinctus, Tayassu tajacu, Spermophilus 

variegatus, and possibly Tadarida brasiliensis, onto the Edwards Plateau during the last 

1000 years suggests that the rarity ot ringtails before that time may be real. The reason for 

this rarity is not clear. 

Genus Procyon 

Procyon lotor {Linnaeus) 

raccoon 

Referred material: 41229-510, rt M1. Bear Pit; Black Dirt; 41229-874, rt M2, Pit 1; 115-120 

cm; 41229-1345, ltfemur, Pit 1C; 0-5 cm; 41229-2616, dP4, Pit 1C; 100-105 cm; 

41229-3710, metacarpal 4, Pit 1; 80-85 cm; 41229-3767, rt p4, Pit 1 C; 20-25 cm; 

41229-5303, dP, Pit 1A; 30-35 cm; 41229-5914 rt dP4, Pit 1A; 50-55 cm; 41229

6530, rt M 1. posterior 1/2, Pit 1 B; 120-125 cm; 41229-9935 rt dP4, Pit 1 A; 110-115 

cm; 41229-9997 It C1. Pit 1A; 45-50 cm; 41229-10730, terminal phalanx, Pit 1C; 60

65 cm; 

Material referred to ?Procyon lotor: 41229-9954, rt P1. Pit 1 A; 110-115 cm; 

The Procyon lotor material was based on comparison with recent central Texas 

specimens. All of the material agrees well with P. lotor. Unfortunately, no mandibles, 

relatively complete canines, or M1's have been recovered from Hall's Cave. These portions 

are the ones which Wright and Lundelius {1963) found to be useful in distinguishing the 

extralimital subspecies P. I. simus from modern Texas P. I. fuscipes. The Hall's Cave lower 

canine { 41229-9997) is too fragmentary to evaluate either size or the presence of a antero

lateral wear facet. Thus, the Hall's Cave material can only be identified as P. lotor. 

Procyon lotor is of limited utility in determining past environments because it inhabits 

a very wide range of habitats and will eat a wide variety of foods {Lotze and Anderson, 

1979). Their geographic range extends from the Atlantic to the Pacific and from central 

Canada south to Panama {Hall, 1981). In the United States they are absent only from 
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portions of the intermontane west (Hall, 1981; Zeveloff, 1988). Man is their most 

important predator: however, they are also eaten by Canis latrans, Lynx rufus, Vulpes 

vulpes, and owls (Lotze and Anderson, 1979). 

Raccoons are found fairly commonly in the Late Quaternary deposits of central Texas 

(Wright and Lundelius, 1963: Graham, 1987). Late Pleistocene occurrences include Cave 

Without A Name, Laubach Cave, and possibly Friesenhahn Cave. Holocene occurrences 

include Hinds Cave and numerous other Val Verde County Sites, Wunderlich (Wright and 

Lundelius, 1963), the Barton Road Site, the Manton Miller Site (Vertebrate Paleontology 

Laboratory catalogue), the Kyle Site (Lundelius, 1967), and many other archeological sites. 

These remains indicate that raccoons have inhabited central Texas continuously since prior 

to the last glacial maximum. 

At Hall's Cave remains of Procyon lotor are known only from levels dating less than 

approximately 6500 RCYBP. At least two factors, both taphonomic, probably contribute to 

this distribution. The first is that taphonomic sampling of medium-sized mammals (both 

depositional and investigative) is not very effective at Hall's Cave. The medium-sized 

mammals have received relatively less study than small and large taxa, because most are 

less informative from a paleoenvironmental standpoint . The second is that at about the 

time P. lotor shows up in the deposit, one of the possible agents of accumulation may have 

assumed more importance. At about 6000 RCYBP, based on the artifacts found and the 

presence of small hearths, humans probably became more important in the taphonomy of 

the cave. P. lotor remains are very common in archeological contexts in Texas (Wright and 

Lundelius, 1963). The human utilization of the cave and the area surrounding it may have 

led to an increase in the raccoon sedimentation rate. 

Family Mustelidae 

Genus Mustela 

Mustela frenata Lichtenstein ± M. erminea Linneaus 

long-tailed weasel ±ermine 

Material referred to Mustela cf. frenata: 41229-10358, It M1, Pit 1; 125-130 cm 
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Material referred to M. frenata or M. erminea: 41229-3015, It M1, Pit 1C; 195-200 cm; 

41229-5104, rt C1, Pit 1C; 210-215 cm; 41229-10262, It C1, Pit 1C; 240-245 cm 

The identification of the Mustela specimens is based on comparison with recent 

material of M. erminea, M. frenata, M. nivalis, and M. vison. The Hall's cave specimens 

could easily be assigned to the genus based on these comparisons. The material from the 

cave was too small to be M. vison and too large to be M. nivalis. The separation of M. 

frenata and M. erminea based on the material recovered at Hall's Cave would be difficult or 

impossible. The main difference between them is size, but this difference is not 

straightforward. These two species of mustelid, like many others, exhibit pronounced 

sexual dimorphism, which results in almost complete overlap between female M. frenata 

and male M. erminea in many size characters (Hall, 1951; also Figure 80). 

The two canines (41229-5104, -10262) were compared to the modern specimens in 

the Vertebrate Paleontology Lab collection. The Hall's Cave specimens matched modern 

M. erminea and M. frenata well in morphology. The Hall's Cave canines are slightly larger 

than most of the M. erminea specimens (M-371 , M-2686, M-4998); however they are 

approximately the same size as two male ermines (M-2141 and M2751). They also matched 

both M. frenata specimens in the collection (M-1751 and M-1918). The canines probably 

belong either to male M. erminea or to M. frenata of either sex. 

The size of the left M 1 ( 41229-3015) is such that it could not be separated from 

those of either M. erminea or M. frenata (Figure 80). It could reasonably have come from a 

female M. frenata, a male M. erminea, or a fairly small male M. frenata. 

The lower M 1 ( 41229-10358) is identified on the basis of two factors. The length of 

the tooth is 5.34 mm. This is within the observed range of both sexes of M. frenata and of 

male M. erminea (Table 44). The stratigraphic position of the specimen, from a depth of 

125-130 cm (approximately 6400 to 6600 RCYBP), suggests that M. erminea is an unlikely 

candidate. This level is significantly above the levels in which distant extralimital taxa have 

been recovered. However, this is not a distinguishing morphological character. For this 

reason I have chosen to identify the 41229-10358 as M. cf. M. frenata. 
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Figure 80 -- Bivariate plot of length vs. lingual width of the M 1 of both male and female 
modern M. frenata and M. erminea as well as Hall's Cave specimen ( 41229-3015). The 
data on modern Mustela are from Hall ( 1951); it includes plots of measurements of 
individual specimens and extremes and means of modern populations. The entire 
geographic range of M. frenata is represented including both North and South America. 
The M. erminea data includes only North American ermines. 

T<Nl 
M. frenata 
M. frenata 

Ses 
Male 
Female 

M1 length (mm) 

(observed range) 
4.9-7.1 
4.4-6.6 

M. erminea 
M. erminea 

Male 
Female 

3.9-6 .0 
3.3-5.0 

M. nivalis 
M. nivalis 

Male 
Female 

3.3-4.2 
3 .1-3.8 

Table 44 -- The observed range of the length of the lower first molar of three species of 
North American weasels (data from Hall, 1951). 

The small species of Mustela are distributed throughout most of North and Central 

America and parts of South America. M. frenata is the most widely distributed of the 
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weasels in the western hemisphere. It occurs from the southern portion of Canada south to 

northern South America (Hall, 1951 ); however, it is not found in the drier desert areas of the 

United States and Mexico. This may be due to the lack of water to drink (Hall, 1951 ). Its 

range includes much or all of Texas. Davis (1974) indicates that it occurs throughout the 

southern portion of the state but is absent from the Panhandle and north-central Texas. 

However, Hall (1981) includes all of Texas in its range. Davis (1974) specifically indicates a 

verified record from Kerr County. 

The Hall's Cave specimens are from both late Pleistocene and middle Holocene 

contexts. As noted above, the M 1 identified as M. cf. M. frenata (41229-1 0358) is from a 

level dating to between 6400 and 6600 RCYBP (125-130 cm). The three specimens 

identified as either long-tailed weasel or ermine are all from Late Pleistocene levels. The 

levels in which they were found are 195-200 cm (12,000 to 12,500 RCYBP), 210-215 cm 

(13,500 to 14,000 RCYBP), and 240-245 cm (16,500 to 17,000 RCYBP) . The general 

paucity of small carnivore remains does not allow interpretation of the stratigraphic 

distribution. M. frenata was probably present during at least a portion of the Holocene and 

possibly also in the Late Pleistocene. 

Several species of weasel have been recovered from other Late Pleistocene and 

Holocene contexts in central Texas. M. trenata and M. erminea were identified from 

Schulze Cave. Both were recovered from the Late Pleistocene units, and M. frenata also 

was recovered from the late Holocene unit. Raun and Eck (1967) report M. cf. M. frenata 

from Coontail Spin. The site spans much of the Holocene; however, they do not indicate 

what material was recovered, or from what context it came. I have been unable to locate the 

specimen to verify the identification or to determine its context. One M. frenata mandible 

was recovered at Bering Sinkhole from a level dated to about 3000 RCYBP. The Cave 

Without A Name deposit has yielded the mandible of a small weasel (40450-85), identified 

by Lunde Iius (1967) identified as M. erminea. The M 1 from this mandible is 3.41 mm long. 

If it is a M. erminea, it was a very small female ermine (Table 44). The mandible also is within 

the size range of both sexes of M. nivalis (Table 44). The Cave Without A Name specimen 

is probably best regarded as representing either M. erminea or M. nivalis. 
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Genus Spilogale 

Spilogale sp. 

spotted skunks 

Referred material: 41229-725, rt mandible, middle w/ P4-M1 . Pit 1A; 165-170 cm; 41229

1021, rt mandible, posterior, Pit 1 A; 165-170 cm; 41229-1365, It mandible, w/ P 4

M 1 , Pit 1 C; 220-225 cm; 41229-1442, rt M 1. w/ mandible frag, Pit 1 C; 205-21 ocm; 

41229-1782, It humerus, Pit 1C; 215-220 cm; 41229-1783, It p4, Pit 1C; 215-220 

cm; 41229-3455, It mandible, frag w/ P4-M1. Pit 1C; 230-235 cm; 41229-3744, It 

mandible, middle 1/2, Pit 1C; 185-190 cm; 41229-3770, rt p4, Pit 18; 205-210 cm; 

41229-11183, rt mandible, anterior w/ P3, Pit 1d/E; 215-220 cm; 41229-11197, rt 

maxilla, w/ p4, Pit 1 d/E; 205-21 O cm; 41229-11220, rt M 1, Pit 1 d/E; 205-21 ocm; 

41229-12040 It C1 . Pit 1d; 130-135 cm 

Material referred to ?Spilogale: 41229-10033, rt M1, frag, Pit 1; 30-35 cm; 41229-10033, 

It c1, Pit 1d/E; 205-210 cm; 

The material identified as Spilogale was identified by comparison with modern s. 
putorius and S. gracilis as well as modem Mephitis and Conepatus. The mandibular 

material also was compared to Brachypotoma material from Brynjulfson Cave 1 (ISM 

Vertebrate Paleontology 492819) . The Spilogale material could be separated from the 

other extant mephitine material on the basis of its smaller size. Brachypotoma, although 

similar in size to Spilogale, has a much more massive mandible and teeth. All of the Hall's 

Cave small mephitine material compares well with the modem Spilogale. Unfortunately, I 

have not been able to distinguish the Hall's Cave material from either of the two closely 

related living species, S. putorius (eastern spotted skunk) and S. gracilis (western spotted 

skunk) . 

Spilogale is distributed throughout much of much of the United States, Mexico, and 

Central America south to Costa Rica (Hall, 1981 ). In the United States its distribution is 

puzzling. West of the Mississippi river it is known north to Minnesota, southern Montana, 

and British Columbia; in the east it is known only from Mississippi north to southern Indiana, 
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east to southern Pennsylvania, and south to Florida. It is known from almost all of Texas 

including the central Texas area (Davis, 1974). Spotted skunks are found in a wide range of 

environments, including brushy, rocky, and wooded habitats ; however, they generally do 

not inhabit wetlands or dense forests (Nowak and Paradiso, 1983). 

S. putorius frequently is preyed upon by Bubo virginiana (Jones, et al., 1985). This 

probably is also the case with S. gracilis. Canids also have been known to prey on spotted 

skunks (Schmidly, 1983). The material at Hall's Cave may have entered the deposit in owl 

pellets and canid scat, or Spilogale may have denned on the rocky talus pile at the 

entrance. 

Spilogale is found in both Pleistocene and Holocene sediments at Hall's Cave. It is 

consistently present in sediments between 205 cm (approximately 13,000 RCYBP) and 

235 cm ( 16,000 RCYBP). They are also found in levels 185-190 cm ( 11,100 to 11,600 

RCYBP), 165-170 cm (9200 to 9600 RCYBP), 130-135 cm (6600 to 6900 RCYBP), and 

30-35 cm (1800 to 2000 RCYBP). I cannot explain why spotted skunk remains are more 

common in the Pleistocene levels than in the Holocene levels. All small carnivore remains 

have fairly spotty representation in the deposit; in addition, they have not been a cataloging 

priority. These reasons, coupled with the wide environmental tolerances of Spilogale, 

make it difficult for me to believe that the stratigraphic distribution accurately indicates that it 

was absent for large portions of the Holocene. 

Spotted skunks are relatively common in central Texas Late Quaternary 

paleontological and archeological faunas. Among the Late Pleistocene deposits in which it 

is found are Schulze Cave, Cueva Quebrada, Miller's Cave, Friesenhahn Cave (possibly), 

Cave Without A Name, Laubach Ill, the Avenue Site, Levi Shelter , and Hinds Cave. 

Interestingly, Spi/ogale is not known from the late Holocene unit at Schulze Cave; 

although, it is fairly common in the Late Pleistocene sediments. Holocene finds include 

Montell Shelter, Baker Cave (Word and Douglas, 1970), Hinds Cave (Lord, 1984), Damp 

Cave, Zopilote, Coontail Spin, Arenosa Rockshelter, Seminole Canyon Cave, and 

Centipede Cave. 

The Hall's Cave and other central Texas records indicate that spotted skunks 

probably were present in the area throughout the Holocene. However, the Schulze Cave 

and Hall's Cave records hint at the possibility that it may have decreased in abundance in 
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the Holocene. If this is the case, the reason is unknown. The presence of Spilogale has no 

particular environmental or taphonomic significance. 

Genus Mephitis 

Mephitis mephitis (Schreber) or Mephitis macroura Lichtenstein 

striped skunk or hooded skunk 

Referred material: 41229-3529, rt M1, Pit 1C; 190-195 cm; 41229-3736, rt mandible, 

anterior 1/4 w/ C-P2, Pit 1C; 245-250 cm; 41229-11219, It p4, Pit 1d/E; 205-210 

cm; 41229-12028, rt maxilla, anterior, Pit 1d/E; 180-185 cm; 41229-12029, rt 

mandible, frag, Pit 1d/E; 180-185 cm; 

Material referred to Mustelidae cf. Mephitis : 41229-10472, It M1. Pit 1 d: 155-160 cm 

Material referred to ?Mephitis: 41229-10602, It mandible, frag, Pit 1 B; 170-175 cm 

The material identified as Mephitis sp. was identified based on comparison with 

modern Mephitis mephitis , Conepatus mesoleucus, and Spilogale putorius skeletal 

material. The material is generally slightly smaller and less massive than the comparable 

portions of Conepatus, and noticeably larger than Spilogale. M. mephitis and M. macroura 

can be distinguished by the more inflated auditory bulla of M. macroura (Hall, 1981). The 

fact that this element is not among the material identified from Hall's Cave and the lack of 

modern comparative material of Mephitis macroura prevents comparison with this species. 

For this reason I cannot specifically identify the Mephitis material. 

M. mephitis is distributed throughout most of North America from central Canada to 

north-central Mexico (Hall, 1981). It occurs in woods, grasslands, and deserts (Nowak and 

Pardiso, 1983). M. macroura occurs from Trans-Pecos Texas, southern New Mexico, and 

central Arizona south to Nicaragua (Hall, 1981). In Trans-Pecos Texas it occurs in rocky 

canyons and along vegetated wash and valley walls (Schmidly, 1977). 

Mephitis is fairly common in deposits in central Texas. Late Pleistocene contexts in 

which it is found include Friesenhahn Cave, Cueva Quebrada, Cave Without A Name, 
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Miller's Cave and Schulze Cave (all identified as M. mephitis). Some of the Holocene 

contexts from which it has been recovered include Hinds Cave, Schulze Cave, Damp Cave 

(all identified as M. mephitis), and Eagle Cave (identified as Mephitis sp.). At Hall's Cave 

Mephitis has only been recovered from Late Pleistocene and early Holocene contexts. 

However, this is thought to be a result of taphonomy and cataloging biases. They probably 

were in the area throughout the Holocene. The presence of a molar fragment (41229

10034) which can only be identified as Conepatus or Mephitis may support this 

interpretation. 

The fact that Mephitis sp. (or M. mephitis based on other sites) has been present in 

central Texas for the last 20,000 years, coupled with their wide environmental tolerances, 

means that they contribute little to the environmental reconstruction. 

Genus Conepatus 

Conepatus mesoleucus (Lichtenstein) or Conepatus leuconatus (Lichtenstein) 

hog-nosed skunk or eastern hog-nosed skunk 

Referred material: 41229-524, cranium, Pit 1 A; 5-1 O cm 

The Conepatus cranium was compared to recent specimens of both Mephitis 

mephitis and Spilogale putorius, as well as to Conepatus mesoleucus. The Hall's Cave 

specimen was significantly larger than Spilogale and within the size range of both Mephitis 

and Conepatus. Several differences are evident between the crania of these two taxa. 

The sagittal crest of Mephitis is a single midline ridge; Conepatus, on the other hand, has 

paired sagittal ridges, one on either side of the midline. In posterior view the skull of 

Conepatus is more domed than that of Mephitis. In addition, there are important 

differences in the pattern of foramina in the region of the auditory bullae. The Hall's Cave 

specimen ( 41229-524) matches Conepatus in all characters. 

Two species of Conepatus occur north of central Mexico: C. mesoleucus and C. 

leuconatus. The range of C. leuconatus extends from south Texas (south of a line from 

Laredo to Rockport) along the eastern shore of Mexico south to Veracruz (Hall, 1981 ). C. 
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mesoleucus has a much wider range, from extreme eastern Texas, across north-central 

and west Texas, through much of central New Mexico and southern Colorado, west into 

west-central Arizona; the range then extends south throughout most of Mexico (except the 

eastern range of C. mesoleucus) into Nicaragua (Hall, 1981). C. leuconatus is found in 

central Texas (Jones, et al., 1988) and has been observed around Hall's Cave and on the 

cave's talus cone. 

Based on the geographic ranges C. leuconatus is a more likely identification for the 

Hall's Cave specimen. However, I am unable to find morphological features on the cranium 

which will distinguish the two species. For this reason I am unwilling to identify the 

specimen beyond the generic level. 

Conepatus is found in a variety of habitats. However, it apparently prefers rocky 

areas and semi-open woods and brushy areas (Davis, 1974). It is rarer in heavily timbered 

areas (Davis, 1974). It eats a wide variety of insects, vegetable matter, spiders, snails and 

vertebrates (Schmidly, 1983). 

The Hall's Cave specimen is extensively rodent gnawed along all edges of the 

cranium. The cranium may have been brought in by a carnivore, been dragged in by 

rodents or been part of an individual that died in or around the cave. 

Conepatus is not common in Late Quaternary deposits in central Texas, but it does 

occur in some sites. In the Late Pleistocene, it is known only from Schulze Cave. 

Holocene occurrences include Centipede Cave, Baker Cave (Word and Douglas, 1970), 

the Kyle Site (Lundelius, 1967), and Bering Sinkhole. 

The Hall's Cave specimen came from a level that dates to between approximately 

600 and 900 RCYBP. The spotty nature of the carnivore record at Hall's Cave coupled with 

the geographically and temporally scattered occurrences in other central Texas deposits 

suggests no particular pattern of presence and absence on the Edwards Plateau. 

Conepatus may have occurred in the area throughout at least the last 10,000 years. No 

specific environmental or climatic significance is attached to its presence at Hall's Cave or in 

central Texas. 
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Famlly Felidae 

Genus Fe/is 

Fe/is concolor Linnaeus 

mountain lion 

Referred material: 41229-494, terminal phalanx, Bear Pit; Black Dirt; 41229-495, phalanx, 

Bear Pit; Black Dirt; 41229-10800, first thoracic vertebra, Pit 1 E; 5-10 cm; 41229

11704, rt 13, Pit 1; 95-100 cm: 

Material referred to Fe/is concolor or Panthera sp.: 41229-10420, ungual phalanx, Pit 1C; 

185-190 cm: 41229-10805, phalanx 1, Pit 1d/E; 175-180 cm: 41229-10806, 

phalanx 2, Pit 1d/E; 175-180 cm: 41229-10866, phalanx 2, Pit 1d/E: 168 cm; 

The identification of the mountain lion material was based on comparison with recent 

F. concolor, Lynx. rufus, Panthera tigris and Panthera leo specimens, and with 

Pleistocene P. onca material from Laubach Cave. The material agrees well with F. 

concolor. Some of the felid material from Late Pleistocene and Early Holocene contexts 

may also belong to F. concolor, however, it could not be referred confidently to either Fe/is 

or Panthera. This material has been referred to "Fe/is concolor or Panthera sp." This 

material is discussed below under Panthera. 

Prior to human intervention F. concolor probably had the largest natural distribution 

of any mammal in the Western Hemisphere except Homo sapiens (Nowak and Paradiso, 

1985). It is known to have ranged (protohistorically and historically) from the southern 

Yukon (Hall, 1981) to southern Argentina (Currier, 1983) and from the Atlantic to the Pacific 

in both North and South America (Currier, 1983). Its geographic range is matched by the 

diversity of the habitats they utilize: forests of all types (including tropical lowland), 

grasslands, semi-deserts, deserts, and swamps (Currier, 1983; Nowak and Paradiso, 

1983). Its diet includes all types of vertebrates, ranging from fish, lizards, and birds to 

mammals from Peromyscus to Cervus elephas (Currier, 1983). 
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Fe/is concolor is known from relatively few fossil sites in Texas. Late Pleistocene 

occurrences are limited to Schulze Cave, Upper Sloth Cave (Culberson County) (Logan 

and Black, 1979), Williams Cave (Culberson County) (Harris, 1980), and High Island (TMM 

41070). Holocene occurrences include Levi Shelter, Hinds Cave , Kincaid Shelter, and 

the T.M. Sanders Site (41LR2). Its relatively limited occurrence in Texas deposits is 

especially interesting considering that it is known to use caves as temporary shelters 

(Nowak and Paradiso, 1985), and that many of the Quaternary find of F. concolor remains 

are from caves (Kurten and Anderson, 1980). 

At Hall's Cave identifiable F. concolor remains occur in levels dating from 

approximately 5000 and 750 RCYBP. The rarity of large carnivore remains at the cave 

means that this distribution is not at all representative of the times during which they may 

have been present. It also may be represented in the latest Pleistocene and earliest 

Holocene levels (the material identified as Fe/is concoloror Panthera) . The presence of 

mountain lions provides no environmental information. Their feeding may have contributed 

remains to the deposit. 

Fe/is yagouaroundi Geoffroy or F. wiedii Schinz 

jaguarundi or margay 

Referred material: 41229-3539, rt dP4, Pit 1C; 175-180 cm 

The referred tooth is a complete deciduous premolar from a small felid. Identification 

was accomplished through comparison with recent specimens of juveniles of various felid 

species. The tooth is larger than dP4's found in Fe/is catus and significantly smaller than 

those of Lynx rutus and F. pardalis. The size of the tooth agrees well with those of a small 

series of both F. yagouaroundi and F. wiedii in the collections of the USNM. 

Unfortunately, I have been unable to find any characters which will separate the dP4's of 

these two species. An additional complication is that the juveniles of the two species are 

easily confused, and it is possible the recent material has not been correctly identified 

(Seymour, 1990; personal communication) . The Hall's Cave specimen (41229-3539) can 
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be confidently identified as either F. yagouaroundi or F. wiedii, but cannot be assigned to 

only one of the two species. 

The premolar has complete roots with no evidence of re-absorption. This indicates 

that the tooth was not shed; instead, the kitten died before it had acquired an adult 

dentition. The tooth may have come from a young kitten that died while its family was 

denning in the cave, or the kitten may have fallen prey to a carnivore which deposited the 

tooth in the cave. The lack of other identifiable small cat material suggests that the second 

possibility is more likely. 

Kerr County is outside the modern range of both of these small cats. Both are found 

throughout much of northern South America (Emmons, 1990), all of Central America, north 

through Mexico along both coasts, and into extreme southern Texas (Hall, 1981). F. 

yagouaroundi has been recorded only from Cameron, Hidalgo, Starr, and Willacy Counties 

(Jones, et al., 1988). F. weidii has been recorded only from Maverick County (Jones, et 

al., 1988). The nearest accepted occurrences to Hall's Cave are approximately 190 km 

southwest in the case of F. weidii and 400 km southeast in the case of F. yagouaroundi . 

Although their ranges are largely coincident, the habitat preferences of margay and 

jaguarundi are fairly different. Margays are largely arboreal and live mainly in forested 

habitats (Nowak and Paradiso, 1983). They are found in both evergreen and deciduous 

forests (Emmons, 1990). Jaguarundis are found in lowland forests, dense thickets, and 

shrub (Emmons, 1990). It is likely that dense vegetation is required for the presence of 

either species. Based on the general habitat reconstructed from other taxa, F. 

yagouaroundi seems to be more likely in the Hall's Cave fauna. 

Neither of these taxa are common in Late Quaternary deposits in Texas. Anderson 

(1984) lists only three sites which contain either of them. F. yagouaroundi was recovered 

from unit C of Schulze Cave (Dalquest, et al., 1969) and from San Josecito Cave, Nuevo 

Leon (Kurten and Anderson, 1980). F. wiedii is known from an archeological site along the 

Sabine River, Orange County (Eddleman and Akersten, 1966). This site is associated with 

a date of 4400 ± 300 RCYBP. The Hall's Cave specimen comes from level 175-180 cm, 

which dates between 10,100 and 10,800 RCYBP . 

The presence of either margay or jaguarundi is significant. It indicates the presence 

of some dense vegetation, probably thicket or forest, in the vicinity of the cave. These 

probably represent riparian woods or thickets along the Guadalupe River. The climatic 
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significance of either small cat is somewhat difficult to evaluate. Available data are 

insufficient for a climatic tolerance analysis of the sort described in Climatic Tolerance 

Analysis, above. However, the mean winter (January) temperature of Brownsville (at the 

north end of the F. yagouaroundi range) is 16.3°C and that of Laredo (at the north end of 

the F. wiedii range) is 14.3°C. Both of these are quite a bit warmer than the Kerrville mean 

January temperature of 7.6°C. Thus the presence of either small cat strongly suggests that 

winter temperature conditions approximately 10,500 RCYBP were milder than modern 

conditions. No particular moisture information has been hypothesized based on the 

presence of either small cat. 

Genus Lynx 

Lynx rufus (Schreber) 

bobcat 

Referred material: 41229-2788, ectocuneiform, Pit 1; 90-95 cm; 41229-6284, It P3, frag, 

Pit 1A; 100-105 cm; 41229-6355, metapodial, distal epiphysis, Pit 1B; 95-100 cm; 

41229-6356, rtdP4, Pit 1B;95-100cm; 41229-9952, ltdP4, Pit 1A; 110-115cm; 

41229-9952, It dC1 , Pit 1A; 110-115 cm; 12039 It dP3, Pit 1d; 130-135 cm 

The referred material was identified by comparison to modern Lynx rufus skeletal 

specimens from Texas. The material agreed in all details with the recent material, including 

size . 

The presence of bobcat at Hall's Cave is not surprising. It is a member of the modem 

fauna in the area and is found throughout both Texas (Jones et al., 1988) and the United 

States (Hall, 1981 ). During my work at the cave I saw one at the nearby Kerr Wildlife 

Management Area. It inhabits a wide variety of habitats, including forests, semi-deserts, 

brushland, and rocky areas (Nowak and Paradiso, 1985; Davis, 1974). It eats a wide variety 

of small to medium sized mammals, and birds (Nowak and Paradiso, 1985). Woodrats, 

ground squirrels, mice and rabbits are common prey in Texas (Davis, 1978). 
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Lynx rufus is moderately rare in Late Quaternary deposits in central Texas. It is 

known from such sites as Schulze Cave (Layer C), Friesenhahn Cave (17-19,000 RCYBP 

level), Fowlkes Cave (Late Pleistocene) (Dalquest and Stangl, 1984a), Cave Without A 

Name, Levi Shelter, Kincaid Shelter, Eagle Cave (Val Verde County), Natural Bridge Cavern 

(Comal County), and Don Williams Cave (Hays County) (Vertebrate Paleontology 

Laboratory catalogue). Dalquest and others (1969) noted that it is absent from many sites; 

however, medium-sized carnivores generally are not very common. This is especially true 

of those that are too large to be common prey of raptors. 

The stratigraphic occurrence at Hall's Cave is intriguing because all of the remains 

date from between approximately (7500 and 4500 RCYBP) This is probably not particularly 

significant, because small and medium carnivore remains were not a high cataloguing 

priority and because bobcat remains are rare at all Quaternary sites in central Texas. 

Bobcats live in such a wide variety of habitats that they do not indicate any particular 

conditions. Their only significance is that, as medium-sized carnivores, they may have 

helped contribute to the small mammal assemblage in the cave. 

Genus Panthera 

Panthera onca and P. onca augusta ± Panthera leo atrox 

jaguars ±American lion 

Material referred to Panthera leo atrox or Panthera onca augusta: 41229-724, It C1, Pit I; 

165-180 cm; 41229-10797, 9th thoracic vertebra, Pit 1d/E; 160-165 cm; 41229

10875 rt metatarsal 2, Pit 1d/E; 190-195 cm; 41229-10905, rt metatarsal 5, Pit 1d/E; 

165 cm; 

Material referred to Panthera onca : 41229-3537, It metatarsal 4, Pit 1C; 175-180 cm; 

41229-900, 12, Pit 1; 150-155 cm 

Material referred to ?Panthera sp.: 41229-10799 rib, Pit 1d/E; 160-165 cm 
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Material referred to Felisconcolor or Panthera sp.: 41229-10420, ungual phalanx, Pit 1C; 

185-190 cm; 41229-10805, phalanx 1, Pit 1d/E; 175-180 cm; 41229-10806, 

phalanx 2, Pit 1d/E; 175-180 cm; 41229-10866, phalanx 2, Pit 1d/E; 168 cm 

Material representing large cats is moderately common for large animals at Hall's 

Cave. The specimens were identified by a variety of methods. The generic level 

identification is based mainly on comparison to modern skeletal specimens of P. leo, P. 

tigris, and P. onca. The specific identification was a problem. I have not been able to 

distinguish the species based on most of the material from Hall's Cave. 

Four phalanges (41229-10420, -10805, -10805, and -10806) are from a felid the 

size of either a large F. concolor or a fairly small Panthera, probably P. onca. They could 

represent either taxon. However, all of the felid material that can be identified to genus 

from the stratigraphic levels near the phalanges is Panthera. If this material is from 

Panthera, it adds nothing to the stratigraphic range of Panthera at Hall's Cave. If, on the 

other hand, it represents F. concolor, it is the only Late Pleistocene and early Holocene 

material of that taxon from the deposit. 

P. onca is definitely present in the deposit. It is represented by at least a metatarsal 

(41229-3737) which is probably that of small female (Seymour, 1991, personal 

communication). Some of the other material represents larger cats (either larger P. onca or 

P. leo) . These include at least one very large (probably male) individual represented by a 

canine (41229-724) . This canine is within the range which Seymour (1983) found for fossil 

(Late Pleistocene) P. onca and P. leo (Table 45) . However, it is more than two standard 

deviations larger than the P. onca mean. The canine is slightly below average (less than 

ceone standard deviation) for P. I. atrox. The canine could represent either P. onca 

augusta or P. leo atrox; however, P. I. atrox is more probable. Two additional large 

individuals are represented by metatarsals (41229-10875, -10905). These metatarsals are 

smaller than P. leo atrox from Rancho La Brea (Table 45) and probably represent P. onca 

augusta. 

Both P. /. atrox and P. o. augusta are extinct geographic and temporal subspecies 

of wide-ranging living species. Both are larger than their modern counterparts. In addition, 

both species had much more extensive distributions in the Late Pleistocene than they do 

today. In historic times P. onca was distributed through most of South America, Central 
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America, and Mexico and north to the southern portions Texas, New Mexico, and Arizona 

(Seymour, 1989). In Texas it was apparently common in historic times in southern and 

eastern Texas and was known as far north as the Red River. The last verified record was 

from Mills County in north central Texas in 1904 (Schmidly, 1983). During the Late 

Pleistocene, in addition to its modern range, it was found in southern South America almost 

to Tierra del Fuego and in the United State as far north as Tennessee, Missouri, and 

Nevada (Seymour, 1989). In historic times the lion (P. leo) ranged throughout most of 

Africa, and much of southern Asia (Nowak and Paradiso, 1983); however, during the Late 

Pleistocene, it was found on all continents except Australia and Antarctica (Kurten and 

Anderson, 1980). 

Neither of these large cats provides much environmental information because both 

live in a wide variety of environmental conditions. P. onca has been recorded from jungle, 

forest, shrub, grassland, marsh, swamp, and deserts (Seymour, 1989). The primary 

environmental factors controlling its distribution within its range are the presence of water, 

heavy vegetation, and a food source (Mondolfi and Hoogesteijn, 1986). However, 

because of its large individual ranges, these resources may be well dispersed. P. leo is 

found mainly in grassland, savanna, open woodland, shrub, and less often in jungle, and 

semi-desert (Nowak and Paradiso, 1983). 

The large cats probably are important at Hall's Cave from a taphonomic standpoint. 

Jaguars are known to use caves as dens (Mondolfi and Hoogesteijn, 1986) and although 

they do not use them in their modern range, lions are known in large numbers from caves in 

the Pleistocene of Europe (Kurten, 1968). It seems likely that the material from the cave is 

the remains of animals that lived in the cave. They also may have been taphonomically 

important as bone gathering agents. However, the lack of abundant large mammal remains 

suggests that either the cave was not intensively used as a den or the particular area 

excavated was not intensively used. 

Both large cats consume a wide range of prey species. At least 85 species have 

been reported in the diet of P. onca, although most of their diet consists of mammals 

weighing more than 1 kg (Seymour, 1989). Common prey include Tayassu spp., large 

rodents such as Hydrochoerus, Dasypus spp., Caiman, and various turtles (Seymour, 

1989). In addition, they are known to prey on full grown cattle (Bos taurus) and horses 

(Equus cabal/us) (Mondolfi and Hoogesteijn, 1986). Lions also are opportunistic predators 
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and will eat anything they an catch or find; however, most of their diet consists of animals in 

the 50 to 300 kg size class. It is important to consider that the larger late Pleistocene jaguar 

might have utilized larger prey than its modern counterpart. The remains of any of the 

following may have entered Hall's Cave through the action of one or both of the large cats: 

Platygonus compressus, Hemiauchenia macrocephala, Equus sp. (large and small) , 

Geochelone wilsoni, Odocoileus sp., and Bison antiquus. In the Hall's Cave deposits 

Panthera remains have been found associated with (same pit and level) Hemiauchenia sp., 

Equus sp. (large) and Equus sp. (small) (Figure 81). 

The Panthera remains in Hall's Cave come from various levels between 150-155 cm 

(7750 to 8250 RCYBP) and 190-195 cm (11,600 to 12,100 RCYBP). It also has been 

recovered in the undated (and mixed) context of the Bear Pit (Mixed White Surface Debris). 

The reason for its absence in older deposits is not known; however, taphonomic factors are 

suspected. This is based on the fact that few large animal remains have been recovered 

from the deeper levels. The lack of P. onca remains in most of the Holocene deposits is 

another question. It is possible that jaguars were absent from central Texas during much of 

the Holocene. taphonomy is certainly a possible alternate explanation, but the argument is 

not as strong. Other large carnivores, such as F. concolor and C. lupus are found in 

Holocene deposits. 

P. I. atrox and P. o. augusta have both been recovered from other deposits in 

Texas. Large upper canines (similar to 41229-724) identified as American lion have been 

recovered from both Kincaid Shelter (908-2418) and Ingleside (30967-1613) (Lundelius, 

1972a). Neither deposit is dated. Other P. I. atrox material has been identified from Easley 

Ranch (Dalquest and Schultz, 1992). Jaguars have been identified from Longhorn 

Caverns, Clamp Cave (Kurten, 1973), Laubach I (including two c1·s : 40637-51), Laubach 

Ill, Schulze Cave (both Late Pleistocene and late Holocene contexts), Friesenhahn Cave, 

the Quitaque l.f. (Dalquest and Schultz, 1992) and Moore Pit (Kurten, 1973). 

The paucity of P. onca remains in Holocene deposits in Texas is interesting. 

Although it occurred in much of Texas in historic times, the only Holocene records are from 

Hall's Cave (early Holocene) and Schulze cave (late Holocene). They must have been 

considerably rarer in the fauna during the Holocene than they were in the Pleistocene, 

because although the number of Holocene faunas is larger, the number of jaguars found is 

considerably smaller. 
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Figure 81 -- Hall's Cave excavation of Pit 1d/E at a depth of 164 cm three bones of large 
mammals are visible. The vertebra nearest the black sign from an Equus sp. (small). The 
other vertebra and the rib are from Panthera leo atrox or Panthera onca augusta. 
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Table 45 -- Comparative measurements on C1 and various metatarsals for central Texas 
specimens, other fossil and modern P. onca, and fossil and modern P. leo. M & S refers to 
Merriam and Stock (1932). 

Measurements n x s o.r. source 

41229-724 length of c1 25 .0 this study 

c1 width of c1 18 .3 this study 

30967-1613 length of c1 28 .8 this study 

c1 width of c1 20 .4 this study 

908- 2418 length of c1 29 .9 this study 

c1 width of c1 20.5 this study 

40637- 51 (rt) length of c1 "' 21 .7 this study 

c1 width of c1 18 .0 this study 

40637- 51 (It) length of c1 >21 .4 this study 

c1 width of c1 17.8 this study 

recent P. onca length of c1 154 18.1 1.99 14.0-23.4 Seymour (1983) 

width of c1 26 14.9 1.92 11 .0-18.8 Seymour ( 1983) 

USNM P. onca length of c1 20 17.7 1.68 15-20 this study 

USNM P. leo length of c 1 14 23 .4 2 .31 20-26 this study 

fossil P. onca length of C 1 27 21 .2 1.43 19.0-25.5 Seymour ( 1983) 

width of c1 28 16.6 2 .94 15.1-20.3 Seymour ( 1983) 

fossil P. leo length of c 1 26 27 .5 3 .64 21 .8-36.8 Seymour ( 1983) 

width of c1 27 19 .9 2 .73 14.1-,,,25 .7 Seymour (1983) 

41229-10875 greatest length min . 113.9 this study 

It mt 2 
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Table 45 (con't.) 
Measurements n x s o.r. source 

P. I. atrox total length 33 135.3 120.3-147.6 M&S 
It mt 2 
Rancho La Brea 

41229-1 0905 total length 1 118.9 this study 

rt mt 5 great. d-v prox end 1 24 .8 this study 
trans. d midshaft 1 11 .7 this study 
d-v. d midshaft 1 11.2 this study 
gr. trans. d distshaft 1 19.1 this study 

P. I. atrox ~otal length 23 136.6 125.4-155 M&S 

rt mt 5 great. d-v prox end 23 23.7 22.6-27.7 M&S 
Rancho La Brea trans. d midshaft 23 13.3 12.1-14.9 M&S 

d-v. d midshaft 23 13.3 12.7-15 M&S 
gr. trans. d distshaft23 21 .6 20-23.7 M&S 

Order Perissodactyla 

Family Equidae 

Genus Equus 

Horses are important large mammals in the Hall's Cave deposit. At least two species 

are represented, one large and one small. The systematics and taxonomy of North 

American Late Quaternary Equus is exceedingly complicated. Winans (1989) notes that 

since 1842, 59 species of Equus have been described from North American Blancan to 

Rancholabrean deposits. Many studies have attempted to sort out Equus taxonomy (e.g . 

Savage, 1951; Hibbard and Taylor, 1960; Dalquest, 1978, 1979; Winans, 1985, 1989). 

These studies have produced vastly different results in terms of the number of taxa 

recognized and diagnostic characters for these species. In late Rancholabrean deposits, 

for example, Savage recognizes no more than seven species as valid, Dalquest (1978, 

1979) recognizes at least seven species, Winans (1989) recognizes three morphometric 
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species groups (although several probably contain more than one species). Kurten and 

Anderson (1980) list 10 species. 

The Hall's Cave material can be referred with confidence to the genus Equus based 

on comparison with modem and fossil Equus spp. material. None of the material is 

adequate for specific identification under any of the existing schemes; this is largely 

because most Equus taxonomy has focused on dentition and metapodials. Due to the 

limitations of the material and the confused nature of the taxonomy, I have chosen to 

identify the Hall's Cave material simply as Equus sp. (large) and Equus sp. (small). 

Late Pleistocene Equus sizes vary more or less continuously from small (pony size) 

to very large (draft-horse size). However, I have divided them into generally small horses 

(comparable to modem pony, small zebra, and small horse size) and large horses 

(comparable to medium to very large modem horses). In general, the Equus sp. (large) 

class is comparable to material variously identified as E. complicatus, E, fratemus, E. 

giganteus, E. laurentius, E. mexicanus, E. midlandensis, E. niobrarenesis, E. occidentalis, 

E. pacificus, and E. scotti. These horses are roughly comparable to the "E. scotti group" 

and "E. laurentius group" of (Winans, 1989). The Equus sp. (small) group is composed of 

two subgroups: stilt-legged horses and stout legged horses. Equus sp. (small, stilt

legged) comprises material comparable to that usually described as E. francisci. This 

informal designation is equivalent to the "E. fransisci group" of Winans (1989). The Equus 

sp. (small, stout-legged) is comparable to material most frequently identified as E. 

conversidens. This designation is comparable to the "E. alaskae group" of Winans (1989). 

Unfortunately, if the preserved small horse material does not include good skulls or 

metapodials, separation of stilt and stout legged forms is not possible (Winans, 1992, 

personal communication). In these cases the material has simply been identified as Equus 

sp. (small). 

Both large and small horses of the genus Equus are common in the Late 

Pleistocene faunas of Texas and nearby New Mexico. Table 46 contains a partial list of 

notable Late Pleistocene Equus occurrences in Texas and neighboring counties in New 

Mexico. At many sites more than one form is present. It often is difficult to determine which 

size classes are present at a particular site. Many authors, myself included, have 

conservatively identified equid material from various sites as Equus sp. Unfortunately, 
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many have not indicated the general size of the equid; in addition, when faunal lists are 

compiled these important modifiers often are not included. 

The stratigraphically youngest Equus materials from Hall's Cave comes from Pit 1d/E; 

160-165 cm. Material from this provenience includes specimens of both a large and a small 

species. The projected age of this material is between 8700 and 9200 RCYBP. This age is 

younger than the youngest reliable age of Meltzer and Mead (1983) for the last appearance 

of Equus: 10,370±350 RCYBP from Jaguar Cave, ID. The significance of this younger age 

is still being evaluated. Until more radiocarbon dating (especially TAMS dating on the 

bones) can be done, it would be premature to claim late horse survival in central Texas. 

The significance of Equus spp. in Late Pleistocene faunas of central Texas is 

problematic. The confused nature of the taxonomy is partially to blame. Until the taxonomy 

is sorted out, it is impossible to determine the differences in environmental significance of 

different species of Equus. For this reason only general statements on the ecological 

significance that are thought to be applicable to all members of the genus can be made. 

Clearly, small stilt-legged species must have had different ecological requirements than 

large stout-legged species, but what these differences may have been is unknown. All of 

the Late Pleistocene equids are thought to be cursorial grazers (Kurten and Anderson, 

1980). Their presence at Hall's Cave is interpreted to indicate the presence of open 

grasslands in the vicinity of the cave during the Late Pleistocene; however because both 

horses (Nowak and Paradiso, 1983) and their potential predators (see Panthers and Canis 

lupus, above) are wide ranging. Most of the modern species of Equus drink each day 

(Nowak and Paradiso, 1983); this suggests the presence of water in the area, although the 

wide ranging habit of horses means that it was not necessarily close to the cave. 
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Table 46 -- A partial list of notable Equus spp. occurrences in Texas and adjacent New 
Mexico. Size class designations follow those used for Hall's Cave material. They are based 
on a combination of specific assignment by original author, size indication of original analyst 
and inspection of material housed at the Vertebrate Paleontology Laboratory. Size class 
designations marked with an asterisk are my own designations based on vertebrate 
paleontology Laboratory material. 

Site (County) 
Reference Size Class Original ID 

Blackwater Draw (Roosevelt, NM) large E. scotti 
Lundelius, 1972b E. niobrarensis 
Slaughter, 1975 E. midlandensis 

small (stout) E. conversidens 

Bonfire Shelter (Val Verde) small* Equus sp. 

Cave Without A Name (Kendall) large• Equus sp. 
Lundelius, 1967 

Clamp Cave (McCullough?) large• Equus sp. 
Lundelius, 1967 

Cueva Quebrada (Val Verde) large E. scotti 
Lundelius, 1984 small (stilt) E. francisci 

Dark Canyon Cave (Eddy, NM) large E. sp. 
Tebedge, 1988 small (stout) E sp.; E. conversidens 

Dry Cave (Eddy, NM) large E. niobrarensis 
Harris and Porter, 1980 E.? Scotti 

E. ? occidentalis 
small (stout) E. conversidens 
small (indet.) species A 

Friesenhahn Cave (Bexar) large• Equus sp. 

Graham, 1976 

Hinds Cave (Val Verde) small E. ?taui 

Lord, 1984 

Howard Ranch (Hardeman) large E. scotti 

Dalquest and Schultz, 1992 small (stout) E. ct. E. conversidens 
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Table 46 (con't) 
Site (County) 

Reference Size Class Original ID 

Ingleside (San Patricio) large E. fraternus 
Lundelius, 1972a E. pacificus 

E. complicatus 

Kincaid Shelter (Uvalde) large * Equus sp. 
Lundelius, 1967 small* 

Laubach II (Williamson) large * Equus sp. 
Lundelius, 1985 

Laubach Ill (Williamson) large* Equus sp. 
Lundelius, 1985 small (stout)* Equus sp. 

Longhorn Cavern (Burnet) large * Equus sp. 
Semken, 1961 

Lubbock Lake Site (Lubbock) large E. mexicanus 

Johnson, 1987 small (stilt) E. francisci 

Moore Pit (Dallas) large E. midlandensis 
Slaughter, 1966b small (stout) E. conversidens 

E. lambei 
small (stilt) E. ?quinni 

Muskox Cave (Culberson) small Equus sp. 

Logan, 1979 

Scharbauer Site (M idland) large E. midlandensis 

Quinn, 1957 small (stout) E. conversidens 

Schulze Cave (Edwards) small Equus sp. 

Dalquest and others, 1969 

The Avenue Site (Travis) large Equus sp. 

Lundelius, 1992 

Zesch Cave (Mason) large * Equus sp. 

Lundelius, 1967 
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Equus sp. (large) 

large extinct horse 

Referred Material: 41229-520 It pelvis, Pit 18; 185-195 cm; 41229-10795 angle of It 

dentary, Pit 1d/E; 209.5-212 cm; 41229-10796 rt astragalus, Pit 1d/E; 160-165 cm; 

41229-10550 It M 1 or 2, Bear Pit; "Mixed White Surface Debris" 

All four of the referred specimens represent a fairly large species of Equus. More 

exact size comparisons among the specimens has not been possible due to high variation 

among horses and the lack of a large comparative collection of horses of known size, 

breed, and sex. 

The large equid material probably entered the cave through the action of mammalian 

predators or scavengers. Although the bones lack definitive evidence of predation or 

scavenging, this is the most likely source for them. The provenience in which the 

astragalus was found also produced Panthera onca augusta or P. leo atrox material. In 

addition to this large cat, a large canid, Ursus sp., and human artifacts which date to the 

projected age all have been recovered in and around the cave. Any of these may have 

preyed upon or scavenged the horse material. 

The pelvis (41229-520) was found within a rockfall unit; the ischium lay among 

several angular limestone blocks, with the blade of the ilium was oriented more or less 

horizontally. This would be the most stable orientation for this bone. The dorsal portion of 

the rim of the acetabulum and the internal side of the dorsal edge of the ilium and ischium in 

the vicinity of the acetabulum are rodent gnawed. This suggests that the pelvis sat on the 

cave floor for some time before burial. The areas of gnawing are consistent with the pelvis 

having rested in the orientation in which it was found. 

The width of the shaft of the ilium is approximately 50.9 mm. The obdurator foramen 

has a length of 76.7 mm and a width of 47.42 mm. These measurements suggest that the 

pelvis is probably from a male (Gust, 1991, personal communication). 

A portion of the dentary angle (41229-10795) was removed for stable carbon 

isotopic analysis. The collagen from this specimen has a stable carbon isotopic ratio of a= 

-16.3%.. relative to the PDB standard (Toomey, et al., in press b). The collagen has a carbon 

to nitrogen atomic ratio of 3.18, which is consistent with collagen that retains its in vivo 
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isotopic signature (De Niro, 1985). The significance of the stable carbon data is discussed 

in Stable Carbon Isotope Analysis, below . 

Equus sp. (small) 

small extinct horse 

Referred Material: 41229-10798 1st thoracic vertebra, Pit 1d/E; 160-165 cm; 41229

10549 It terminal phalanx, Bear Pit; White Unit; approximately 63.5-76.2 cm 

Both of the Hall's Cave specimens are readily identified as Equus. The size of the 

elements indicates that they belong to one or more species of small horse. Neither of the 

specimens can be evaluated as to whether they are from a stilt-legged or stout-legged 

species. 

The terminal phalanx (41229-10549) is from a subadult individual. However, this 

bone appears sufficiently mature to confidently conclude that the small phalanx belongs to 

a small species and is not small just because it is a juvenile. This specimen is the only one 

which definitely indicates that the White Unit is of Late Pleistocene age; this is because it is 

the only material from an extinct taxon that was found in place within the White Unit. 

The thoracic vertebra (41229-10798) is that an adult Equus sp. (small). The 

vertebra is missing the ventral portion of the centrum, and the transverse processes. The 

centrum appears to have been extensively gnawed and the destruction of the ventral area 

of the centrum appears to be a result of carnivore chewing. In addition, a carnivore canine 

puncture mark is present on the neural arch. Which carnivore gnawed on the vertebra is not 

known; however, Panthera atrox or P. onca augusta remains are known from the same 

provenience and Canis lupus remains are found in nearby proveniences. 
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Order Artiodactyla 

Family Tayassuidae 

Genus Platygonus 

Platygonus compressus (Le Conte) 

flat-headed peccary 

Referred Material: 41229-1364 It mandible and anterior portion of rt mandible, w/ P2

M3, Pit 1C; 200-205 cm; 41229-5016 partial deciduous premolar, Pit 1C; 205-210 

cm; 41229-7304 rt terminal phalanx, Pit 18; 195-200 cm; 41229-1 0811 fragment 

of unerupted molar, Pit 1d/E; 210-215 cm 

Material Referred to ?Platygonus compressus: 41229-11185 distal 1 /4 of rt fibula, Pit 

1d/E; 180-185 cm 

The Late Pleistocene tayassuid material at Hall's Cave was compared the two extinct 

Late Pleistocene species, Platygonus compressus and Mylohyus nasutus, and the living 

species, Tayassu tajacu. Platygonus and Mylohyus both are common in central Texas 

Pleistocene deposits. Tayassu, on the other hand, is not known from any North American 

Late Pleistocene contexts; it is, however, the taxon found in the area today. The 

Pleistocene material at Hall's Cave was compared with it to eliminate both the possibility of 

contamination of the older components with modern material, and the possibility of a Late 

Pleistocene occurrence of Tayassu. T. tajacu does occur in younger Hall's Cave deposits 

(see Tayassu, below). Most of the Hall's Cave Platygonus compressus material can be 

readily distinguished from that of the other tayassuids. 

The left mandible (41229-1364) is easily identified as Platygonus compressus. The 

most obvious feature distinguishing this specimen from Mylohyus is the relatively short 

diastema between C and P2. Mylohyus nasutus has a very long diastema (Lundelius, 

1960), due to elongation of the nasal region (hence its common name "long-nosed 

peccary"). There are also differences in the dentition some of which are discussed below. 
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The mandible of Platygonus (and the referred specimen) can be separated from that of 

Tayassu based on three characteristics. First, Platygonus mandibles and the Hall's Cave 

specimen are much larger than modern T. tajacu mandibles. Second, the angle of the 

dentary in the Hall's Cave specimen flares laterally, unlike most modern Tayassu 

specimens. One large modern adult specimen (M-2229) shows a small degree of flaring, 

but it is not as flared as the Hall's Cave specimen. A series of specimens of Platygonus of 

varying ontogenetic ages from Laubach Cave indicate that the degree of flaring varies with 

age and size of individual. Large adult specimens show the greatest flaring. The Hall's Cave 

specimen fits well into the Laubach Cave series. Third, the teeth of the Hall's Cave 

specimen and Platygonus lack the accessory conulids found on teeth of Tayassu, and 

Mylohyus. The development of these cusps in Tayassu and Mylohyus is most noticeable 

on the M2 and M3. The teeth of the Hall's cave specimen are more hypsodont that those 

of Mylohyus. 

Both of the isolated tooth fragments (41229-5016 and 41229-10811 ) show the 

dental characteristic described above which identify them as Platygonus compressus; both 

fragments are from hypsodont teeth with paired cusps and a lack of accessory cuspules. 

The paired hypsodont cusp architecture is characteristic of Platygonus (Kurten and 

Anderson, 1980) and Catagonus. Both specimens are fragmentary, and so cannot be 

identified precisely. Both are from sub-adult individuals. In the case of the fragment 

identified as a deciduous tooth (41229-5016), it is not possible to tell whether the fragment 

is from a shed tooth. 

The terminal phalanx (41229-7304) is larger than those of Tayassu tajacu. Terminal 

phalanges of Mylohyus and Platygonus are of approximately equal size, and the Hall's 

Cave specimen matches both well. The terminal phalanges of Mylohyus are compressed 

laterally, while those of Platygonus show more dorsal-ventral compression (Lundelius, 

1960). This difference results in a squarer articular surface in Platygonus unguals. 

Platygonus terminal phalanges also are shorter and more robust than those of Mylohyus. 

The Hairs Cave specimen is closer to Platygonus in all these characters. 

Like the terminal phalanx, the fibula fragment (41229-11185) is much larger than 

those of Tayassu. Both Tayassu and Mylohyus have a well developed groove on the 

medial surface (Lundelius, 1960). Although this groove terminates just proximally to the 

position of the Hall's Cave specimen, it contributes to the presence of a moderately well 
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developed ridge which continues distal in Tayassu. This ridge produces a generally 

triangular cross-section just proximal to the distal articulation with the tibia. Platygonus 

fibulae, which lack the groove and ridge development, have a more flattened cross-section. 

The Hall's Cave specimen also has a flattened cross-section. Unfortunately, detailed 

comparison of the Hall's Cave specimen with Mylohyus fibulae was not possible. It does, 

however, compare well with Platygonus compressus specimens from Laubach Cave (i.e. 

41465-234). For this reason I have tentatively referred the specimen to Platygonus 

compressus. 

Platygonus compressus is one of the most widespread and abundant animals in the 

Late Pleistocene of North America. It has been found throughout most of North America 

south of the ice sheets, and may have been the most numerous medium-sized mammal in 

the late Pleistocene biota (Kurten and Anderson, 1980). Platygonus compressus is a 

common taxon in central Texas Late Pleistocene deposits. Among major central Texas 

vertebrate localities, it is known from Friesehahn Cave, Laubach Cave (Cones 1,3 and 5) 

(Lundelius, 1985), Levi Shelter, Zesch Cave, Scharbauer Ranch (TMM 998, Midland 

County), and Clamp Cave (TMM 1295, San Saba County) (Lundelius, 1967). 

Platygonus compressus has generally been considered to have occupied fairly 

open habitats (Graham, 1976; Guilday, et al., 1971; Kurten and Anderson, 1980; Martin, 

1974). This interpretation has been based on both morphologic and faunistic arguments. 

Guilday and others (1971), in a detailed study of the morphological adaptations of 

Platygonus, suggested that they were adapted to semi-open habitats. They did, however, 

note that the teeth appear to be specialized away from the general omnivore tayassuid 

condition toward browsing. Martin (1974) argued that the dental specialization of 

Platygonus may instead indicate adaptation to semi-arid plains; this was based on analogy 

with rrurid rodents. Platygonus is often found in association with taxa suggesting 

grassland and open habitats (see for example, Guilday, et al., 1971; Graham, 1986). 

All of the Hall's Cave Platygonus compressus material has projected ages between 

10,500 (180 cm) and 14,000 RCYBP (215 cm). The projected age for the youngest Hall's 

Cave Platygonus compressus specimen (41229-11185) is between 10,500 and 11,000 

RCYBP (180-185 cm). This is younger than the youngest "reliable" date (12,950±550, 1

2982, Welsh Cave, Ky.) cited by Mead and Meltzer (1984). The Welsh Cave determination 

is on bone "collagen" and thus is not entirely reliable. Until more dating (especially TAMS 
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dating on the bone) can be done, the significance of the Hall's Cave ages are difficult to 

evaluate. 

The taphonomic significance of the Hall's Cave Platygonus remains is difficult to 

assess. As an abundant medium sized mammal, Platygonus would certainly have been an 

important food item for various medium to large predators and scavengers. Their remains 

could easily have entered the cave through the activities these predators. Much evidence 

indicates that Platygonus was a gregarious animal which utilized caves for shelter (Kurten 

and Anderson, 1980). The deposits of at least one cave in Texas, Laubach Cave, 

contained the remains of large numbers of Platygonus, and like Hall's Cave it also 

contained much Panthera onca material. Modem peccaries are a common prey of modem 

Panthera onca (Emmons 1990). In both caves the Platygonus may have been denning in 

the cave or may have been brought in as prey. 

The Platygonus compressus mandible from Hall's Cave is from an adult in age class 5 

(Guilday, et al., 1971 ). The length of the M3 is 23.9 mm. This is larger than the range from 

Welsh Cave, Ky. (19.4-23.0 mm n=22) (Guilday, et al., 1971) and Bat Cave, Mo. (19.7-23.8 

mm n-36) (Hawksley, et al., 1973). It does fall into the range of the Laubach Cave sample 

(21.8-27.3 mm n-14) (Slaughter, 1966a) and the Cherokee Cave, Mo. sample (21.5-25.3 

mm n-18) (Simpson, 1949). 

Genus Tayassu 

Tayassu tajacu Linnaeus 

collared peccary or javelina 

Referred Material: 41229-8240 terminal phalanx, Pit 1 A; 5-10 cm 

41229-10801 terminal phalanx, Pit 1E; 0-5 cm 

The terminal phalanges of Tayassu tajacu can be distinguished from those of most 

other artiodactyls by the shape of the articular surface, and the well developed groove on 

the ventral area of the medial surface. These characters distinguish them from the unguals 

of bovids, cervids, antilocaprids and introduced suids. They are also smaller than and 
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morphologically distinct from unguals of the extinct tayassuids Platygonus compressus 

and Mylohyus nasutus. The specimens were not compared with Tayassu pecari, which 

occurs from the Yucatan south into South America. 

Tayassu tajacu is distributed throughout rruch of Texas, parts of New Mexico, 

southern and central Arizona, as well as throughout rruch of Mexico, Central America, and 

into South America (Figure 82). In Texas it was known in historic times north to the Red 

River and east to at least Mclennan County, as well as, in southern and western areas of 

the state. Within this range the javalina lives in a variety of habitats. In Texas it is found in 

brushy semi-desert habitats and dense brushy thickets (Davis, 1974). It is usually 

associated with vegetation containing prickly pear (Opuntia spp.), mesquite (Prosopis 

sp.), lechuguilla (Agave lechugilla), sotol (Dasylirion sp.), and other succulents (Davis, 

1974). 

The Quaternary fossil record of Tayassu tajacu is difficult to evaluate. At Hall's Cave 

it is known only from the uppermost 1Ocm of the deposit. These levels were deposited 

during the no more than the last 1400 years, and probably within the last 800 years. The 5

10 cm level contains a Late Prehistoric arrow point. Other than the find at Hall's Cave, the 

javelina is known from only seven sites in Texas for which at least marginally reliable ages 

are available. In six of the sites, 41JW8 (Hinojosa Site, Jim Wells County), 41LK201(Live 

Oak County), 41NU102 (Nueces County), 41NU103 (Nueces County), 41MC222 

(McMullen County), and one site in Kleberg County, javalina remains from these sites all 

occur in Late Prehistoric contexts (Steele, 1986b). The Late Prehistoric components 

probably date to less than 1300 RCYBP. In addition, it may be associated with Late Archaic 

deposits at 41LK201 (Steele, 1986a) and at the Swan Lake Site (41AS16, Aransas 

County) (Westgate and Prewitt, 1987; Prewitt, et al., 1987). The age of the Swan Lake 

occurrence is probably between 3000 and 1000 RCYBP (Westgate and Prewitt, 1987; 

Prewitt, et al., 1987). 

The absence of Tayassu in central, south and Trans-Pecos Texas in sites ear1ier 

than 3000 RCYBP is difficult to understand. It may actually have been absent from the area 

before this time, or it may have been in the region at some times during the Holocene but 

may not have been preserved in paleontological and archeological deposits. Both of 

these alternatives present problems, as discussed below. 
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Ill Tayassu tajacu 

Figure 82 -- Modem range of Tayassu tajacu (Hall, 1981). 

The idea that Tayassu may have been present in Texas before Late Prehistoric 

times but was not preserved in the paleontological and archeological deposits is not very 

compelling. It is difficult to believe that javelinas would not been utilized by aboriginal 

people if they were available. In south Texas, although the remains are rare, they were 

utilized during the Late Prehistoric (Steele, 1986b). Why they would be absent from non
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archeological faunas also is unclear. Javelinas often frequent caves and rockshelters in 

rocky canyons (Davis, 1974) and their bones are readily identifiable. For these reasons 

they should be represented in either the archeological or the paleontological faunas if they 

were present in central Texas. 

The fact that an animal's remains are absent from a site does not necessarily mean 

that the animal was absent from the regional fauna. However, javelina is absent from almost 

all of the Holocene sites in all regions of Texas. The most notable absence is from the large 

array of sites at the Amistad reservoir in Val Verde County, which contain abundant 

vertebrate remains of many other medium-sized mammals but no Tayassu remains. In view 

of the evidence (albeit negative) I must reluctantly conclude that Tayassu tajacu was in fact 

absent from the Edwards and Stockton Plateau until after 1500 RCYBP. It probably was 

also absent or rare in other regions of Texas until that time. The fact that the sites dating 

>1500 RCYBP that have javelina are found in south Texas may indicate that they were 

present ear1ier or in larger numbers in that area. 

It is difficult to conceive of a reason for the absence of javelina from Texas for most of 

the Holocene. They live in a fairly wide variety of brushy habitats and eat a wide variety of 

plants. Macrofossil and pollen remains of most of their common foods, including Opuntia 

spp., Dasylirion sp. , Agave lecheguilla, Yucca sp. and Prosopis sp., are present in 

deposits from the Amistad Reservoir area by approximately 8,500 RCYBP (Bryant and 

Holloway, 1985; Irving, 1966). 

The late arrival of Tayassu tajacu would be an interesting footnote, possibly without 

major environmental significance, if it were not for the fact that several other animals 

apparently came onto the Edwards Plateau area at nearly the same time. Spermophilus 

variegatus also is unknown in Holocene faunas until Late Prehistoric times. Bassariscus 

astutus does not appear in ear1y or middle Holocene sites either, and it may have expanded 

onto the plateau at about this same time. Unlike Tayassu tajacu, both of these taxa 

appeared ear1ier in the Amistad Reservoir area (Graham, 1987; Lord, 1984). Neither has 

been recovered at Hall's Cave. Dasypus novemcinctus is known to have entered the area 

in historic times (HurJl>hrey, 1974) and is also absent at Hall's Cave. Tadarida brasiliensis 

also does not appear to have been a significant portion of the fauna until the last 1500 

years. 
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Each of these taxa may have expanded into or within the area for a different, 

unrelated reason. However, the fact that all five are of Tamaulipan and/or Chihuahuan 

affinities suggests that there may have been some common cause. An increase in aridity or 

temperature could have been responsible for these expansions (Graham, 1987). A 

increase in aridity at approximately 1000 RCYBP has been documented for the southern 

plains by Hall (1990). However, conditions on the Edwards Plateau probably were drier 

between 5000 and 2000 RCYBP than in the post 1000 RCYBP period (this study). A lack 

of suitable brushy habitat before the Late Prehistoric times has been postulated as a 

reason for the lack of Tayassu (Steele, 1986b), but seems unlikely that this explanation 

would apply over the whole area, especially in Val Verde County. Furthermore, it would not 

explain the absence of the other taxa. Another possible explanation is that the taxa 

expanded onto the Edwards Plateau as a result of soil loss. This would potentially explain 

Spermophilus variegatus and Bassariscus astutus which both favor rocky habitats (Davis, 

1974). Soil loss would mimic aridification in terms of the vegetation response. However, it 

Is difficult to envision a way in which soil loss would affect Tadarida brasiliensis. 

Family Camelidae 

Genus Hemiauchenia 

Hemiauchenia macrocephala 

large-headed llama 

Referred Material: 41229-3568 It cuboid, Pit I; 180-195 cm 

Referred to ?Hemiauchenia macrocephala 41229-10804 rt 13, Pit 1d/E; 220-225 cm 

The camelid material at Hairs Cave can readily be assigned to the tribe Lamini. The 

only other camel tribe in North America during the Rancholabrean is Camelopini, which was 

represented in the latest Pleistocene by several species of the genus Came/ops (Kurten 

and Anderson, 1980) Neither of the Hall's Cave specimens is large or robust enough to 
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belong to Came/ops. During the latest Pleistocene, two species of the Lamini, 

Hemiauchenia macrocephala and Paleolama mirifica , are known from North America during 

the Latest Pleistocene (Webb, 1974). 

The Hall's Cave cuboid (41229-3568) was identified as Hemiauchenia through a 

series of comparisons. Cuboids of H. macrocephala from Hay Springs, Nebraska (AMNH 

F:AM BX 24), P. mirifica from Mcleod Limerock Mine, Florida ( AMNH FLA 101-1884 and 

41303x), Came/ops sp. from Ingleside, Texas (TMM 30967-1875), and modern Lama sp. 

(Vertebrate Paleontology Lab M-2052, M-4850) were compared to the Hall's Cave 

specimen. Naviculars of P. mirifica (TMM30967-1831) and Came/ops sp. (TMM30967

1560) from Ingleside, Texas, and modem Lama sp. (TMM M-2052, M-4850) also were 

compared to further evaluate orientation of the articular facets. Observations based on a 

partial skeleton of P. mirifica from the Long Paleolama Site, Missouri (Graham, 1990) 

provided additional information. 

The Long Palaeolama Site skeleton confirmed that Paleolama has limb elements 

which are too massive to match the Hall's Cave specimen. Several morphological features 

also indicate that the cuboid is not from Paleolama. The more proximal facet of the posterior 

pair of navicular facets is flat and medially directed in Came/ops, Lama, and Paleolama 

(based on the corresponding articulations on the navicular). In the Hall's Cave specimen 

this facet is convex and directed both medially and distally. The styloid process is less 

pronounced in the Hall's Cave specimen than in these three genera. 

In addition to these differences from other genera, the Hall's Cave specimen 

compares favorably with H. macrocephala in several features. The lateral side of the cuboid 

is straight, as in H. macrocephala. In the other three genera this surface is curved. The 

development of the styloid process on the Hall's Cave specimen is similar to its 

development in H. macrocephala. The similarities with H. macrocephala and differences 

with other taxa indicate that the Hall's Cave specimen ( 41229-3568) should be assigned to 

Hemiauchenia sp. 

The right 13 from Hairs Cave is a typical spatulate camelid incisor, which is unworn and 

probably was just erupting. It is too small to be from Came/ops and is smaller and more 

delicate than the Paleolama l3's from Ingleside (30967-552, 1636 ). The Hall's Cave 

specimen also appears to lack the well-developed tubular roots noted by Webb (1974) for 

Paleolama and observed on the Ingleside specimens. However, the root development is 
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difficult to evaluate on the Hall's Cave specimen because the specimen is broken near the 

base of the enamel. In addition, the roots may still have been developing as the specimen 

is unworn. Because I have been unable to compare the Hall's Cave specimen with 

specimens of both Paleolama and Hemiauchenia in appropriate wear stages, I am unable 

to definitely assign the it to either genus. However, the apparent differences between the 

specimens of Paleolama and the Hall's Cave specimen lead me to tentatively identify 

41229-10804 as Hemiauchenia. 

The genus Hemiauchenia ranged over a large portion of North and South America 

during the Late Pleistocene. During the Rancholabrean the North American species H. 

macrocephala occurred from California (Rancho La Brea and McKittrick, Stock, 1928) to 

Florida (numerous sites, Webb, 1974), and is found as far north as Wyoming (Little Box 

Elder Cave, Converse County, and Little Canyon Creek Cave, Washakie, County) 

(Lundelius et al., 1983). It appears to be rare or absent in the Eastern United States (other 

than Florida) (Lundelius, et al., 1983). 

Hemiauchenia is known from two other central Texas sites: Longhorn Cavern 

(Semken, 1961) and Clamp Cave (San Saba County) (lundelius, et al., 1983). It is also 

found in two important High Plains sites: Lubbock Lake Site, Clovis Level (Johnson, 1987) 

and the gray sand at Blackwater Draw (Roosevelt County, New Mexico) (Lundelius, 

1972b). In north central Texas it is known from Howard Ranch in Hardeman County 

(Oalquest and Schultz, 1992). 

Hemiauchenia macrocephala was a highly cursorial, grazing animal (Kurten and 

Anderson, 1980). Limb proportions indicate that Hemiauchenia probably was well adapted 

for life in the open habitats of the North American Great Plains and South American 

Pampas (Webb, 1974). The hypsodonty of their cheek teeth suggest that they were 

predominately grazers. 

Hemiauchenia remains were probably brought into the cave by mammalian predators 

or scavengers. The cuboid is from a level 180-195 cm) which dates between approximately 

10,600 to 12,250 RCYBP; the fact that it is from a 15 cm thick level makes it impossible to 

narrow the age estimate. The incisor is from a level (220-225 cm) has a projected age of 

14,500 and approximately 15,000 RCYBP. The presence of Hemiauchenia at Hall's Cave 

is interpreted to be evidence for well-developed open grassland habitats within hunting I 

scavenging distance of the cave. 
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Family Cervidae 

Genus Odocoileus 

Odocoileus virginianus (Zimmermann) or O. hemionus (Rafinesque) 

white-tailed deer or mule deer 

Referred Materials: 41229-642 rt astragalus, Pit 1A; 70-75 cm; 41229-643 rt metatarsal, 

distal, Pit 1A; 75-80 cm; 41229-645 rt metacarpal, distal, Pit 1A; 55-60 cm; 41229

646 It tibia, Pit I; 180-195 cm; 41229-672 It naviculocuboid, Pit 1; 25-30 cm; 41229

673 It astragalus, Pit 1A; 25-30 cm; 41229-675 It orbit, ventral portion, Pit 1 B; 105

11 Ocm; 41229-676 rt jugal, posterior, Pit 1B; 105-11Ocm; 41229-868 metatarsal, 

lateral half of proximal articulation, Pit 1 ; 50-55 cm; 41229-975 It fibula, distal, Pit 1 ; 

80-85 cm; 41229-1001 rt M 1 or 2, Pit 1B; 85-90 cm; 41229-1055 rt terminal phalanx, 

Pit 1; 60-65 cm; 41229-2890 It dP4, Pit 1C; 25-30 cm; 41229-6289 It dl2, Pit 1A; 

100-105 cm; 41229-7445 caudal vertebra, Pit 1C; 65-70 cm; 41229-7455 It dP, Pit 

1A; 70-75 cm; 41229-8097 rt cuneiform, Pit 1 ; 40-45 cm; 41229-9333 phalanx 2, Pit 

1 ; 25-30 cm; 41229-9869 lateral toe ungual phalanx, Pit 1C; 100-105 cm; 41229

9955 upper molar or premolar, fragment, Pit 1A; 110-115 cm; 41229-9986 rt phalanx 

1, fragment, Pit 1A; 45-50 cm; 41229-9987 antler, tine tip, Pit 1A; 45-50 cm; 41229

9991 It lower di, Pit 1A; 45-50 cm; 41229-10182 Molar or premolar, fragment, Pit 1C; 

20-25 cm; 41229-10244 It upper dP, Pit 1A; 15-20 cm; 41229-10565 rt dP3, Bear 

Pit; Mixed White Surface Debris; 41229-10810 rt calcaneum, Pit 1d/E; 160-165 cm 

Material referred to cf. Odocoileus: 41229-5039 deciduous tooth, fragment, Pit 1A; 70-75 

cm; 41229-7768 It dl1, Pit 1 B; 95-100 cm; 41229-7769 It dl3 or C1, Pit 1B; 95-100 

cm 

Material referred to ?Odocoileus: 41229-1026 It upper dP, Pit 1; 65-70 cm; 41229-5917 

di, Pit 1A; 50-55 cm; 41229-5918 caudal vertebra, Pit 1A; 50-55 cm; 41229-6531 
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deciduous tooth, fragment, Pit 1B; 120-125 cm; 41229-8179 It C1. Pit 1; 60-65 cm; 

41229-12026 It upper dP4 or M 1 , Pit 1 d/E; 180-185 cm 

Two species of the genus Odocoileus occur in North America: O. virginianus and O. 

hemionus. These two species are virtually impossible to tell apart skeletally. Some 

characteristics have been suggested, but it is not clear how reliable they are. The best 

ways to distinguish them is by their antlers and their lacrimal fossae (Hall, 1981 ) ; 

unfortunately, these criteria are useless for the Hall's Cave material. Although 0. hemionus 

is considerably larger than 0. virginianus in Texas, the range of variation of each over their 

entire range leads to large amounts of over1ap (Nowak, 1991). For these reasons, the Hall's 

Cave material has not been assigned to either species. 

Together the two species of deer range over most of North America. 0. virginianus 

ranges across most of North America south of Hudson Bay except for the desert and semi

desert regions of the southwestern United States. It also is found throughout Central 

America, and south to Peru and northern Brazil (Smith, 1991). 0. hemionus ranges over 

almost all of the western half of North America (Hall, 1981) from the Yukon and Northwest 

Territories in the north to central Mexico. It is found as far east as Iowa, Minnesota and 

Manitoba in the north and Trans-Pecos Texas in the south. 0. virginianus is the only 

species currently found in the area of Hall's Cave (Davis, 1974). They are abundant in the 

area today, but this may be partially due to game management. 

Odocoileus occurs in a wide variety of mainly brushy habitats (Nowak and Paradiso, 

1981). 0. virginianus is found in "forests, swamps and open brushy areas nearby" (Burt 

and Grossenheider, 1976, p. 216). However, Schmidly (1983) notes that the 

physiognomy of the vegetation, and the mix of physiognomies is important to their 

abundance because 0. virginianus preferentially utilizes the edges of brushy habitats and 

is less common in large dense timber stands (Schmidly, 1983). 0. hemionus is found in 

habitats similar to 0. virginianus; but it also utilizes more open, generally arid habitats such 

as chaparral and desert shrub (Burt and Grossenheider, 1976). Both species require 

adequate browse plants and some brush for concealment (Nowak and Paradiso, 1981). 

Both are primarily browsers; however, during the summer, grazing may dominate the diet of 

0. hemionus (Nowak and Paradiso, 1981). 
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Odocoileus sp. remains are ubiquitous in Pleistocene and Holocene sites 

throughout Texas; few major or minor vertebrate assemblages lack them. Cueva Ouebrada 

and the younger Friesenhahn Cave deposits (8-9000 RCYBP and Black fill) (Graham, 1986) 

are notable exceptions. A1. Laubach Cave Odocoileus is only known from cone Ill. Much of 

the Odocoileus material recovered in central Texas has been assigned to O. virginianus on 

geographic grounds or on undocumented morphological grounds (Dalquest et al., 1969). 

Odocoileus sp. remains are probably one of the two most common and abundant types of 

bone in Texas sites; only rabbits bones may be more common. There are reasons for this. 

Deer is generally common throughout all habitats in Texas (indeed throughout much of 

North America). Moreover, Odocoileus is a common prey item of both humans and 

medium to large mammalian carnivores. Both of these groups commonly contribute bones 

to sites such as those in Texas. The fact that much of the Holocene faunal material that has 

been studied in Texas comes from archeological contexts exaggerates the prevalence of 

Odocoileus. It probably is not a coincidence that the sites noted above as lacking 

Odocoileus are probably non-archeological contexts. Even so, there is little doubt that 

deer have been an important component of the central Texas fauna since at least the late 

Pleistocene. 

At Hall's Cave most of the catalogued specimens of Odocoileus sp. come from 

above the depth of 110 cm (Table 13). The significance of this is difficult to evaluate. 

Although readily identifiable, Odocoileus sp. was not a priority for cataloguing. 

Furthermore, as discussed above, remains of all animals larger than Lepus are relatively rare 

and have a spotty stratigraphic distribution. For this reason some of the absences and 

abundance changes are partially artifacts of taphonomy and cataloguing. For example, I do 

not believe that Odocoileus was absent from the area between 10,000 RCYBP (160 cm) 

and 6000 RCYBP (110 cm). The above discussion not withstanding, an increase in 

abundance of deer remains, noticeable in both catalogued and uncatalogued material, 

does occur above the depth of 11 ocm. This increase is interpreted as being a real 

increase rather than an artifact of cataloguing. 

The increase in Odocoileus sp. remains correlates with an increase in archeological 

materials, including hearths, diagnostic artifacts, and more abundant flakes. This probably 

is not a coincidence. Much of the Odocoileus sp. material probably is the remains of meals 

eaten by humans in or around the cave. This is supported by the fact that several of the 
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pieces are burned. The deer material may or may not have been brought .in1Q the cave by 

humans. It seems more likely that deer was processed and/or eaten around the entrance of 

the cave or on the talus pile, and that the material later washed into the cave. 

As noted above, Odocoileus generally is associated with brushy habitats. Its 

presence in fossil deposits could be interpreted as indicating the presence of closed 

habitats or brushlands nearby. Unfortunately, the selection of deer by humans may limit its 

paleoecology utility. The lower abundance in Hall's Cave before about 6000 RCYBP, if it is 

not a taphonomic artifact, may reflect the to prevalence of very open habitats around the 

cave. However, I do not attribute the increase after 6000 RCYBP to an increase in closed 

habitats, but to a taphonomic change related to human utilization. 

Family Antilocapridae 

Genus Antilocapra 

Antilocapra americana (Ord) 

pronghorn 

Referred Material: 41229-10865 rt M1, Pit 1E; 100-105 cm 

Only one molar can be assigned to Antilocapra americana. Pronghorn molars can be 

identified by their hypsodonty, lack of roots, and V-shaped protoconid and hypoconid. 

The Hall's Cave tooth dates between approximately 5000 and 6000 RCYBP. 

Antilocapra americana is found throughout the grasslands and semi-desert 

shrublands of western North America, from Saskatchewan and Manitoba in the north to 

central Mexico in the south (Hall, 1981). Today their range is limited, but in prehistoric 

times they utilized much more of their extensive range (Jones, et al., 1985). Short and 

mixed grasslands are the most common habitats in which they occur (O'Gara, 1978). 

Antilocapra americana is present, but not abundant, in Holocene sites throughout 

central and south Texas. Late Prehistoric occurrences include, Hinojosa Site (41JW8, Jim 

Wells County), 41 LK201 (Live Oak County), 41MC296 (McMullen County), Tortuga Flats 
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(41ZV155, Zavala County), Panther Springs Creek Site (41BX228, Bexar County), Rowe 

Valley (41WN437), the Kyle Site (41Hl1, Hill County) (Steele, 1986b, Table 31) and Smith 

Rockshelter (41TV42, Travis County) (Suhm, 1957). Earlier central Texas occurrences 

include Baker Cave (6000-8500 and 3000-1000 RCYBP), Hinds Cave (=2000 RCYBP) and 

Eagle Cave (from contexts that are probably Latest Archaic or younger) in Val Verde 

County, Wunderlich Site (Lundelius, 1967), Montell Shelter, and Kincaid Rockshelter. 

The fragmentary Wunderlich material, from two middle archaic burned rock middens, 

originally was identified as indeterminate antilocaprid (Lundelius, 1967); however, 

assignment to A. americana seems reasonable. At Kincaid Rockshelter, Antilocapra 

occurs in Zones 3-6. This stratigraphic range covers Late Pleistocene through historic 

times. The Montell Shelter material comes from the upper zones (Holocene). 

Although Antilocapra americana remains are found at a variety of sites in central 

Texas, it is never present in large amounts. This is most noticeable when the amount of A. 

americana remains is compared with the amount of Odocoileus spp. remains from these 

sites. A. americana also is absent from many sites where Odocoileus is present. The 

relative paucity of A. americana in central Texas deposits is especially interesting because 

the sites at which it occurs are mostly archeological. A. americana may actually have been a 

rarer element of the fauna than Odocoileus spp. Hthis is the case it would be important 

from a paleoecological standpoint, because relatively paucity of antelope remains would 

suggest relatively less open habitat than would relatively better representation of antelope. 

However it may be that Odocoileus spp. was taken selectively by prehistoric hunters 

resulting in a relative under-representation of A. americana in deposits. This could have 

been a result of the fact that A. americana may have been more difficult to hunt due to its 

open habitat preferences and speed. I believe that under-representation as a prehistoric 

food source, is the main reason for the lack of antelope remains, and that the absence of or 

abundance of Antilocapra americana remains provides little paleoecological information. 

However, its presence probably does indicate the presence of open, short grass or semi

desert grassland environments in the area. 
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Family Bovidae 

Genus Bison 

Bison is one of the most abundant large mammals at Hairs Cave. Material at Hall's 

Cave includes that of both the larger "extinct" Bison and the smaller "modern" extant form. 

The systematics and taxonomy of the Late Quaternary Bison are complicated. I have 

utilized the taxonomic nomenclature suggested by McDonald (1981). Although his 

analysis is far from complete, it is the most recent hypothesis based on a synthesis of much 

of the fossil and recent material. He recognizes four species in non-Beringian North 

America during the Latest Wisconsin and/or Holocene: B. antiquus, B. bison, B. latifrons , 

and B. priscus. B. priscus is a generally rare form in non-Beringian North America, 

especially in late Wisconsin deposits and has not been considered in the Hall's Cave 

analysis. Bison antiquus, as used by McDonald (1981), contains two subspecies: B. a. 

antiquus and B. a. occidentalis. The lack of skull and horn material from Hairs Cave 

precludes identification of these subspecies. 

The separation of the various species of Bison is based on several criteria, including 

size, skull and horn morphology, and stratigraphic range. The Hall's Cave material includes 

no diagnostic skull or horn material. Therefore, size is the criterion used in this study. In 

general, Bison latifrons is larger than B. antiquus, which in tum is larger than B. bison. 

However, significant sexual dimorphism within each species creates a great deal of overlap 

among the various species. In some cases the assignment of specimens to Bison antiquus 

and Bison bison was made on morphometric grounds; however, in many cases the material 

was morphologically ambiguous and stratigraphic grounds were used to tentatively identify 

material (see discussion under each taxon). The use of stratigraphic criteria was necessary 

because much of the Hall's Cave Bison spp. material came from juvenile individuals. 

Morphological and size differences among Bison species juveniles has not been 

documented adequately. In cases where stratigraphic criteria were used, all material older 

than 5000 RCYBP was assigned to Bison ?antiquus and all material younger than this was 

assigned to Bison? bison (McDonald, 1981). McDonald (1981) also provides temporal 

information which might be used to indicate the presence of B. a. occidentalis. He 

conceives of B. a. occidentalis as a temporal subspecies which occurred between 11,000 
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and 5000 RCYBP (McDonald, 1981). I have not attempted to identify the Bison antiquus 

material to subspecies. Table 47 lists the projected age of all bison material from Hairs 

Cave. Because both the rnorphometric and the stratigraphic criteria used are subject to 

problems, the specific identifications should be considered tentative. 

Specimen 
Number 

TMM 41229 Provenience 
Projected Age Range 
(RCYBP) 

1362 Pit 1C; 210-215 cm 13,500-14,000 
7198 Pit 1C; 185-190 cm 11,000-11 ,750 
9331 Pit 1 ; 25-30 cm 1600-1800 

10803 Pit 1d; 350-355 cm >20,000 
10807 Pit 1d/E; 170-175 cm 9500-10,250 
10808 Pit 1d/E; 170-175 cm 9500-10,250 
10809 Pit 1d/E; 155-160 cm 8000-8800 
11925 Pit 1d; 310-315 cm >20 ,000 

Table 47 -- Provenience and projected age range of Bison spp. specimens from Hall's 
Cave. 

Bison is a common large mammal in central Texas in terms of both abundance at sites 

and in terms of the number of sites at which it has been recovered. This is probably true of 

both B. antiquus and B. bison. Unfortunately, due to the difficulties involved with 

identification of the various species and the problems of Bison taxonomy, few specimens 

have been identified beyond the level of Bison sp. The ubiquity of Bison remains in the 

late Pleistocene and Holocene may be due to a widespread presence on the paleo

landscape, its utility for indigenous peoples or a combination of both. 

In an analysis of archeological and paleontological sites on the southern plains, 

including much of Texas, Dillehay (1974) suggested a chronology of their presence and 

absence since 12,000 RCYBP. He used the faunal lists of 160 sites to delineate three 

presence periods and two absence periods during this time (Table 48). The hypothesis of 

actual absences proposed by Dillehay has been falsified in studies from several areas, 

including north-central Texas (Lynott, 1979), west and central Oklahoma (Baugh, 1986), 

and the Lubbock Lake Site (Holliday, 1987). However, absence period II and presence 

period Ill are supported by data from central and south Texas (Huebner, 1991). The model 

may still be useful as a gauge of Bison spp. density over parts of the region for these 

periods (Creel, et al, 1990). Absence periods could more precisely be termed times of low 



431 

bison density (or low frequency periods, Creel, et at., 1990). The Hall's Cave record 

contains nothing to contradict the Dillehay (1974) model; however, it also contains little to 

support the model, due to the small number of specimens. Projected ages of four of the 

specimens (41229-7198, -10807, -10808, -10809) fall into Presence Period I, and the 

projected age of a fifth specimen (41229- 9331) falls into Presence Period II. Three 

specimens (41229-1362, -10803, and -11925) are projected to be older than the time 

period Dillehay's model addresses. 

Presence Period I 

Absence Period I 

Presence Period II 

Absence Period 11 

Presence Period 111 

12,000 to 7950-6950 RCYBP 

7950-6950 to 4450 RCYBP 

4450 to 1450 RCYBP 

1450 to 750-650 RCYBP 

750-650 to 400 RCYBP 

Table 48 -- Proposed periods of Dillehay (1974) for Bison spp. presence and absence on 
the southern plains based on 160 archeological and paleontological sites. 

Dillehay ( 1974) investigated the possibility of climatic causes for the periods of Bison 

low representation in the archeological record of Texas. He noted that absence period I 

coincided with the "altithermal" as conceived by Antevs (1955). Dillahay (1974) 

hypothesized that the reduction in the number of Bison was due to deterioration of 

grasslands in response to dessication associated with the "altithermal." 

The Hall's Cave record of environmental change provides only limited support for 

Dillehay's hypothesis. Although my reconstruction, based on the fauna at Hall's Cave, 

does indicate that central Texas was drying during the time of absence period I (see 

Paleoenvironmental Reconstruction, below), the end of the absence period coincides with 

the time of maximum aridity in central Texas. 

Dillehay (1974) was unable to relate absence period II to any specific climatic change 

but indicated it was probably caused by climatic changes of some sort. Huebner (1991) 

proposed a model to explain the migration of Bison into South Texas at the end of absence 

period II. This model does not suggest a reason for the absence of Bison in central Texas, 

but it proposes that dessication around 1000 RCYBP led to a breakdown of the cross
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timbers and an increase in grassy habitats which permitted Bison to migrate into South 

Texas. The Hall's Cave record does support the idea of dessication at about 1000 RCYBP. 

Bison antiquus Leidy 

extinct bison 

Referred Material: 41229-1362 rt distal tibia, astragalus and metatarsal, Pit 1C; 210-215 

cm; 41229-10803 sesamoid, Pit 1d; 350-355 cm; 41229-11925 It P4, Pit 1d; 310

315 cm 

Material referred to Bison ? B. antiquus: 41229-7198 anterior end rt mandible w/ dl1-dC, 

and associated It dl2. Pit 1C; 185-190 cm; 41229-10807 rt dP4, Pit 1d/E; 170-175 

cm; 41229-10808 rt dP3, Pit 1d/E; 170-175 cm; 41229-10809 rt dP2, Pit 1d/E; 

155-160 cm; 

The partial hind leg (41229-1362) from Pit 1C; 210-215 cm is some of the most 

interesting material from Hall's Cave. The distal tibia, astragalus and metatarsal were found 

in close proximity of each other in roughly anatomical position. They are the only large 

bones from a single individual found in association. They probably entered the cave as an 

artia.ilated hindlimb, possibly brought in by a predator or scavenger. The fate of the 

calcaneum, naviculocuboid and cuneiform is not known. The size of the metatarsal (length: 

275 mm, antero-posterior minimum of diaphysis: 37.8 mm, transverse minimum of 

diastema: 44.5 mm) is within the range of both B. a. antiquus (male) and B. a. occidentalis 

(male) (McDonald, 1981). The metatarsal is shorter and more robust than those of B. 

latifrons (female). 

One sesamoid (TMM 41229-10803) is assigned to B. antiquus on morphometric 

grounds. Although sesamoids provide limited morphological information and have a 

relatively large amount of size variation, they do appear to be identifiable to specific level. 

The Hall's Cave sesamoid is larger (length: 30.4 mm; maximum width: 19.4 mm) than those 

of a limited sample of Bison bison. It is comparable in size to sesamoids of B. antiquus from 

Pleistocene and early Holocene sites (Figure 83). Based on the age ranges of B. a. 

antiquus and B. a. occidentalis (McDonald, 1981), the Hall's Cave sesamoid would be most 
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belong to a B. a. antiquus. However, the majority of the sesamoids in the sample used for 

comparison are from sites from which 8. a. occidentalis was recovered (Plainview, 

Lubbock, and Bonfire Shelter) . 

The left p4 (41229-11925) is a large, moderately heavily worn tooth. The tooth 

measures 20.1 mm (anterior-posterior) by 20.5 mm (labial-ligual) at the base of the enamel. 

This is at the high end of the range for this tooth in the 8. antiquus sample from the Jones

Miller site. In that sample the size range for the P4 at the alveoli is 16.4-20.2 mm (x = 18.6 

mm) (anterior-posterior) by 15.3-21 .2 (x=18.4 mm) (labial-lingual) (Graham, unpublished 

data). The Hairs Cave tooth is from an adult bison at least 4 years old (Larson and Tabor, 

1980). The degree of wear suggests that the individual was considerably older than this 

minimum ontgenetic age. The large size indicates that the specimen probably can be 

assigned to B. antiquus. This identification is consistent with the stratigraphic age of the 

specimen. 

In addition to the three specimens identified as B. antiquus based on morphometric 

grounds, five specimens are identified as Bison ? antiquus. These specimens have 

equivocal morphology, and they are tentatively assigned to B. antiquus on the basis of 

their stratigraphic I temporal position. Four of these specimens are from juvenile individuals 

and cannot be evaluated morphologically or morphometrically within the current state of 

knowledge. The fifth specimen is from an adult individual; however it is an isolated 

premolar. All are provisionally assigned to B. ? antiquus because each is from a level with a 

the projected age (Table 47) greater than 8,000 RCYBP. 

A right dP4 (41229-10807) and a right dP3 (41229-10808) are from the same 

provenience, Pit 1d/E; 170-175 cm. They are unworn and the dP3 is complete enough to 

show that no root re-absorption had occurred. They probably came from a single individual; 

however, they were not found in direct association. The lack of wear and root re-absorption 

indicate the teeth are from an animal which died (as opposed to the teeth being shed). This 

individual (or both individuals, if the teeth represent two animals) was either a near-term 

fetus or a newborn less than 6 months old. 
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Bison spp. sesamoid biometrics 
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Figure 83 -- Scatter diagram of length vs. width of distal sesamoids of Bison spp. from 
several archeological and paleontological sites. Bison antiquus samples include Plainview 
(TMM 725) (n=47], Bonfire Shelter Bone Bed 2 (TMM 40806) (n=6], Blackwater Draw 
Diatomaceous Earth (TMM 937) (n=S], and Lubbock Lake Site Stratum 2 (TMM 892) (n=9 ). 
Bison bison samples include Bonfire Shelter Bone Bed 3 (TMM40806) (n=3], Lubbock 
Lake Site Strata 3e, 31, 4 & 5 (TMM 892) (n=13], Kincaid Shelter Zone 6 (TMM 908) [n=2], 
Sitter Ranch (TMM 1018) (n=4] , New Sweden (TMM 41427-1) [n=2], and a recent Bison 
bison specimen (M-6116) [n=2) . 

The anterior end of a right mandible w/ dl1-ctC, and associated left dl2 (41229-7198) 

also comes from a very young individual. The teeth are unworn and the roots show no 

evidence of re-absorption. These two pieces of evidence, as well as the presence of the 

mandible fragment, indicate that the teeth represent a dead animal rather than shed teeth. 

The right dP2 (41229-10809) from Pit 1d/E; 155-160 cm is well-worn. The presence 

of this tooth would indicate an animal in the Skinner and Kaisen (1947) age class 

"Immaturity." The ontogenetic age associated with this stage is not indicated. However, in 

Bos taurus this tooth is replaced early in the third year of life (Schmid, 1972). The tooth 

retains both roots, so it could not have been shed. The tooth represents a bison which 

died, probably during its second year. 

All but two of the 8 . antiquus and 8. ? antiquus specimens appear to be 

taphonomically similar. The hind limb elements (41229-1362) and all of the deciduous 
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teeth (41229-7198, -10807, -10808, and -10809) probably were from animals brought into 

the cave by a mammalian predator or scavenger. The bison sesamoid (41229-10803) may 

or may not have come in through that pathway. The sesamoid and the p4 (41229-11925) 

were both found in Unit 4b which contained abundant pebble and cobble size clasts. 

These specimens may have been transported into the cave and to this point with the other 

clasts. Neither piece, however, shows evidence of long distance transport. If either was 

transported, it was probably only from the surface near the cave entrance. 

Bison antiquus usually is interpreted as an open habitat animal inhabiting mainly 

open woodland, savanna, and grassland environments (see, for example, McDonald, 

1981; Graham, 1986; Dillehay, 1974). This interpretation is based on both analogy with 

modem Bison bison and commonly associated faunas. Although I agree with this 

interpretation and use the presence of Bison antiquus at Hall's Cave to support a 

reconstruction of open habitats, it is important to note that the European wisent Bison 

bonasus was associated with both woodlands and grasslands in historic times (Nowak and 

Paradiso, 1983). In addition, B. antiquus has been recovered from numerous sites in 

Florida (McDonald, 1981 ). The significance for the environmental interpretation of B. 

antiquus in the Florida sites, an area which lacked historic B. bison, is not known. It is 

possible that this area had relatively open habitats during the Late Pleistocene; however, it 

is also possible that B. antiquus had somewhat different habitat preferences than B. bison. 

Collagen from the Bison antiquus metatarsal (41229-1362) was analyzed for its 

stable carbon isotopic ratio (Toomey, et al., in press b). The collagen has a carbon to 

nitrogen atomic ratio of 3.25, which is consistent with collagen which retains its in vivo 

isotopic signature (De Niro, 1985). The stable carbon ratio of the Hall's Cave B. antiquus 

metatarsal is -10.0 %o relative to the PDB standard. The significance of the stable carbon 

data are discussed in Stable Carbon Isotope Analysis, below. 
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Bison? bison (Linnaeus) 

bison 

Referred Material: 41229-9331 It dP4, Pit 1 : 25-30 cm 

Morphologically, this specimen can only be identified as a juvenile bovid. 

Stratigraphic I temporal evidence suggests that the material is neither Bos taurus nor Bison 

antiquus. The projected age of the specimen is between 1600 and 1800 RCYBP. This 

age precludes Bos taurus, which was introduced by Europeans, and Bison antiquus, which 

is known only from contexts older than 5000 RCYBP (McDonald, 1981). In view of this, I 

have provisionally identified the specimen as Bison bison. 

The specimen is too fragmentary to determine either its state of wear or whether the 

roots were partially reabsorbed. For this reason it is not possible to ascertain whether the 

tooth was shed or was from a dead animal. If it was from a dead animal, the animal would 

have been less than 3.5 years of age (Larson and Tabor, 1980). If the tooth represents a 

dead animal, the bison, or parts of it, probably were brought into the cave by a mammalian 

predator or scavenger. 

Hall's Cave lies within the historic range of B. bison, although it was extirpated in 

historic times (Davis, 1974). It is interpreted as an open grassland habitat indicator. As is 

noted above, bison are common in paleontological and archeological sites from central 

Texas. This Hall's Cave specimen occurs within presence period II of Dillahay (1974). 



STABLE CARBON ISOTOPE ANALYSIS 

Over the last 20 years, the analysis of stable carbon isotopes has become an important 

tool for examining many geological, paleontological and archeological questions. One of 

the problems to which this type of analysis has been applied is reconstructing the paleo

diets of past vertebrates, especially humans (see for example, Boutton, et al., 1984; 

Schwarcz and Schoeninger, 1991; van der Merwe, 1982). Often, information on paleo

diets is the end goal of these types of study. However, in some cases this dietary 

information can be used in environmental reconstruction (van der Merwe, 1989). At Hall's 

Cave a limited amount of stable carbon isotope data is available. This data provides some 

intriguing insights into the paleoenvironments of central Texas. 

The fundamental assumption in the use of any technique based on the use of 

chemical data from body tissues in reconstructing past diets is that "you are what you eat 

minus what you excrete." More formally this can be stated as the total composition of an 

organism is determined by the balance of materials that enter the body (notably food, 

drinking water, and inhaled 02) and materials that leave the body (notably excreted 

materials, and exhaled C02) (Schwarcz and Schoeninger, 1991). This applies equally to 

studies based on major elements, trace elements, and stable isotopes. 

Although any body tissue could be used to examine stable isotope differences and in 

reconstructing diets, the most important tissue in archeological and paleontological studies 

is bone. This is because it is the vertebrate tissue that is most often preserved in 

archeological and paleontological sites. 

Two bone fractions contain carbon that is useful for dietary reconstruction using 

isotopic analysis: collagen and mineral fraction. The mineral fraction is a carbonate 

hydroxyapatite and the source of carbon is the carbonate which mainly substitutes for the 

phosphate (up to about 5% carbon total) (Krueger and Sullivan, 1984). Organic 

components make up approximately 20% of bone (Krueger and Sullivan, 1984). Of this 

organic material, 90 to 95% of the dry fat-free weight (Krueger and Sullivan, 1984) is 

comprised of collagen, a fibrous protein. Collagen is comprised of approximately 45% 

carbon (Krueger and Sullivan, 1984). The general considerations for dietary reconstruction 

are the same in the case of both components; however, some details are different because 

of differences in formation of the two components (Krueger and Sullivan, 1984). 
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The fractionation of an isotope in an animal's bone is related to two different 

phenomena. One, the original isotopic ratio of the pool the animal is drawing the isotopes 

from (diet in the case of carbon in bone). Two, the biochemical fractionation that occurs in 

the organism in building bone (Schwarcz and Schoeninger, 1991 ). 

To use the stable carbon isotope ratio of a bone (either collagen or mineral fraction) to 

reconstruct an animal's diet, the first step is to understand how that animal's metabolic 

processes fractionate isotopes with respect to its diet. This varies both with what type of 

food is eaten and what body tissue component is of interest. The discussion here will deal 

only with animals that are herbivorous and with fractionation that is exhibited in bone (both 

mineral and collagen components). These processes are more difficult to model in animals 

with carnivorous and omnivorous diets (Krueger and Sullivan, 1984). 

The bones of herbivores are isotopically heavier than their diets due to the effects of 

metabolic fractionation. In the case of collagen the fractionation results in an approximately 

+5%.. offset (5%.. enrichment in 13c compared to 12c) compared to the stable carbon 

isotopic ratio of the diet (Krueger and Sullivan, 1984; van der Merwe, 1982). The 

fractionation of carbon isotopes in the formation of bone mineral is greater. The 

fractionation results in the bone mineral having a +12".k. offset (12'Yoo enrichment in 13c 

compared to 12c) compared to the animal's diet. 

Although only limited study has examined many of these effects, preliminary analysis 

indicates that the bone collagen fractionation compared to diet does not vary significantly 

with age, sex, or skeletal element (Schwarcz and Schoeninger, 1991). This generalization 

does not hold if the animals of different age or sex have different diets (Schwarcz and 

Schoeninger, 1991 ). Collagen exhibits relatively slow turnover in bone. Estimates of the 

time it takes for complete turnover of carbon in collagen vary from several to over 30 years 

(Chisolm, 1989). For this reason, it is likely that seasonal and short term effects will be 

averaged out and that the collagen stable carbon isotope ratio will represent an average 

over numerous years of the animal's life. 

After the fractionation related to the metabolic processes within the animal are 

quantified, it is important to determine what type of variation is to be expected in the diet of 

the animal. In the case of herbivores the source of fractionation in the diet is the 

photosynthetic process. This determines the carbon isotope ratio in the plants that make 

up the diet (Schwarcz and Schoeninger, 1991 ). 
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Most terrestrial plants use one of two photosynthetic dark reaction pathways. These 

photosynthetic pathways are known as the C3 or Calvin cycle and the C4 or Hatch-Slack 

pathway (Raven, et al. 1981 ). These two cycles differ in several ways, but the most 

important for the purpose of this discussion is that they fractionate carbon isotopes 

differently. Plants utilizing the C3 pathway produce vegetative portions with a13c values 

between -24%.. and -34%.. (Jones, 1985) (these and other a 13c values are reported with 

respect to the PDB standard). The mean a 13c value for C3 plants for a mixed-grass prairie 

in South Dakota is -26.7"k (Ode, et al., 1980). Plants utilizing the C4 pathway produce 

vegetative portions with a13c values between -11%.. and -23%.. (Jones, 1985). The mean 

a13c value for C4 plants in the same South Dakota mixed prairie is -12.9%.. (Ode, et al., 

1980). A third variant, Crassulacean Acid Metabolism (CAM), is found in many succulent 

plants (Raven, et al., 1981) including cacti, sotol, and some non-succulents such as 

pineapple and Spanish moss. These plants use both the Calvin and Hatch-Slack 

metabolisms (Raven, et al., 1981) and produce vegetative parts with a13c ranging from 

-10%.. to -33%... Fortunately, in most ecosystems CAM plants are not major components of 

the diets of most animals, and they are disregarded in this stable carbon isotope analysis 

The approximately 14%.. offset in stable carbon isotope ratio between the mean C3 

and C4 fractionation is well within the detection limits of mass spectrometers (Krueger and 

Sullivan, 1984). This means that it is possible to determine the relative amounts of C3 and 

C4 plants in animals diet from the stable carbon isotopic composition of its bones (van der 

Merwe, 1982). 

As noted above, mammalian herbivores fractionation stable carbon isotopes by +5%0 in 

the case bone collagen and by + 12°k in the case of bone minerals compared to their diet 

(Krueger and Sullivan, 1984). This means that a mammalian herbivore with a diet of 100% 

C4 plants (presumed a 13c value = -12.9roo) will produce bone collage with an isotopic 

signature of -7.9%.. and bone mineral with an isotopic signature of -0.9%... The same 

mammalian herbivore will produce bone collage with an isotopic signature of -21.7"k and 

bone mineral with an isotopic signature of -14.7"k utilizing a diet of 100% C3 plants 

(presumed a 13c value = -26.7"k). If an animal is eating a mixture of the two types of plants, 

its stable carbon isotopic signature can be modeled as a linear mix of C3 and C4. For an 

animal eating a diet that was 50% C3 and 50 % C4 (presumed isotopic value of diet of 

approximately 19%..), the collagen would have an isotopic value of approximately -14%.., 



440 

and the bone mineral would have an isotopic value of approximately -7°k. 

The ability to determine the relative importance of C3 and C4 plants in the diet of an 

animal may be of limited interest in and of itself. One of the most frequent uses of this 

information in archeology is to detect the use of C4 cultigens, notable maize in North 

America (Boutton, et al., 1984; Schwarcz and Schoeninger, 1991). However, the 

information can also be useful in paleoecological studies (van der Merwe, 1989). The 

reason for this is that the distribution and abundance of C4 plants is related various 

environmental variables. 

In general, C4 grasses have a competitive advantage over and are relatively more 

numerous compared to C3 grasses in conditions of higher temperature, higher light 

intensity (Raven, et al., 1981), higher summer minimum (Teeri and Stowe, 1976) and 

maximum (Doliner and Jolliffe, 1979) temperature, lower moisture availability (Doliner and 

Jolliffe, 1979) and during summer growth (Ode, et al., 1980). The C3 and C4 

photosynthetic pathways also fractionate carbon isotopes differently. 

The C3 pathway is by far the most common pathway. It is utilized by most dicots and 

many monocots. The C4 pathway is utilized by a large variety of plants from many families; 

however, over half of the known C4 plants are from the Gramineae (grasses) (Downton, 

1975). Because the differences in metabolism in C3 and C4 plants are correlated with 

differences in competitive ability in various climatic regimes, the importance of C4 plants 

varies geographically (for example Teeri and Stowe, 1976; Stowe and Teeri, 1978; Teeri, et 

al., 1980). Texas grasslands today are approximately 68% C4 species in terms of number 

of grass species (Teeri and Stowe, 1976). Measurement of the percentage cover of 

various species within the Blackland Prairies of east central Texas indicate that between 80 

and 94% of the graminoid cover is comprised of C4 species and between 66 and 84% of 

the total herbaceous cover is C4 (data on plant coverage from Diamond and Smeins, 1985). 

As noted above, grasses are by far the most important C4 plants in North America 

(Teeri and Stowe, 1976). Because C4 grasses are the most important C4 contributors to 

biomass in North America, all of the C4 contribution detected in the analysis of stable 

carbon isotopes is attributed to the consumption of C4 grasses. The C3 dietary 

component includes not only most non-grass dietary intake, but also the intake of C3 
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grasses. CAM plants are assumed to make up inconsequential portions of diets of the 

animals in the Hall's Cave study. 

As was discussed under the species accounts for Bison antiquus and Equus sp. 

(large), bone samples of one specimen of each of these taxa were analyzed for their stable 

carbon isotope ratios. The isotope ratios were measured by Dr. T. W. Boutton (Texas A&M 

University), using procedures described in Boutton and others (1984). Details of this 

analysis are discussed in Toomey and others (in press, b). The Bison sample (from 41229

1362) is from Pit 1C; 210-215 cm; the Equus sample (from 41229-10795) is from Pit 1d/E; 

209.5-212 cm. The samples are considered to be essentially contemporaneous and have 

a projected age of between 13,250 and 14,000 RCYBP. 

The Bison metatarsal has a carbon isotope ratio of -10.0%o; the Equus mandible has a 

ratio of -16.3%o. Both of these specimens have atomic C:N within the range suggesting no 

or inconsequential isotopic alteration (De Niro, 1985). Although the value of this ratio as an 

indication of alteration has been questioned (Schwarcz and Schoeninger, 1991). The ratio 

does not indicate that the collagen has been severely altered. In addition, at least some of 

the Hall's Cave bone appears to be well preserved in terms of collagen. T.W. Stafford 

(1992, personal communication) indicates that a sample of bone from lower in the 

stratigraphy seems to have well preserved collagen based on the fact that acid washing 

produced clear bone pseudomorphs. For these reasons the isotopic ratios of both 

specimens are interpreted to represent unaltered in vivo ratios for the two animals. 

The a13c value of -1 o.oroo on sample from the B. antiquus metatarsal indicates that 

the animal had a diet of =84% C4 plants. Similarly, the a13c value of -16.6%0 on the Equus 

sp. mandible sample indicates that this horse had a diet consisting of only ..,393 C4 plants. 

Although individual animals probably have slightly different diets, there is no reason to 

believe that these two animals had atypical diets for their species. 

Both Bison and Equus are grazers; both the C3 and C4 portions of each of their diets 

are probably dominated by grasses. However, forbs also will contribute to the C3 portion. 

There probably are no grazers that are entirely non-selective feeders (eat all grasses in the 

proportion in which they occur in the environment during all seasons). For this reason 

neither the 84% C4 based on the Bison nor the 39°/c,C4 based on the Equus is probably 

an accurate reflection of the actual percentage C4 in the paleoenvironment. However, it 
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may be possible to gauge which animal has a more non-selective diet and thus which animal 

has a diet that more accurately reflects the composition of the grassland. 

In a study of five ungulate species in East Africa, Stewart and Stewart (1971) found 

that Equus burchelli was a highly selective grazer during all seasons. For example, at the 

start of the rainy season the grass lshaemum afrum comprised <2% of the available foliage; 

however, this grass comprised 28.8% of the fragments identified in zebra feces. Similar 

selectivity are exhibited in other seasons (Stewart and Stewart, 1971 ). In contrast, on 

ranges that are not heavily grazed, Bison bison are relatively non-selective grazers (Peden 

et al., 1974; Schwartz and Ellis, 1981). This may indicate thatthe Bison antiquus isotopic 

ratio comes closer to representing the actual mix in the paleo-environment. 

It seems safe to conclude that the actual percentage of C4 grass biomass in the central 

Texas grassland between 13,250 and 13,000 RCYBP is between the 39% indicated by the 

Equus a13c value and the 84% indicated by the Bison antiquus a13c value. The 

possibility that Bison is a less selective feeder than Equus suggests that the actual value 

may be closer to the higher end of the range. Whichever value is used, it is clear that C4 

grasses were a significant, probably dominant, component of the late Pleistocene central 

Texas grasslands. 

A Late Pleistocene grassland containing a significant C4 grass component is very 

different from the High Plains grassland reconstructed by Stafford (1984). Bison from 

Stratum 1 of the Lubbock Lake Site (approximately 11,100±100 RCYBP) have a13c 

values of between -16 and -17°.4.o. This indicates diets of only approximately 34 to 41% C4 

grasses. This indicates that 1) bison feeding behavior was different in the two areas, 2) C4 

grasses were less abundant on the High Plains than on the Edwards Plateau during the 

Late Pleistocene, or 3) that a significant shift in the proportion of C3 to C4 grasses occurred 

between 11 .000 and 13,000. These explanations are not mutually exclusive and several 

may be correct. 

The difference in the a13c values between the Bison antiquus and Equus sp. is 

interesting. Although they were apparently grazing on essentially the same grassland, they 

were utilizing different components. Equus sp. apparently was utilizing more C3 grasses. 

This would serve to reduce competition between the taxa. It is interesting to speculate on 

whether the various grazers in the Pleistocene of North America had a complex grazing 

interaction similar to that of the African ungulates. 
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The two radiocarbon determinations on bone both have a13c values associated with 

them these are -7.7°/oo (Tx-6537) and -7.8%o (Tx-7430). Both of the samples are on mixed 

samples of bone from a single provenience. Most of the bone in each case is from rodents 

and rabbits. Although some other taxa are present in the sample, the dominant 

contribution is by these two groups. The analysis in each of these cases is on the mineral 

fraction of the bone. 

If these two bone samples can be assumed to be primarily from herbivores, the diet of 

these composite herbivores would be approximately 50% C4 plants. It is difficult to 

evaluate this value because it is not possible to determine what proportion of the 

composite herbivore diet is browse and what proportion is grass. The stable carbon 

isotope ratios may indicate that the total vegetation was approximately half C4. The ages 

associated with the two samples are 7320 ± 21 ORCYBP (Tx-6537) and 15,420 ± 170 

RCYBP (Tx-7430). 

The 50% C3 estimate based on radiocarbon sample Tx-6537 is especially interesting, 

because it can be compared with another estimate of the same age. At the Camp Pear1 

Wheat Site (41KR243) in eastern Kerr County an estimate of 40% C3 was made based on 

the stable carbon isotope ratios on humates (Collins, et al., 1990). This estimate was based 

on a a13c value of -15%o on humates radiocarbon dated to 7300±190 RCYBP. The Camp 

Pearl Wheat sample is measuring the isotope fractionation in a different type of material for 

this reason it provides a somewhat different paleoenvironmental signal . The humate 

fractionation will estimate the C3 to C4 ratio of plants contributing to the soil organics 

(probably the entire plant biomass). This provides an overall environmental ratio rather than 

a dietary ratio. 



PALEOENVIRONMENTAL RECONSTRUCTION 

Evidence from the sediments and fauna of Hall's Cave provides important information 

on the past environments of the Edwards Plateau. However, it provides even more 

information when combined with studies that have been performed on other sites. Various 

lines of evidence provide information on past temperatures, moisture, seasonality, soils, 

and vegetation. 

This chapter summarizes the changes in the environments that have occurred on the 

Edwards Plateau during the past 25,000 RCY based on information from both Hall's Cave 

and other studies. The changes in each paleoenvironmental variable are traced individually 

over the study period. The variables that are traced are temperature, available moisture, 

seasonality and temperature-precipitation distribution, vegetation, and soils. 

The vertebrate evidence clearly is the most important focus of this study; however, 

some other lines of evidence are included. The evidence provided by the various 

vertebrate taxa is only summarized here; specific information on individual taxa was 

discussed in the section on systematic paleontology. 

Temperature Reconstruction 

Edwards Plateau faunas are do not provide the information needed to detect minor 

temperature fluctuations. The smallest changes that can be detected are on the order of 

those associated with glacial-interglacial (or interstadial) fluctuations. Three temperature 

regimes and two major temperature changes can be discerned in the central Texas 

vertebrate record. 

The earliest temperature regime is represented by the fauna of Laubach Ill. The 

fauna dates to approximately 23,000 RCYBP, as such it represents conditions before the 

Late Wisconsin Glacial Maximum (Bowen et al., 1986). The Laubach Ill fauna lacks 

extralimital taxa that would indicate cool conditions. It is the only central Texas late 

Pleistocene fauna that contains Tadarida brasiliensis, Glyptotherium floridanus, and 

Didelphis virginiana (Lundelius, 1985). It also is one of the few Late Pleistocene faunas 

that contains Sigmodon hispidus and Lepus califomicus (Lundelius, 1985). The fauna 

has a fairly large number of animals of southern affinities including Panthera onca, 
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Tremarctos floridanus, and Dasypus bellus. The Myotis velifer specimens from this deposit 

are significantly smaller than those from other central Texas Late Pleistocene fauna. This 

also suggests warmer conditions. The fauna appears to represent a relatively warm period, 

probably an interstadial. The age of the deposit is 23,320±490 RCYBP (Tx-1139). The 

age and generally warm fauna make correlation to the interstadial Farrndale soil (Johnson, 

1986) of the Midwest tempting. The noble gas content of the groundwater of the Carrizo 

Aquifer indicates that mean annual temperatures during a period estimated to be between 

22,500 and 33,500 RCYBP were about 2.5°C cooler than today and also about 2.5°C 

warmer than the glacial maximum (Stute, 1992). 

The earlier of the two temperature changes that can be detected in central Texas is 

the cooling that occurred between the deposition of the Laubach Ill fauna and the 

deposition of the Late Wisconsin full and late glacial faunas of central Texas. The transition 

between these regimes has not been detected in any central Texas vertebrate or pollen 

record. The noble gas temperature record based on the ground water in the Carrizo 

Aquifer appears to span the transition, but this record does not allow for precise dating of 

the transition due to the uncertainties associated with dating groundwater (Stute, 1992). 

During full and late glacial times, temperatures were lower in central Texas than 

today. Only three faunas are dated to this period: Hall's Cave, Friesenhahn Cave, and the 

Avenue Site. Friesenhahn Cave provides little information on the temperature during this 

time due to the general lack of small animal remains in the older deposits. At Hall's Cave 

Sorex cinereuslhaydeni, which is found in levels dating from at least 18,500 to 14,500 

RCYBP, provides the best indication of cooler temperatures. The presence of Zapus 

hudsonius and Phrynosoma douglassi also may indicate cooler conditions, as would the 

presence of Microtus pennsylvanicus (if this is the species of Microtus that is present in the 

deposit). The Avenue Site also may contain M. pennsylvanicus and would also support the 

idea of lowered temperatures. 

Several other central Texas sites contain remains of animals that are indicative of 

temperatures cooler than today. The presence of Sorex cinereus, Zapus hudsonius, and 

Mustela erminea at Schulze Cave and the presence of Sorex cinereus, Mustela erminea or 

nivalis, and Microtus pennsylvanicus at Cave Without A Name both indicate cooler 

temperatures. Unfortunately, these sites are not well dated. 
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Analysis of the climatic tolerance of Sorex cinereus and Sorex haydeni (Figure 31) 

indicates that the summer temperature in central Texas must have to have been at least 

approximately 2°C lower. Increased precipitation would not change this number very 

much. Interestingly, the modem winter temperatures in central Texas are approximately 4.S 

to S°C higher than are encountered by S. cinereus I S. haydeni within its current range. 

The mean annual temperature probably was at least about S°C lower. This estimate is in 

good accord with the estimates based on the noble gases in the Carrizo Aquifer (Stute, et 

al., 1992). 

The presence of spruce (Picea sp.) in records from both Boriack Bog and 

Friesenhahn Cave (17-19,000 RCYBP deposits) is further evidence of lowered 

temperatures. In levels dating to around 16,000 RCYBP at Boriack bog Picea glauca is 

present in amounts of 1-3% percent (Bryant and Holloway, 198S). At Friesenhahn Cave 

Picea is present in amounts of about O.S% (S.A. Hall, 1989; personal communication). The 

presence of Picea glauca has been interpreted to indicate that summer temperatures were 

S°C cooler during full glacial times in central Texas (Bryant and Holloway, 198S). The 

vertebrate fauna recovered in central Texas could occur with summer temperature S°C. 

However, as was noted above only 2-3°C of summer temperature depression would be 

required. 

Sorex cinereuslhaydeni first disappeared from the Hall's Cave fauna at about 14,SOO 

RCYBP. This may be an indication of significant post-glacial warming in central Texas at that 

time. Data from additional well dated sites will be needed to test this hypothesis. 

Other faunal changes at Hall's Cave suggest that significant warming was occurring in 

central Texas between approximately 14,SOO and 12,SOO RCYBP. The first appearance of 

Sigmodon hispidus at Hall's Cave and in other well dated sites in central Texas is at 

approximately 13,SOO RCYBP (200-20S cm). By this time the mean annual temperature 

probably had risen to about 14°C and the mean July temperature may have reached 24°C. 

Baiomys taylori is first identified from the deposit at a depth of about 19S cm (approximately 

12,000 RCYBP). This indicates that temperature conditions had reached approximately 

modern levels. Limited data indicates that Blarina decreased rapidly in size between 

approximately 14,SOO and 12,SOO RCYBP. Phrynosoma douglassi disappears from 

around Hall's Cave at about 12,000 RCYBP. 
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The pollen record from Boriack Bog supports the chronology of warming suggested 

by the Hall's Cave record. Picea is present in that deposit in sediments as young as about 

10,000 RCYBP (Bryant and Holloway; 1985; Bousman, 1991). Above about 13,000 years 

it is represented by 0.5% or less. Below this level its percentage ranges up to about 6%. 

This indicates that a drastic reduction in the amount of spruce occurred around 13,000 

RCYBP. The small amounts of spruce present in the deposits younger than 13,000 may 

represent pollen transported from a distance (see below). 

The potential dominance of C4 grasses in central Texas (as deduced from the a13c 

of the Hall's Cave Bison and Equus samples) also suggests that generally warm conditions 

prevailed by about 13,000 RCYBP. The abundance of C4 grasses would be especially 

indicative of relatively high warm season temperatures. 

Several pieces of data from Hall's Cave and other sites are not in accord with this 

reconstruction. For example, taken at face value, the radiometric dates from Cave Without 

A Name and from Unit C at Schulze Cave suggest cold conditions in central Texas later than 

at Hall's Cave. However, the dates on both of these sites are extremely suspect and can 

only be interpreted as minimum ages. 

One Sorex specimen was recovered from level 190-195 cm at Hall's Cave . This level 

dates to between 11,600 and 12,100 RCYBP. If this specimen represents S. cinereus, it 

suggests one of two things. One possibility is that conditions remained cold until that time 

and Sorex was not recovered between 14,500 and 12,000 RCYBP because of chance 

factors. Alternatively, it could indicate a brief return to cool conditions after a period of 

warming. If the Sorex specimen represents S. longirostris, as opposed to S. cinereus or S. 

haydeni, it might indicate changes in moisture rather than temperature. 

Another potentially contradictory line of evidence comes from the limited pollen 

analysis that has been done at Hall's Cave. Small amounts of spruce (Picea sp.) pollen 

occur in the Hall's Cave deposits from a depth of 200-203 cm (S. A. Hall, 1992; personal 

communication). Spruce represents only about 0.5% of the total pollen count. At this 

level, it is not clear that this represents local spruce trees. However, if spruce trees were 

present they would indicate significantly cooler conditions than the fauna suggests. The 

climatic tolerance polygon of Picea glauca indicates that highest warmest month mean 

temperature that this taxon would tolerate is 22.5°C. This would be approximately 4.5°C 

cooler than the modem July mean temperatures of Kerrville. Another possibility is that the 
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spruce pollen is further evidence of a brief reversal within the warming trend. I tentatively 

conclude that the Picea pollen at a depth of 200-203 cm at Hall's Cave probably represents 

fairly long distance transport. 

Eptesicus fuscus also gives insight into temperatures. As discussed above, E. 

fuscus indicates that winter cave temperatures probably were below 5°C before about 

15,000 RCYBP. Between 15,000 and about 11,500 RCYBP winter cave temperatures 

were between 5°C and 7°C. After about 11,500 RCYBP winter cave temperatures were 

probably over 7°C most years. The abundance of Eptesicus remains in the cave also 

shows a small increase around 12,000 RCYBP; this could either corroborate the evidence 

for a cool period around that time or be a result of taphonomic factors. Unfortunately, the 

cave temperature provides only general information on changes in surface conditions 

rather than a specific indication of Edwards Plateau mean winter temperatures. 

There is no evidence for either specific temperatures or general directions of 

temperature changes at Hall's Cave post-dating 11,500 RCYBP. This also would be the 

case for central Texas if the dates from Schulze Cave and Cave Without A Name were 

discarded. After approximately 11,500 RCYBP, conditions appear to have remained 

relatively close to modem (within several degrees); however, as noted above changes of 

less than a couple of degrees would not be detectable using central Texas faunal 

assemblages. 

Moisture Reconstruction 

Vertebrate-derived reconstruction of the levels of and changes in effective moisture 

at Hall's Cave are based on several types of faunal changes. These include extirpation of 

animals requiring high moisture, colonization by more arid-adapted taxa, and changes in 

abundance of various moisture sensitive taxa. 

The moisture regime of the period prior to the last glacial maximum is poorly known. 

The only vertebrate site that provides evidence on it is Laubach Cave Ill. None of the taxa 

that have been recovered indicate particularly moist conditions; in particular, both 

Synaptomys and Blarina are absent. The presence of Microtus ochrogaster indicates 

conditions somewhat moister than modem ones. 
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Two vertebrate records indicate moist conditions during the full glacial period 

(22,500 to 14,000 RCYBP). Synaptomys cooperi was recovered from the Avenue Site, 

and from Hall's Cave levels dating from approximately 14,000 to possibly at least 20,000 

RCYBP. S. cooperi is the taxon recovered in the central Texas Pleistocene that probably 

indicates the wettest conditions. Zapus hudsonius may indicate conditions almost as 

moist; it also was present in the Hall's Cave fauna between approximately 14,500 and 

15,500 RCYBP. The Friesenhahn Cave fauna contains Blarina indicating at least moderate 

moisture; however, the full glacial age deposits there generally lack small, environmentally 

sensitive taxa. 

Synaptomys cooperi and possibly Zapus hudsonius require fairly moist conditions 

to survive and indicate the presence of moist conditions in central Texas. However, 

because temperatures were lower during the full glacial, modem precipitation levels would 

have been more effective in producing the needed moisture because with lowered 

temperature evaporation would have been reduced. Whatever the balance of precipitation 

and evaporation, the resulting moisture regime probably was humid. 

Late glacial and Holocene conditions are more difficult to evaluate for several 

reasons. I have been able to identify more changes during these periods than in the 

proceeding two. The Hall's Cave record is well-studied for this entire period and many other 

records can supplement it. More sites provide information but many are poorly dated, 

which limits their utility. As with the temperature reconstruction, most of the chronology of 

change is derived from the Hall's Cave record. 

Synaptomys cooperi has not been recovered from the Hall's Cave deposits between 

14,000 (215 cm) and 13,000 (205 cm). This short absence may be taphonomic; if so, 

moisture conditions may not have changed significantly during that time. However, if 

Synaptomys actually was absent from the area, it would indicate a brief period of at least 

slightly drier conditions. 

The possibility of a brief dry period between about 14,000 and 13,000 RCYBP is 

extremely intriguing. This is the same period during which the faunas suggest increasing 

temperatures. This also was near the time of maximum discharge of glacial meltwater into 

the Gulf of Mexico (Broecker, et al., 1988). A cooler Gulf probably would have provided 

less moisture to central Texas, which might have resulted in less precipitation. 



450 

At approximately 13,500 RCYBP (210-215 cm) in the Hall's Cave record an important 

line of evidence begins providing moisture information. It is at this depth that the 

Notiosorex.Cryptotis ratio becomes a useful index of relative moisture (Figure 40). 

Changes in this ratio provide the basic structure of the moisture reconstruction from 13,500 

to the present. 

Synaptomys cooperi is present in the Hall's Cave deposits between approximately 

13,000 (205 cm) and 12,000 RCYBP (195 cm). This indicates that either conditions 

returned to slightly higher moisture level or that they had remained fair1y moist until 12,000 

RCYBP. Two additional lines of evidence may suggest that this period was relatively moist. 

First, Cryptotis is the dominant shrew (Notiosorex is absent) between about 13,500 and 

12,500 (200-210 cm) (Figure 40). Second, the presence of Sorex at the level 190-195 

would indicate moist conditions between 12,100 and 11,600 RCYBP if it represents S. 

longirostris.. 

At approximately 12,000 RCYBP Synaptomys finally was extirpated from the Hall's 

Cave fauna. This is interpreted to be the result of increasingly dry conditions. As 

discussed above, it may have been extirpated from most of the area at that time, or it might 

have remained in riparian habitats and on the eastern edge of the plateau until 8-9000 

RCYBP. 

The drying that led to the extirpation of Synaptomys at 12,000 also is evident in the 

Notiosorex-.Cryptotis ratio. Between approximately 12,300 (195-200 cm) and 10,400 

RCYBP (175-180 cm) the ratio is quite high indicating reasonably dry conditions. Lepus 

californicus first occurs in the Hall's Cave record between approximately 13,000 and 12,000 

RCYBP. Their colonization of the area, and possibly much of the plateau, also was probably 

related to drying conditions. The amount of drying that took place during this time 

apparently was significant but not excessive, because Blarina carolinensis, Microtus 

pinetorum, and Microtus ochrogasterremained in the area. Overall, the shift probably was 

from humid to moist sub-humid conditions. The end of this dry period may be the event that 

Haynes (1991) views as a "Clovis-age drought." 

An increase in the relative abundance of Cryptotis parva at about 10,400 RCYBP 

indicates a return to slightly moister conditions. After this relatively moist period, conditions 

gradually dried through rTl.ICh of the Holocene. The fact that this drying was gradual is 

indicated by a gradual increase in the Notiosorex:Cryptotis ratio. 
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In addition to the increase in the Notiosorex.Cryptotis ratio, the extirpation of several 

species suggests drying conditions. The extirpation of many of these species occurred at 

about the same time. The moist adapted species that disappeared include the following: 

Sea/opus aquaticus (105-11 Ocm, =5500-5750 RCYBP), Blarina carolinensis (100-105 cm, 

...5000-5500 RCYBP), Pipistrellus subtlavus (95-100 cm, =5000-5200 RCYBP), Microtus 

ochrogaster (85-90 cm, .. 4500-4750 RCYBP), Microtus pinetorum (85-90 cm, =4500-4800 

RCYBP), and Ambystoma sp. (80-85 cm, =4200-4500 RCYBP). One explanation of the 

coincident extirpation might be that the drying of the area occurred rapidly at about that 

time. However, this does not agree with the Notiosorex data or with the tact that several of 

the animals appear to have been becoming less abundant throughout much of the 

Holocene. This is especially true of Blarina, Ambystoma and Pipistrellus. 

One additional mammal pair shows an abundance change that may indicate changing 

moisture conditions. At approximately 100 cm (=5000 RCYBP) the geomyid fauna 

switches from a Geomys dominated fauna to a Thomomys dominated fauna. In addition, 

Pappogeomys castanops occurs in several levels in the late Holocene. 

It is important to note that many of the animals that are being interpreted as indicating 

changing moisture conditions are burrowing animals that are controlled by soil conditions. 

However, one of the most important factors that controls their distribution is soil moisture. 

This is the most likely factor in the changes in Geomys abundance and the absence of 

Microtus pinetorum. The evidence tor this that both animals return to the plateau after 

about 2500 RCYBP. If other soil factors, such as soil depth or soil texture, were the primary 

control, these animals probably would not have returned, because most of the changes, 

other than moisture, would not have been reversible under central Texas conditions. 

During this drying trend the climate at Hall's Cave went from a humid to a subhumid to 

a steppe moisture regime. The trend culminated with a period from approximately 5,000 

RCYBP to approximately 2,000 RCYBP during which the moisture regime was drier than 

the modern conditions. The moisture conditions during this period were probably those of 

a steppe regime. After this dry period, conditions returned to at least as moist as modern 

conditions. 

The absence of Pipistrellus subflavus and Microtus pinetorum between 

approximately 5000 RCYBP and 2000 RCYBP indicates that conditions at Hall's Cave were 

drier than modem during this interval. Both of these taxa are known from the Kerr County 
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area from historic times. Pipistrellus subflavus in Kerr County is near the western edge of 

its range and Microtus pinetorum is known only from a relict population. A relatively small 

increase in aridity would eliminate P. subflavus from the area. The same change would 

reduce the size and distribution of the relictual population of M. pinetorum, so that they 

might no longer be an important prey item during this time. 

Data from several other sites also support the interpretation of a dry late Holocene. In 

Schulze Cave, unit B, both Pipistrellus subflavus and Microtus ochrogasterlpinetorum are 

absent. This is during the time that both were absent from Hall's Cave. This supports the 

idea that the Hall's Cave fauna is not just indicating local conditions around the cave. 

Cryptotis parva also is lacking from the Schulze Cave unit B fauna. This agrees with their 

generally low representation in the 3000 to 4000 RCYBP levels at Hall's Cave. 

The historical biogeography of both Blarina and Microtus ochrogaster indicate that 

the drying on the Edwards Plateau reached more extreme levels earlier in the west than in 

the east. Both taxa may have been extirpated from the western plateau by approximately 

7700 RCYBP (absent at Felton Cave). Both were extirpated from upland areas around 

Hall's Cave at around 5000 RCYBP. M. ochrogasterwas still present in Llano County 

(Mille(s Cave) at about 3,000 RCYBP. On the eastern edge of the plateau, Blarina (and 

possibly M. ochrogastery were still present at approximately 1000 RCYBP (Barton Road 

Site). 

The presence of Microtus pinetorum in the deposit at approximately 2,000 RCYBP 

(20-25 cm) indicates a return to moister conditions. Pipistrellus subflavus returned at 

approximately 1500 RCYBP (15-20 cm). This is corroborated by the increase in importance 

of Cryptotis parva after about 2,500 RCYBP. Together, these two pieces of evidence 

indicate that conditions were slightly moister than modern conditions. 

The sharp increase in importance of Notiosorex crawfordi after 1,000 RCYBP may be 

related to a drying event. If so, this resulted in an increase of aridity to modem levels. 

Paleovegetatlon 

For at least the last 25,000 years, much of the uplands of the Edwards Plateau has 

been covered by open grassland or savanna vegetation. The grass component of this 

vegetation was mixed-grasses over most of the plateau, although it seems likely that taller 
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grasses dominated to the east and shorter grasses were more important to west. The data 

from vertebrate sites suggest that woodlands were most likely were restricted to riparian 

areas, although a few trees would have occurred on the uplands. Moisture changes 

probably led to changing proportions of various grass and herbaceous taxa; however, the 

vertebrate record suggests that woodlands or forests have not been important 

components of the Edwards Plateau vegetation at any time during the last 20,000 years. 

This is a significantly different from the conclusions reached by Gehlbach (1991) and 

Wilkins (1992). 

The best supported reconstruction of vegetation and environment at Hall's Cave 

comes from the Late Pleistocene and early Holocene Red Clay sediments. The presence 

of Cynomys sp. and the general paucity of arboreal I woodland taxa indicates that the 

dominant environment in the vicinity of the cave at this time was a grassland or very open 

woodland. The co-occurrence of Cynomys sp., which is characteristic of shortgrass and 

mixed-grass grasslands, with Geomys sp., which occurs in the tallgrass and mixed-grass 

grasslands, indicates that at least a portion of the grassland component of the environment 

was a mixed-grass assemblage. 

Grasslands are difficult to identify on the basis of faunal evidence. Most mammals 

that occur in a grassland also occur in other settings (see for example, Armstrong, et al., 

1986). The only major exception is Cynomys sp. However, many of the other Hall's Cave 

taxa are those that commonly occur in grassland or open vegetation settings. Microtus 

ochrogaster, Onychomys leucogaster, Chaetodipus hispidus, Perognathus spp., and 

Geomys sp. are common elements of the Hall's Cave fauna that are important grassland 

animals. Other animals found mainly in open country that are found at Hall's Cave include 

Spermophilus spp., Zapus hudsonius and Dipodomys elator. Extinct taxa recovered at 

Hall's Cave that have been interpreted as being primarily grazers or open land animals are 

Bison antiquus, Hemiauchenia sp., Platygonus compressus, and Geococcyx californianus 

conklingi. Stable isotopic ratios on Bison and Equus specimens, and on apatite from 

15,000 year old bone (Tx-7430) indicate that the grassland were probably dominated by C4 

grasses. 

Remains of Synaptomys cooperi, anatids, charadriiforms, and Podiceps sp. suggest 

that wetland habitats may have been a significant component of the landscape. Perhaps 

shallow depressions contained small wetland ponds and marshes, as is common 
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throughout the Plains. Shallow, closed topographic depressions occur on the Plateau 

today, and may represent these types of environments (Lundelius, 1992, personal 

communication). Other taxa, such as Sorex and Ambystoma, also could have frequented 

wetland habitats. Alternatively, the wetland taxa may have been utilizing riparian areas. 

The presence of Dipodomys elator may indicate that mesquite was present within 

raptor hunting distance of the cave. This is a very tentative reconstruction based on the 

best known habitat preference of D. elator. If this association is valid, mesquite would have 

been present from >20,000 RCYBP to 6100 RCYBP. 

In addition, to the grassland taxa discussed above, the faunas of Friesenhahn Cave, 

Cave Without A Name, and Schulze Cave each contain significant woodland indicators. 

Each fauna contains both Cynomys sp. and Tamias striatus (Graham, 1987; Lundelius, 

1967; Dalquest et al., 1969). Friesenhahn Cave and Cave Without A Name also have 

Mammut americanum, and Friesenhahn Cave has Mylohyus nasutus. 

At least two scenarios adequately account for this pattern. One, large areas of the 

Edwards Plateau supported a mosaic of grassland and woodland habitats. Under this 

scenario the proportion of woodland probably varied and the area around Hall's Cave 

supported less woodland than was found around the other sites. Two, grasslands or very 

open woodlands were the dominant vegetation over much of the plateau, especially in the 

uplands. Denser woodlands were restricted to along the water courses. The fact that Hall's 

Cave, an upland site, indicates a grassland, while Friesenhahn Cave, Cave Without A 

Name, and Schulze Cave, sites on or near major drainages, indicate a mixture of woodlands 

and grasslands is consistent with the second scenario. For this reason, I favor the second 

scenario. 

Preliminary pollen analysis of Hall's Cave sediments supports the idea of an open 

vegetation during at least part of the period of red clay deposition (S.A. Hall, 1992; personal 

communication). One sample from 201-203 cm (approximately 12,500 to 13,000 RCYBP) 

has been analyzed. The results suggest a generally open grassland. Some pine (Pinus 

spp.) was present, although few, scattered trees or in trees in isolated habitats would 

account for the pollen. Juniper (Juniperus sp.) and sagebrush (Artemisa sp.) were both 

present. Trees other than pine and juniper were almost absent. 

The vegetation of the Hall's Cave area between 8,000 and 5,000 RCYBP is less 

easily reconstructed. The continued importance of taxa such as Chaetodipus hispidus, 
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Perognathus sp., Microtus ochrogaster, M. pinetorum, and Onychomys leucogaster 

shows that grassland was still the dominant habitat. The dominant geomyid during this time 

was Geomys sp. This indicates that the grassland component probably continued to be 

dominated by a mixed grass assemblage. 

Around 5,000 RCYBP the progressive Holocene drying discussed above resulted in 

a change in vegetation. The abundance of Thomomys sp., as compared to Geomys sp., 

between 5,000 and 2,000 RCYBP probably is related to a change from a mixed-grass 

grassland to either a shortgrass grassland or a desert grassland I steppe. I cannot 

determine the extent of vegetation cover from the faunal evidence. The change in 

geomyids probably is most closely tied to changes in the soils of the area (see discussion 

below). The soil changes both cause and are caused by the vegetational changes. 

Grassland dominance continued after 2,000 RCYBP. Several explanations may 

account for the presence of both Geomys sp. and Thomomys sp. Both mixed-grass and 

shortgrass assemblages may have occurred within raptor hunting range. Second, the 

boundary between these two ecosystems may have fluctuated continuously, and each 

may have been in the area at times during the last 2,000 ACY. 

Hackberry (Ce/tis sp.) seed coats are present throughout the deposits. These may 

have microvegetational significance. The Hall's Cave entrance sinkhole may have housed a 

hackberry tree for much of the latest Pleistocene and Holocene. The other possibilities are 

that the seeds were brought in by rodents feeding on them or that they were part of mud 

brought in by birds in nest construction. 

Reconstruction of Soll 

During the last 20,000 years, major changes have occurred in the soil mantling the 

Edwards Plateau. In general, a net loss of soil and down-wasting through erosion has 

occurred. Most of the soil material that has been removed has been transported off the 

plateau by trunk drainages and now makes up the extensive terraces of many rivers on the 

coastal plain or has been deposited in the Gulf of Mexico (Blum, 1991). Accompanying the 

changes in depth of the soils have been major changes in texture, moisture capacity, 

stoniness, rockiness, and probably in mineralogy and chemistry. 
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Collins (1990) proposes four phases of soil history on the Edwards Plateau. I concur 

with his general ideas; however, I would identify five phases based on the Hall's Cave data. 

Collins (1990) missed one phase based on a miscorrelation of units between Hall's Cave 

and Bering Sinkhole. 

The earliest phase that can be identified at Hall's Cave is as Collins (1990) 

suggested. This phase began at some time during the Pleistocene. It continued through 

approximately 8,000 RCYBP in the area around Hall's Cave. The soils around the cave 

during this time were deeply rubified. The presence of Cynomys sp. remains in the Red 

Clay at Hall's Cave suggests that these soils (or ones within hunting distance) were fairly 

thick. Cynomys ludovicianus generally has complex burrow systems that extend to a depth 

of at least 1 to 2 m. The presence of Cynomys sp., Dipodomys elator, Sea/opus aquaticus, 

Spermophilus sp. and Geomys sp. also indicates that these soils were well-drained and 

probably had a texture near the loam to sandy-loam range. In order to be as red as the 

sediments in Hall's Cave, the soils from which they were from must have been forming in a 

fairly moist (udic or ustic) regime. 

The thick, well-developed, rubified loamy soil mantle that apparently covered much 

of the Edwards Plateau during the Late Pleistocene must have formed over a very long 

time. Weathering of the Edwards Limestone produces only small quantities of insoluble 

residue from which to derive a soil. Unless significant eolian deposition was taking place on 

the plateau (a prospect for which there is no evidence), tens to hundreds of thousands of 

years would be required to form this mantle. This indicates that the Edwards Plateau had a 

quite stable landscape over much of the last 100,000 or so years (Toomey, et al., in press, 

a). 

The mammal remains suggest that the environment in the vicinity of Hall's Cave was 

predominantly a grassland or a very open woodland/savanna. The deep red soils in the 

area of the cave may have been deeply weathered soils like those found on the prairies. 

Under the 1938 soil taxonomy (Baldwin, et al., 1938), the reconstructed soils may have 

been from the Reddish Prairie great soil group. The classification of these soils under the 

Seventh Approximation soil taxonomy (Soil Survey Staff, 1975) is more difficult. This 

taxonomy requires much more detailed information on climatic conditions and on 

horizonation than can be reconstructed from the Hall's Cave sediments and vertebrates. 

These soils are unlike any soils currently found in Kerr county. The Spires, Roughcreek 
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and Tarpley series are most similar; however all are too shallow, too dry, and too stony to be 

adequate analogs for the Late Pleistocene and early Holocene soils. The Spires soil is a 

rhodic Paleustalf, the Roughcreek and Tarpley soils are Argiustolls. The Spires series soils 

are probably most similar to the soils that produced the Red Clay. 

Modern red soils such as those mentioned above may be the remnants of the more 

extensive Late Pleistocene and early Holocene deep red soils. However, it also is possible 

that they are soils that have been formed in material derived from the older soil. 

The erosion of these deep rhodic soils on the Edwards Plateau began by the latest 

Pleistocene. Red cave sediments derived from these soils date to as early as 

approximately 19,000 RCYBP at Friesenhahn Cave (Graham, 1976). If sedimentation rates 

at Hall's Cave can be projected, erosion of the red soils began by 20,000 RCYBP. Based 

on sediments in caves, these red soils were quite widespread. These red sediments are 

found in Cave Without A Name, Miller's Cave, Friesenhahn Cave, and Longhorn Cavern. 

The deep red sediments ceased to be deposited in Hall's Cave approximately 8,000 

RCYBP. However, the cessation of deposition probably was time transgressive across the 

Edwards Plateau. 

Once the landscape became less stable and erosion of the deep soils began, it 

continued at a much higher rate than new soil could form. Thus the soils became shallower 

due to net down-wasting. 

The deep red soils were replaced by soils representing the second phase of soil 

history on the plateau. This is the phase that Collins (1990) did not identify. These soils 

probably slowly replaced the red soils as the red soils were eroded. The replacement of 

one soil by the other probably occurred in a patchwork fashion, and probably involved the 

reactivation of soil forming processes on the remains of the earlier soils. 

The Brown Clay sediments at Hall's Cave represent the material derived from these 

soils. The Red-Brown unit at Bering Sinkhole (Bement, 1991) also represents material 

from this phase. At both sites these sediments date from approximately 8,000 RCYBP to 

5,000 RCYBP. Soil formation in this phase probably began during the Late Pleistocene, 

as these soils replaced the eroding phase one red soils. 

Like those of phase one, these soils were, are reddish in color. However, they are 

generally also more brown in color (at Hall's Cave the sediment is (SYR 3/2). The color may 

due to the fact that the remains of the phase one soils probably served as the parent 
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material for the phase two soils. The color change probably is related to the incorporation of 

organic matter into a smaller volume of clay in a less intense weathering regime. Clastic 

material derived from the limestones of the area also contributed to the soil, resulting in a 

less mature soil. These soils probably were formed over several thousand years under 

subhumid conditions. Soil moistures conditions probably varied between fairly dry udic to 

ustic. 

These soils were well drained soils. The absence of Cynomys sp. suggests that the 

soils were generally less than about 1 m thick. The reduction of soil thickness is due to the 

fact that little new residuum could have formed in the time these soils had to develop. The 

thickness was constrained by the depth of the remaining red Pleistocene and early 

Holocene soil. 

The presence of Geomys sp. suggests that the upper (non-rocky and not indurated) 

horizons soil had a thickness of at least 15cm. The soil probably had a texture near a loam 

or sandy loam. The presence of Dipodomys elator, and Geomys sp. would indicate that the 

soil was not a very rocky or extremely clay rich. The presence of these taxa also supports 

the idea that the soil moisture regime was udic or fairly moist ustic. 

Soils of the Comfort, Depalt and Doss series may be relicts of soils formed during the 

second soil phase. Each have B horizons with colors similar to the Hall's Cave Brown Clay 

(5YR 3/3). These soils are found as minor components in the soil associations found in the 

vicinity of Hall's Cave and Bering Sinkhole. The Comfort series soils probably are too rocky 

to represent the extensive soils of the second phase, although they could be remnants. 

The loss of moles (Sea/opus aquaticus) and possibly mole salamanders (Ambystoma 

sp.) near the end of this phase may have been caused by several factors. First, the phase 

two soils probably became drier toward the end of the phase. The drying of these soils 

would have eliminated these taxa. Second, as the phase two soils were eroded, the drier 

phase three soils covered increasingly large areas around the cave. Dipodomys elator, 

Sea/opus aquaticus and Ambystoma sp. apparently were not found in the phase three 

soils. As these soils became more widespread, fewer of these animals were available to 

predators. 

The third phase of soil history (phase two of Collins (1990)) is represented by 

material deposited in Hall's Cave between approximately 5,000 RCYBP and 2,000 RCYBP. 

The sediments from this time at Hall's Cave are very dark brown (10YR 212). Sediments at 
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Bering Sinkhole are similar (Bement, 1991). Collins (1990) suggests that these sediments 

may be derived from a moderately well-developed soil in which the A and B horizons have 

become mixed in deposition. 

Several major faunal changes are coincident with the change to deposition of phase 

three soil material. The most significant change in tenns of soil reconstruction is the 

replacement of Geomys sp. by Thomomys sp. and Cratogeomys castanops. The rapidly 

increasing importance of Thomomys sp. (Figure 64) in the fauna at the change from the 

Brown Clay to the Dark Brown Unit probably indicates that the change in soils proceeded 

fairly rapidly. 

Changes in several soil characteristics may have been responsible for the change in 

geornyids. In northeastern New Mexico, where the three genera of geomyids occur 

together, Geomys was found in sandy soils, while the other two genera are restricted to 

soils with clayier surface textures (Best 1973). Thomomys was found in soils that had 

clayey subsoils. Geomys inhabited soils with significantly higher permeabilities than 

Thomomys and Cratogeomys; this is consistent with the texture preferences. In Colorado, 

in areas where the three genera are found in proximity, Miller (1964) found that Geomys 

utilized the deepest, moist loamy soils, while Thomomys utilized drier, shallower soils that 

were gravelly or clayey. 

The change in geomyids indicates that the soils that gave rise to the Dark Brown Unit 

sediments probably were drier and shallower than soils of the first two phases. They may 

also have been clayier or rockier or both. All of these changes suggest soil development in 

an overall drier, probably ustic moisture regime. This is consistent with the moisture 

evidence discussed above. 

Collins (1990) notes that no in-place soils on the plateau have been identified that 

are relicts of this phase. However, the Purves and Real series soils are most similar to the 

reconstructed soils. The Purves series soils are well represented in the Purves-Tarrant 

association in upland areas around Hall's Cave (Dittemore and Coburn, 1986). 

The fourth soil phase of the Edwards Plateau (phase three of Collins (1990)) is the 

formation of the shallow, dark colored, stony soils such as the Tarrant and Eckrant series 

soils which cover rruch of the plateau. Soils such as these probably were the source of the 

Black Unit in Hall's Cave. This type of soil has contributed sediment to the cave for 
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approximately the last 1,500 years. At Bering Sinkhole the erosion of these soils and 

deposition into the site began slightly earlier, around 2,500 RCYBP. 

The renewed importance of Geomys sp. suggests that slightly moister soil 

conditions prevailed early in this interval. However, geomyids are quite sparse in these 

sediments. The shallow stony soils were probably largely unsatisfactory for geomyids. 

The upper date on charcoal from the Black Dirt at Hall's Cave indicates that about 15 

cm of sedimentation has occurred at Hall's Cave during the last 1000 years. The soils in the 

area may have been similar to modem for much of that time, so that little sediment would 

have been available throughout this time. This would have resulted in a reduced 

sedimentation rate. Alternatively, if the sedimentation rate was constant, sedimentation 

may have largely ended by 300 yrs. BP, either due to changes in the talus cone drainage 

pattern or due to fact that almost no soil was left in the catchment area to go into the cave. 

The fifth phase of soil history on the Edwards Plateau may or may not be evident at 

Hall's Cave. In the Black fill at Longhorn Cavern, Semken (1961) found Geomys sp. 

remains as well as Mus musculus. This indicates that Geomys sp. was in the area during 

historic times. He interpreted their modern absence in Burnet County as an indication of 

soil stripping in historic times. This loss of soils capable of supporting Geomys sp. was 

attributed to erosion caused by overgrazing by cattle, goats, and sheep (Semken, 1961). 

The uppermost levels at Hall's Cave contains several taxa that are no longer found in 

the vicinity of the cave, including Cryptotis parva, Microtus pinetorum, Geomys sp. and 

Thomomys sp. Each of these taxa could have been eliminated by historic changes. All but 

Cryptotis are reported from the area in small numbers in historic times (Dalquest and 

Kilpatrick, 1973; Dalquest, et al., 1969). However, because of the thin section 

representing the last 1,000 years, I cannot separate changes in the last 1,000 years from 

changes in the last 100 years. 

Temperature-Moisture Distribution and Seasonality 

Several lines of evidence suggest that the latest Pleistocene environment of central 

Texas had less seasonal variation than the modern environment. one line of evidence is 

the presence of a non-analogous fauna at Hall's Cave. The presence of several extinct 

taxa may also indicate decreased seasonality in the latest Pleistocene. 
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Late Pleistocene faunas throughout most of North America contain assemblages 

containing taxa that are now allopatric. These non-analogous assemblages generally have 

been interpreted as a result of more equable Late Pleistocene climates (see Dalquest, et 

al., 1969; Graham, 1979; Hibbard, et al., 1965; Lundelius, et al., 1983 for example). 

Northern species may have been able to expand into central Texas due to lower summer 

temperatures, but species with southern affinities were not forced out of the area because 

winter temperatures were not drastically lower. Non-syrnpatric pairs at Hall's Cave include 

the following: Notiosorex crawfordi with Synaptomys cooperi (level 195-200 cm) ; Myotis 

velifer with Sorex cinereus or haydeni (levels 195-200 cm, 220-225 cm; and 250-255 cm); 

and Myotis velifer with Zapus hudsonius (level 220-230 cm). 

The non-sympatric pair Notiosorex crawfordi with Synaptomys cooperi (195-200 cm 

) and the approximately parapatric pair Sigmodon hispidus with Sorex cinereus or S. 

haydeni (190-195 cm) bear special consideration. In each of these cases the extralimital 

species was making a reappearance in the deposit, presumably in response to a brief 

reversal of the post glacial warming and drying. If the environment was changing rapidly and 

sedimentation rate was slow, these animals could occur in the same excavation level with 

limited or no environmental overlap. Clearly, the faster the environmental change which 

must be detected; the higher the sedimentation rate must be to detect it. 

The extinct taxa Geochelone wilsoni and Geococcyx califomianus conklingi both 

may indicate lessened seasonality. Geochelone wilsoni probably indicates relatively mild 

winter conditions with a lack of sustained or extreme cold. Geococcyx califomianus 

conklingi may indicate a lack of summer heat stress coupled with cool winters. Together, 

these two extinct taxa suggest fairly equable Late Pleistocene conditions. 

Climatic tolerance analysis can provide interesting information on and can potentially 

constrain reconstructions of the annual temperature and precipitation distribution. A 

hypothesis concerning the tolerance for a fauna is derived by looking at the overlap of the 

individual tolerance polygons for the members of the fauna. Rather than use all of the 

members of the fauna, I have used 10-15 taxa that appear to provide the structure to the 

tolerance estimate. Using additional taxa, such as Neotoma or Canis latrans, would not 

provide additional information because their tolerance includes all of the estimated 

polygon. 
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The results of the climatic tolerance analysis are shown in figures 84-88. The 

tolerance field shown represents the conditions under which all of the animals might be 

expected to occur. Although the tolerance field does not indicate the temperature and 

precipitation conditions for each month, it does constrain the monthly conditions. A 

climatograph for the Hall's Cave area at the time represented by the fauna from 220-240 cm 

(•15,000 RCYBP) should fall into the estimated tolerance field for that fauna. In each of the 

figures the triangles represent the climatograph for the modern conditions at Kerrville. 

The tolerance diagram for the modern condition (Figure 84) provides an example of 

how this works. The tolerance field was derived by overlapping the individual polygons for 

Phrynosoma comutum, Didelphis virginiana, Notiosorex crawfordi, Myotis velifer, 

Pipistrellus subflavus, Tadarida brasiliensis, Lepus californicus, Chaetodipus hispidus, 

Baiomys taylori, Onychomys leucogaster, and Sigmodon hispidus. The tolerance derived 

based on this fauna is shown within the solid line. As was noted above, a relict population 

of Microtus pinetorum occurred in western Kerr and eastern Edwards County. If M. 

pinetorum is included in the fauna, it significantly reduces the area of the polygon. The fact 

that the modern climatograph fits into the hypothesized tolerance field suggests that the 

method is working. This modern diagram also reflects the tolerance for the upper 20 cm of 

the Hall's Cave deposit. 

The climate tolerance diagram derived from the fauna recovered from between 50 

and 70 cm is shown in figure 85. This diagram differs slightly from the other graphs in that it 

is defined by both the presence of certain animals and the absence of others. The 

tolerance zone is defined by the presence of these animals: Phrynosoma comutum, 

Cryptotis parva, Notiosorex crawfordi, Myotis velifer, Lepus californicus, Cratogeomys 

castanops, Chaetodipus hispidus, Baiomys taylori, Onychomys leucogaster, and 

Sigmodon hispidus. Microtus pinetorum and Pipistrellus subflavus are absent from these 

levels but are found above and below. For this reason the conditions required to eliminate 

them are also shown. The conditions of one or more months must plot in the indicated 

portion of the field. 

These levels lie within the most xeric period identified at Hall's Cave based on 

Notiosorex.Cryptotis ratios. As expected, the tolerance field is shifted slightly toward drier 

conditions compared to both the modern field and the 140-160 cm field. The tolerance 

diagram indicates that during the dry period spring and fall precipitation probably were both 



463 

lower. Summer and winter precipitation could have been very similar to those in central 

Texas today. 

Climate tolerance analysis of the composite fauna from 140-160 cm (approximately 

7000 to 8500 RCYBP) yields the tolerance field shown in Figure 86. The field extends 

over the same temperature range as does the field of the modern fauna. However, the 

precipitation range covers only the wetter half of the modern field. The analysis indicates 

that summer precipitation was significantly higher and that fall and spring precipitation may 

have been slightly higher. 

The tolerance field for the composite fauna from 195-220 cm ( 12,000 to 14,500 

RCYBP) (Figure 87) is the most difficult to evaluate because of the important faunal 

changes that were occurring in this interval. In addition, uncertainty concerning both the 

identity of the Sorex mandible from the 190-195 cm and the significance of the 0.5% Picea 

pollen adds to the confusion. Analysis indicates that the summer precipitation was higher 

than modem. The precipitation in the other seasons also may have been slightly higher. 

The tolerance field for the composite fauna from 220-240 cm (representing the time 

period 14,500-16500 RCYBP) (Figure 88) shows some important differences from the 

modern tolerance field that reflect important differences in the climatic conditions. The first 

thing to note is that the upper temperature of the tolerance zone is slightly lower than the 

modem conditions and than those predicted by the modern tolerance field. This indicates 

that modern summer monthly mean temperatures (June, July, and August) were lower than 

today. The low temperature estimate is approximately the same as the modem conditions. 

The temperature tolerance estimate supports the idea of lowered thermal seasonality. The 

220-240 cm tolerance estimate shows conditions were significantly moister. The modern 

summer conditions (June, July, August) require a total of approximately 5 cm more 

precipitation to reach the tolerance field. It is notable that the modern winter and fall 

conditions are just wet enough to fall within the estimated tolerance. 
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Figure 84 -- The reconstructed tolerance zone of the modern Hall's Cave fauna. The 
potential climate zone is based on the overtapping tolerances of Phrynosoma comutum, 
Didelphis virginiana, Notiosorex crawfordi, Myotis velifer, Pipistrellus subflavus, Tadarida 
brasiliensis, Lepus californicus, Chaetodipus hispidus, Baiomys taylori, Onychomys 
leucogaster, and Sigmodon hispidus. The presence of Microtus pinetorum in the modem 
fauna is difficult to evaluate. If it is considered to be present, the stippled portion of the 
tolerance zone is not available. 
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Figure 85 -- The reconstructed tolerance zone of the fauna from 50-70 cm depth at Hall's 
Cave. The potential climate zone is based on the overlapping tolerances of Phrynosoma 
comutum, Cryptotis parva, Notiosorex crawfordi, Myotis velifer, Lepus califomicus, 
Cratogeomys castanops, Chaetodipus hispidus, Baiomys taylori, Onychomys leucogaster, 
and Sigmodon hispidus. In order to eliminate Microtus pinetorum and Pipistrellus 
subflavus, both of which are specifically absent, the climate must fall in the hatched zone at 
some time of year. 
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Figure 86 -- The reconstructed tolerance zone of the fauna from 140-160 cm depth at 
Hall's Cave. The potential climate zone is based on the overlapping tolerances of Gopherus 
spp. (for Geochelone wilsom), Phrynosoma comutum, Blarina carolinensis, Cryptotis parva, 
Notiosorex crawfordi, Myotis velifer, Pipistrellus subflavus, Lepus califomicus, Cynomys 
ludovicianus, Chaetodipus hispidus, Baiomys taylori, Onychomys leucogaster, Sigmodon 
hispidus, Microtus pinetorum , and Microtus ochrogaster. 
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Figure 87 -- The reconstructed tolerance zone of the fauna from 195-220 cm depth at 
Hall's Cave. The potential climate zone is based on the overlapping tolerances of, 
Phrynosoma douglassi, Blarina carolinensis, Cryptotis parva, Myotis velifer, Pipistrellus 
subflavus, Lepus californicus, Cynomys ludovicianus, Chaetodipus hispidus, Onychomys 
leucogaster, Sigmodon hispidus, Microtus pinetorum , Microtus ochrogaster and 
Synaptomys cooperi. Additionally, the effects of Gopherus spp. (for Geochlone wilsom), 
and the effects of the possible occurrences of Sorex cinereuslhaydeni, Sorex longirostris, 
and Picea glauca are shown. 
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Figure 88 -- The reconstructed tolerance zone of the fauna from 220-240 cm depth at 
Hall's Cave. The potential climate zone is based on the over1apping tolerances of 
Phrynosoma douglassi, Blarina carolinensis, Sorex cinereus, Myotis velifer, Pipistrellus 
subflavus, Cynomys ludovicianus, Chaetodipus hispidus, Onychomys leucogaster, 
Microtus pinetorum , Microtus ochrogaster, Synaptomys cooperi and Zapus hudsonius. 
The potential presence of Microtus pennsylvanicus has no effect on the zone, the effects 
of other potential species of Microtus has not been examined.. 
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SUMMARY OF PALEOENVIRONMENTAL CHANGE 

Changes in the sediments and fauna track the changes in the central Texas 

environment of the last approximately 20,000 years. In addition to changes in faunal 

composition, changes in relative abundances of taxa and changes in the size of individual 

taxa provide important data for evaluating environmental change. When combined with 

other central Texas data the Hall's Cave fauna provides information on the temperature, 

moisture, seasonality, soil conditions, and vegetational development of central Texas 

through the Late Pleistocene and Holocene. These changes can be summarized as 

follows: 

At. around 23,000 RCYBP the central Texas area was characterized by conditions 

slightly cooler and moister than modem. Much of the area was probably characterized by a 

mixed-grass vegetation, although woodlands were at least locally present along the edge 

of the plateau. The soils were moderately deep to deep and were probably loamy. This 

time period is the most poorly constrained in central Texas due to the lack of faunas. 

The full glacial period (=1S,000-20,000 RCYBP) is characterized by cooler 

temperatures and much moister conditions. Summer temperatures were certainly 

depressed by at least 2° C, although non-vertebrate evidence suggests S°C. Mean annual 

temperatures were also apparently depressed by about S°C. Moisture was higher in all 

seasons and precipitation may have been significantly higher in the summer. Well

developecl, deep, loamy soils covered at least some areas of the plateau. On at least the 

eastern plateau this soil was deeply rubified. The vegetation was an open mixed grassland 

on the uplands with riparian woodlands. 

Rapid warming and possibly drying occurred between 14,SOO and 12,SOO RCYBP. 

This lead to the extirpation of several mesic I cooler adapted taxa and the introduction of 

more xeric I warmer adapted taxa. This warming trend may have been interrupted by a brief 

return to cooler conditions around 11,800 RCYBP. After this time there is no evidence of 

temperature conditions different from modem. A return to slightly moister conditions may 

have occurred between 13,000 and 12,000 RCYBP. During these moister conditions 

moisture levels were approximately moist sub-humid to humid. Throughout these climatic 

fluctuations the vegetation remained an open grassland with riparian woodlands. The soils 
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remained deep, well-developed, loamy and deeply rubified; however they were also 

becoming more shallow due to continued erosion. 

A marked drying occurred between 12,000 and 10,400 RCYBP. This drying 

resulted in the final extirpation of the most mesic adapted taxa. This drier period was 

followed by the moistest conditions for the Holocene. Beginning about 9000 RCYBP 

conditions began to dry out. This drying culminated in a period drier than modem which 

lasted from about 5000 RCYBP to 2500 RCYBP. 

Throughout this drying event the soils became shallower, drier and stonier. This led 

to the extirpation of a number of burrowing taxa. The vegetation remained an open 

grassland environment, although on the western and central Edwards Plateau it probably 

shifted to a short-grass or semi-desert shrub grassland. 

A brief return to moister condition occurred around 2500 to 2000 RCYBP. However, 

resumed drying and continued soil loss over the last approximately 1000 years have 

resulted in the modem environmental conditions. 



Appendix A -- Partial List Referred Specimens from Hall's Cave 

Ambystoma sp. 
41229-528, -4043, -4044, -4075, -4076, -4571, -4785, -4786, -4789, -4790, -5094, 

-5095, -5144, -5145, -5170, -5171, -5172, -5219, -5220, -5221, -5786, -5912, -5913, 
-6071, -6072, -6073, -8273, -9047, -9361, -9362, -9363, -9364, -9365, -9366, -9367, 
-9369, -9370, -9388, -9864, -10074, -10168, -10275, -10276, -10277, -10373, -10416, 
-10417, -10427, -10532, -10574, -10584, -10594, -10645, -10646, 10647, -10680, 
-10691, -10705, -10854, -10855, -10887, -10899, -10900, -10906, -10932, -10968, 
-10969, -10996, -10997, -11011, -11012, -11249, -11260, -11261, -11262, -11443, 
-11444, -11455, -11456, -11500, -11501, -11502, -11600, -11696, -11698, -11699, 
-11700 

?Baiomys taylori 
41229-11961 

Baiomys taylori 
41229-91, -92, -175, -247, -248, -249, -316, -317, -318, -367, -368, -418, -2884, -3698, 
-4868, -4869, -5255, -7400, -7709, -7723, -7724, -7725, -7726, -10737, -10738, -10776, 
-11953 

cf. Blarina 
41229-1265 

Blarina carolinensis 
41229-132, -165, -212, -213, -214, -300, -345, -346, -407, -408, -409, -452, -529, -536, 
-537, -538, -540, -597, -598, -599, -726, -727, -728, -729, -781, -785, -805, -840, -1066, 
-1215, -1216, -1247, -1256, -1374, -1375, -1376, -1377, -1378, -1379, -1381, -1439, 
-1440, -1549, -1733, -1734, -1735, -1736, -1738, -1766, -2365, -2366, -2367, -2368, 
-2369, -2618, -2700, -2782, -2834, -3323, -3324, -3364, -3365, -3366, -3368, -3531, 
-3803, -3804, -3859, -3947, -4021, -4053, -4054, -4055, -4056, -4057, -4474, -4475, 
-4476, -4477, -4478, -4479, -4480, -4481, -4482, -4483, -4484, -4485, -4486, -5100, 
-5160, -5210, -5404, -5781, -5782, -5783, -5784, -5787, -5788, -5789, -5790, -5791, 
-5792, -5793, -5794, -5939, -5940, -5941, -5942, -5992, -5994, -6063, -6064, -6065, 
-6093, -6094, -6095, -6096, -6097, -6180, -6239, -6529, -6585, -6850, -6851, -6852, 
-6853, -6854, -6855, -6856, -6857, -6919, -6920, -6921, -6931, -6932, -6933, -6934, 
-6935, -6940, -6941, -6942, -6943, -6944, -6945, -6946, -6947, -6948, -6949, -6950, 
-6965, -6966, -7026, -7027, -7028, -7029, -7030, -7031, -7032, -7034, -7035, -7036, 
-7040, -7041, -7042, -7043, -7044, -7045, -7046, -7047, -7623, -7624, -7625, -8098, 
-8099, -8942, -9017, -9086, -9087, -9088, -9090, -9091, -9092, -9093, -9094, -9095, 
-9096, -9097, -9098, -9099, -9100, -9101, -9102, -9103, -9104, -9105, -9106, -9107, 
-9108, -9109, -9110, -9407, -9408, -9474, -10281, -10375, -10376, -10377, -10414, 
-10467, -10468, -10524, -10657, -10818, -10827, -10828, -10829, -10830, -10831, 
-10832, -10871, -10878, -10918, -10944, -10961, -11045, -11046, -11047, -11048, 
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Blarina carolinensis (con't.) 
-11049, -11050, -11051, -11052, -11084, -11107, -11108, -11413, -11414, -11470, 
-11518, -11519, -11531, -11532, -11533, -11534, -11535, -11536, -11537, -11538, 
-11539, -11540, -11541, -11542, -11543, -11544, -11602, -11603, -11617, -11651, 
-11655, -11688, -11689, -12027, -12049, -12050, -12051, -12052, -12053, -12054, 
-12055 

Chaetodipus ? hispidus 
41229-10745 

Chaetodipus hispidus 
41229-16, -11. -18, -33, -34, -48, -49, -61, -62, -63, -64, -65, -66, -76, -n. -78, -95, -96, 
-97, -116, -111,120. -121, -155, -156, -157, -195, -196, -197, -198, -275, -276, -2n, -278, 
-279, -280, -281, -287, -329, -330, -331, -332, -333, -379, -380, -381, -382, -383, -384, 
-435, -436, -437, -438,-439, -479, -480, -481, -482, -1274, -1275, -1276, -1279, -1282, 
-1283, -1284, -1287, -1288, -1289, -1293, -1294, -1295, -1296, -1297, -1300, -1303, 
-1304, -1309, -1310, -1311, -1312, -1313, -1314, -1315, -1316, -1317, -1318, -1319, 
-1320, -1321, -1322, -1323, -1324, -1325, -1328, -1329, -1330, -1331, -1332, -1333, 
-1334, -1335, -1336, -1337, -1338, -1339, -1340, -1341, -1342, -1343, -1348, -1349, 
-1370, -1484, -1485, -1486, -1487, -1488, -1489, -1490, -1491, -1492, -1493, -1494, 
-1495, -1496, -1497, -1498, -1499, -1500, -1501, -1502, -1503, -1504, -1505, -1506, 
-1507, -1508, -1509, -1510, -1511, -1512, -1513, -1514, -1515, -1516, -1517, -1518, 
-1519, -1520, -1521, -1522, -1523, -1524, -1525, -1526, -1527, -1528, -1529, -1530, 
-1531, -1532, -1533, -1534, -1535, -1536, -1537, -1538, -1539, -1540, -1541, -1542, 
-1543, -1544, -1545, -1546, -1558, -1559, -1560, -1561, -1562, -1563, -1564, -1565, 
-1566, -1567, -1568, -1569, -1570, -1571, -1572, -1573, -1574, -1575, -1576, -1577, 
-1578, -1579, -1580, -1581, -1582, -1583, -1603, -1684, -1685, -1686, -1687, -1688, 
-1689, -1690, -1691, -1692, -1693, -1694, -1695, -1696, -1697, -1698, -1699, -1700, 
-1701, -1702, -1703, -1704, -1705, -1706, -1707, -1708, -1709, -1710, -1711, -1712, 
-1713, -1714, -1715, -1716, -1717, -1718, -1719, -1720, -1721, -1722, -1723, -1724, 
-1725, -1726, -1770, -1771, -1772, -1773, -1780, -1841 to -2228, -2356, -2357, -2533, 
-2534, -2535, -2536, -2537, -2573, -2574, -2575, -2576, -2577, -2578, -2579, -2580, 
-2581, -2582, -2583, -2584, -2585, -2586, -2589, -2590, -2591, -2592, -2608, -2639, 
-2640, -2641, -2642, -2643, -2644, -2645, -2646, -2647, -2648, -2649, -2650, -2651, 
-2652, -2653, -2654, -2655, -2656, -2657, -2658, -2659, -2660, -2661, -2662, -2663, 
-2664, -2665, -2666, -2667, -2668, -2669, -2670, -2671, -2672, -2702, -2703, -2704, 
-2705, -2706, -2707, -2708, -2709, -2748, -2749, -2760, -2761, -2762, -2763, -2764, 
-2789, -2837, -2838, -2839, -2872, -2914, -2915, -2916, -2961, -2988, -2989, -2990, 
-2991, -2992, -2993, -2994, -2995, -2996, -2997, -2998, -2999, -3000, -3001, -3002, 
-3009, -3045 to -3215, -3370, -3371, -3510, -3511, -3512, -3513, -3514, -3515, -3516, 
-3517, -3518, -3519, -3520, -3521, -3551, -3552, -3566, -3572, -3601, -3602, -3613, 
-3633, -3634, -3635, -3636, -3637, -3638, -3639, -3640, -3656, -3665, -3666, -3667, 
-3745, -3746, -3762, -3771, -3772, -3800, -3806, -3868, -3869, -3870, -3871, -3872, 
-3873, -3874, -3875, -3876, -3982, -3983, -3984, -3985, -4008, -4036, -4045, -4046, 
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Chaetodipus hispidus (con't.) 
-4080, -4081, -4133, -4134, -4135, -4136, -4137, -4138, -4139, -4140, -4141, -4142, 
-4143, -4144, -4145, -4146, -4147, -4148, -4155, -4156, -4157, -4223 to -4414, -4469, 
-4470, -4471, -4472, -4473, -4538, -4539, -4540, -4541, -4542, -4543, -4544, -4545, 
-4546, -4547, -4548, -4549, -4550, -4551, -4552, -4553, -4554, -4555, -4556, -4557, 
-4558, -4559, -4560, -4703, -4704, -4705, -4706, -4707, -4708, -4709, -4710, -4711, 
-4712, -4713, -4714, -4715, -4716, -4717, -4718, -4719, -4720, -4721, -4722, -4723, 
-4724, -4725, -4769, -4770, -4800, -4801, -4802, -4803, -4804, -4805, -4806, -4807, 
-4821, -4822, -4823, -4824, -4903 to -4947, -5044, -5045, -5046, -5047, -5048, -5049, 
-5050, -5066, -5067, -5068, -5148, -5149, -5150, -5151 , -5205, -5206, -5211, -5212, 
-5213, -5214, -5215, -5216, -5217, -5256, -5257, -5258, -5259, -5375, -5376, -5500 to 
-5707, -5850, -5851, -5852, -5853, -5854, -5855, -5856, -5857, -5858, -5859, -5860, 
-5861, -5862, -5863, -5875, -5876, -5877, -5878, -5894, -5895, -5896, -5897, -5898, 
-5899, -5900, -5901, -5902, -5903, -5904, -5905, -5906, -6200, -6201, -6202, -6203, 
-6204, -6205, -6206 6207, -6208, -6209, -6210, -6211, -6212, -6213, -6290, -6291, 
-6360, -6361, -6362, -6363, -6364, -6365, -6366, -6367, -6368, -6369, -6370, -6371, 
-6372, -6373, -6374, -6375, -6376, -6377, -6378, -6379, -6380, -6381, -6382, -6383, 
-6384, -6385, -6386, -6387, -6388, -6389, -6390, -6391, -6392, -6393, -6394, -6395, 
-6396, -6397, -6398, -6399, -6400, -6401, -6402, -6403, -6404, -6405, -6406, -6407, 
-6408, -6504, -6505, -6506, -6507, -6508, -6509, -6510, -6511, -6512, -6730, -6731, 
-6732, -6733, -6734, -6735, -6736, -6737, -6738, -6739, -6740, -6741, -6742, -6743 to 
-6817, -7089, -7096, -7098, -7099, -7100, -7121, -7122, -7123, -7146, -7159, -7160, 
-7161, -7162, -7163, -7164, -7165, -7166, -7218 to -7265, -7291, -7294, -7295, -7305, 
-7306, -7307, -7308, -7309, -7310, -7311, -7312, -7313, -7314, -7315, -7316, -7317, 
-7318, -7319, -7320, -7321, -7322, -7323, -7324, -7341, -7342, -7363, -7393, -7418, 
-7458, -7539 to -7586, -7729, -7730, -7731, -7732, -7813, -7814, -7964, -8069, -8129, 
-8130, -8131, -8132, -8133, -8160, -8161, -8162, -8163, -8170, -8201, -8221, -8222, 
-8223, -8224, -8253, -8254, -8255, -8256, -8257, -8377 to -8434, -8477, -8478, -8479, 
-8480, -8481, -8542 to -8682, -8807, -8808, -8809, -8810, -9248, -9249, -9250, -9251, 
-9252, -9506, -9524 to 9613, -9691 to 9804, -9828, -9833, -9834, -9835, -9836, -9837, 
-9838, -9839, -9891, -9956, -9957, -9958, -9959, -9960, -9961, -9962, -9963, -9964, 
-9965, -9966, -9967, -9968, -9969, -9970, -9971, -9972, -9973, -9974, -9975, -9976, 
-10038, -10039, -10040, -10071, -10072, -10094, -10095, -10096, -10097, -10098, 
-10099, -10100, -10101, -10102, -10103, -10104, -10131, -10132, -10133, -10134, 
-10135, -10136, -10137, -10138, -10245, -10246, -10247, -10248, -10249, -10304, 
-10305, -10306, -10338, -10339, -10340, -10341, -10342, -10343, -10344, -10394, 
-10658, -10659, -10660, -10661, -10662, -10663, -10682, -10739, -10740, -10741, 
-10742, -10743, -10744, -10746, -11088, -11089, -11119, -11120, -11205, -11206, 
-11290, -11525, -11526, -11527, -11528, -11529, -11530, -11680, -11681 

Cryptotis ? parva 
41229-6848, -6849 
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Cryptotis ct. parva 
41229-730, -3345, -5043, -5250, -5251, -6246, -9406 

Cryptotis parva 
41229-69, -70, -137, -168, -169, -218, -219, -220, -221, -222, -301, -302, -303, -304, 
-347, -348, -349, -410, -453, -530, -552, -571, -572, -573, -574, -580, -581, -582, -625, 
-636, -716, -731, -732, -733, -734, -784, -839, -860, -1007, -1029, -1059, -1060, -1061, 
-1063, -1064, -1065, -1166, -1255, -1257, -1258, -1259, -1260, -1261, -1262, -1263, 
-1264, -1353, -1380, -1550, -1551, -1737, -2361, -2362, -2363, -2364, -2386 to -2463, 
-2566, -2773, -2899, -2900, -2967, -3325, -3326, -3327, -3328, -3329, -3330, -3331, 
-3332, -3333,3341, -3342, -3343, -3344, -3346, -3347, -4083, -4120, -4121, -4493, 
-4494, -4495, -4496, -4497, -4498, -4499, -4500, -4501, -4502, -4503, -4504, -4505, 
-4506, -4507, -4508, -4509, -4510, -4808, -4809, -4852, -4853, -4854, -4855, -5195, 
-5245, -5246, -5247, -5248, -5249, -5726, -5727, -5728, -5779, -5780, -5872, -5873, 
-5884, -5885, -6089, -6142, -6143, -6144, -6173, -6174, -6175, -6176, -6177, -6178, 
-6179, -6243, -6244, -6245, -6303, -6527, -6528, -6584, -6634, -6659, -6694, -6829, 
-6830, -6831, -6832, -6833,6834, -6835, -6836, -6837, -6838, -6839, -6840, -6841, 
-6842, -6843, -6844, -6845, -6846, -6847, -6873, -6893, -6894, -6895, -6896, -6897, 
-6898, -6899, -6900, -6901, -6902, -6903, -6904, -6905, -6906, -6907, -6908, -6909, 
-6910, -6911, -6912, -6913, -6914, -6915, -6916, -6917, -6918, -6922, -6923, -6924, 
-6925, -6930, -6967, -6968, -6969, -6970, -6971, -6973, -6979, -6984, -6985, -6991 to 
7024, -7033, -7052, -7053, -7054, -7055, -7056, -7057, -7058, -7059, -7060, -7061, 
-7062, -7063, -7064, -7065, -7066, -7067, -7068, -7069, -7150, -7151, -7409, -7410, 
-7411, -7412, -8283, -8284, -8456, -8457, -8458, -8459, -8941, -8943, -8944, -8945, 
-8946, -8947, -8948, -8949, -8950, -8951, -8952, -8953, -8954, -8955, -8956, -8957, 
-8958, -8959, -8961, -8996, -9089, -9121 to 9158, -9216, -9217, -9218, -9219, -9220, 
-9221, -9222, -9223, -9228, -9245, -9246, -9247, -9356, -9357, -9358, -9359, -9360, 
-9378, -9397, -9398, -9399, -9400, -9401, -9402, -9403, -9404, -9405, -9449 to 9473, 
-9852, -9871, -10015, -10088, -10120, -10171, -10172, -10173, -10174, -10175, 
-10176, -10464, -10465, -10466, -10480, -10481, -10482, -10483, -10484, -10485, 
-10486, -10487, -10513, -10514, -10515, -10516, -10517, -10518, -10526, -10774, 
-10814, -10815, -10817, -10824, -10825, -10826, -10856, -10960, -11085, -11086, 
-11471, -11481, -11585, -11601, -11604, -11618, -11619, -11620, -11621, -11622, 
-11652, -12045, -12046, -12047, -12048 

Eptesicus ? fuscus 
41229-4050 
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Eptesicus fuscus 
41229-393, -394, -395, -522, -523, -541, -542, -543, -544, -545, -546, -547 548, -589, 
-605,, 606, -607, -608, -609, -632, -652, -653, -654, -655, -872, -897, -1073, -1074, 
-1075, -1076, -1077, -1191, -1385 to -1428, -1430, -1455, -1739, -1740, -1741, -1742, 
-1743, -1760, -1761, -1776, -1777, -1778, -1786, -1787, -1788, -2521, -2522, -2682, 
-2683, -2684, -2685, -2686, -2687, -2688, -2689, -2690, -2691, -2692, -2693, -2694, 
-2696, -2717, -2733, -2783, -2784, -2854, -2855, -2856, -2857, -2858, -2859, -2860, 
-3377 to -3422, -3424, -3432, -3444, -3445, -3446, -3447, -3448, -3449, -3450, -3451, 
-3452, -3453, -3454, -3544, -3569, -3827, -3828, -3829, -3830, -3831, -3832, -3833, 
-3834, -3835, -3836, -3837, -3885 to -3914, -3945, -3946, -3959, -3960, -3961, -3962, 
-3963, -3964, -3965, -3966, -3967, -3968, -3969, -3970, -3971, -3972, -3973, -4022, 
-4023, -4024, -4025, -4048, -4049, -5128, -5129, -5130, -5131, -5132, -5133, -5405, 
-5406, -5407, -5408, -5409, -5415 to -5431, -5457, -5458, -5459, -5738, -5739, -5740, 
-5741, -5742, -5743, -5744, -5745, -5746, -5747, -5748, -5749, -5750, -5751, -5752, 
-5753, -5754, -5755, -5756, -5757, -5758, -5766, -5767, -5768, -5769, -5770, -5771, 
-5796 to -5835, -5943, -5944, -5945, -5946, -5974, -5975, -5976, -5977, -5978, -5979, 
-5980, -5981, -5982, -5989, -6006 to 6056, -6080, -6081, -6082, -6083, -6084, -6098 to 
-6127, -6154, -6155, -6156, -6157, -6158, -6159, -6162, -6247 to -6279, -6515, -6593, 
-6594, -6595, -6596, -6597, -6598, -6599, -6600, -6667, -6668, -6669, -6670, -6671, 
-6672, -6936, -7148, -7149, -8055, -8100, -8101, -8102, -8103, -10162, -10412, -10413, 
-10470, -10552, -10553, -10554, -10555, -10556, -10557, -10868, -10930, -11005, 
-11057, -11058, -11059, -11060, -11061, -11062, -11063, -11064, -11065, -11066, 
-11067, -11068, -11069, -11070, -11071, -11072, -11073, -11087, -11163, -11164, 
-11165, -11166, -11167, -11168, -11169, -11170, -11171, -11198, -11199, -11200, 
-11201, -11202, -11242, -11264, -11286, -11287, -11303, -11304, -11305, -11356, 
-11406, -11415, -11416, -11417, -11418, -11419, -11420, -11421, -11432, -11433, 
-11457, -11550, -11551, -11552, -11553, -11554, -11555, -11556, -11557, -11558, 
-11559, -11560, -11561, -11562, -11563, -11564, -11565, -11566, -11567, -11755to 
11782, -11917 

? Geomys 
41229-8063, --11282 

Geomys 
41229-153, -193, -194, -265, -266, -267, -268, -269, -270, -327, -328, -375, -376, -377, 
-378, -432, -433, -434, -477, -478, -908, -950, -1017, -1446, -1447, -1448, -1449, -1450, 
-1451, -1452, -1453, -1454, -1586, -1587, -1588, -1589, -1769, -1790, -2619, -2620, 
-2621, -2622, -2679, -2680, -2681, -2842, -2843, -2844, -2925, -2946, -2979, -3375, 
-3376, -3433, -3505, -3506, -3507, -3563, -3564, -3576, -3712, -3735, -3748, -3749, 
-3750, -3756, -3757, -3843, -3844, -3863, -3864, -3865, -4160, -4161, -4162,4163, 
-4677, -4678, -4679, -4680, -4681, -4682, -4683, -4684, -4690, -4691, -4989, -4990, 
-4991, -4992, -5106, -5125, -5126, -5127, -5135, -5201, -5202, -5203, -5240, -5241, 
-5289, -5403, -5972, -6135, -6225, -6229, -6546, -6547, -6548, -6549, -6563, -6587, 
-6588, -6589, -6590, -6866, -6867, -6868, -6869, -6870, -6871, -6872, -7348, -7349, 
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Geomys (con't.) 
-7350, -7351, -7472, -7473, -7497 to 7532, -7645, -7758, -7759, -7760, -7761, -7762, 
-8008, -8013, -8014, -8019, -8020, -8021, -8022, -8023, -8024, -8025, -8026, -8027, 
-8032, -8034, -8035, -8036, -8037, -8038, -8039, -8040, -8041, -8042, -8044, -8045, 
-8046, -8047, -8048, -8049, -8050, -8051, -8052, -8080, -8290, -8357 to 8376, -8460, 
-8461, -8462, -8463, -8464, -8473, -8910, -8911, -9410, -9414, -9415, -9416, -9417, 
-9418, -9419, -9420, -9421, -9422, -9423, -9424, -9425, -9426, -9427, -9428, -9429, 
-9430, -9476, -9477, -9478, -9479, -9485, -9486, -9487, -9488, -9489, -9490, -9491, 
-9492, -9493, -9494, -9883, -9884, -9885, -9886, -9887, -9890, -9936, -9937, -9938, 
-9939, -9940, -9941, -9942, -9943, -10035, -10057, -10078, -10079, -10080, -10186, 
-10187, -10264, -10274, -10292, -10293, -10309, -10359, -10360, -10361, -10374, 
-10382, -10383, -10409, -10410, -10411, -10448, -10451, -10475, -10506, -10507, 
-10508, -10509, -10510, -10511, -10528, -10529, -10530, -10531, -10536, -10537, 
-10538, -10539, -10540, -10541, -10563, -10610, -10611, -10690, -10837, -10838, 
-10839, -10840, -10841 , -10842, -10843, -10844, -10845, -10846, -10847, -10848, 
-10849, -10850, -10851, -10873, -10874, -10904, -10973, -10974, -10975, -10987, 
-10988, -11121, -11122, -11123, -11124, -11125, -11126, -11127, -11128, -11143, 
-11193, -11248, -11277, -11280, -11281, -11294, -11295, -11448, -11449, -11568, 
-11569, -11587, -11588, -11589, -11590, -11606, -11607, -11608, -11636, -11637, 
-11638, -11639, -11640, -11641, -11642, -11931 

Geomys or Thomomys 
41229-3661, -3685, -3686, -3687, -3688, -3689, -3716, -3717, -3718, -3719, -3720, 
-3761, -3866, -3867, -4165, -4166, -4673, -4674, -4675, -4676, -4689, -4984, -4985, 
-4986, -4987, -4988, -5123, -5124, -5197, -5198, -5199, -5200, -5242, -5243, -6059, 
-6075, -6076, -6545, -6586, -7103, -7104, -7105, -7106, -7107, -7130, -7303, -7404, 
-7533, -7534, -7535, -7536, -7537, -7538,7763, -8029, -8030, -8043, -8154, -8155, 
-8908, -8909, -10190, -10445, -10446, -10447, -10542, -10543, -10544, -10545, -11234 

? Lepus 
41229-4020, -4219, -7636, -10546 

Lepus californicus 
41229-4, -57, -72, -224, -225, -305, -306, -350, -351, 352, -411 , -694, -704, -710, -722, 
-723, -743, -744, -827, -850, -855, -885, -891, -931, -933, -949, -970, -999, -1051, -1100, 
-1144, -1145, -1146, -1147, -1148, -1150, -1165, -1267, -1285, -1286, -1290, -1305, 
-1351, -1356, -1477, -1478, -1600, -1727, -1728, -1821, -2529, -2545, -2557, -2558, 
-2559, -2563, -2593, -2609, -2791, -2792, -2793, -2794, -2795, -2796, -2815, -2846, 
-2874, -2875, -2876, -2893, -2894, -2897, -2980, -3662, -4096, -4097, -4218, -4570, 
-4871, -5009, -5010, -5191, -5222, -5293, -5302, -6322, -7135, -7431, -7432, -7433, 
-7434, -7435, -7444, -7446, -7459, -7460, -7461, -7462, -7635, -7792, -8033, -8092, 
-8096, -8150, -8156, -8184, -8185, -8241, -8242, -8472, -9324, -9413, -9512, -9513, 
-9514, -9805, -9915, -9944, -10128, -10188, -10196, -10197 
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Lepus ? califomicus 
41229-9240 

Microtus ? ochrogaster 
41229-10605 

Microtus cf. M. ochrogaster 
41229-1214, -2492, -2493, -2494, -2495, -2526, -2747, -2863, -4861, -5137, -5209, 
-5410, -5411, -8442, -10356 

Microtus ochrogaster 
41229-532, -533, -569, -603, -630, -633, -634, -650, -714, -715, -843, -871, -976, -1767, 
-2637, -2638, -3018, -3316, -3461, -3463, -3464, -3465, -3466, -3467, -3468, -3469, 
-3470, -3482, -3483, -3484, -3485, -3486, -3487, -3488, -3523, -3554, -3808,3809, 
-3949, -3950, -3951, -3952, -4062, -4585, -4586, -4587, -4588, -4589, -4590, -4609, 
-4610, -4611, -4612, -4613, -4614, -4615, -4616, -4617, -4618, -4619, -4620, -4621, 
-4693, -4694, -4775, -4860, -5097, -5230, -5231, -5759, -5760, -5761,5762, -5869, 
-5888, -5931, -5932, -5933, -5934, -5935, -6004, -6235, -8105, -8440, -9180, -9181, 
-9182, -9183, -9184, -9185, -9186, -9188, -9209, -9210, -9211, -9212, -9213, -9480, 
-9481, -9495, -9946, -9947, -10418, -10604, -10606, -10648, -10649, -10650, -10651, 
-10782, -10783, -10896, -10897, -10910, -10911, -10991, -10992, -10993, -11097, 
-11098, -11153, -11154, -11155, -11156, -11157, -11158, -11159, -11160, -11161, 
-11162, -11226, -11227, -11265, -11272, -11328, -11686, -11691, -11692, -11992, 
-11993, -11994, -11995, -11996, -11997, -11998, -11999, -12001, -12007, -12008, 
-12011, -12012, -12013, -12014, -12057, -12058, -12059, -12060, -12061, -12062, 
-12063, 12064 

Microtus ochrogaster or pinetorum 
41229-30, -185, -186, -187, -188, -189, -256, -259, -260, -261, -262, -263, -264, -321, 
-322, -323, -324, -325, -369, -370, -371, -372, -373, -430, -431, -475, -476, -600, -601, 
-604, -764, -765, -766, -773, -774, -775, -780, -810, -811, -812, -813, -814, -815, -816, 
-817, -818, -819, -830, -847, -869, -870, -947, -992, -1003, -1004, -1013, -1103, -1104, 
-1108, -1109, -1121, -1187, -1236, -1238, -1239, -1240, -1241, -1281, -1481, -1584, 
-1585, -1802, -1806, -1808, -2488, -2489, -2490, -2491, -2569, -2674, -2677, -2743, 
-2744, -2745, -3019, -3020, -3021, -3022, -3024, -3025, -3026, -3317, -3471, -3472, 
-3480, -3489, -3490, -3491, -3492, -3493, -3494, -3495, -3496, -3497, -3555, -3556, 
-3754, -3810, -3811, -3812, -3813, -3814, -3815, -3816, -3817, -3818, -3953, -3954, 
-4034, -4060, -4061, -4592, -4593, -4594, -4595, -4596, -4597, -4598, -4599, -4600, 
-4601, -4602, -4622, -4625, -4626, -4627, -4628, -4816, -4862, -5098, -5099, -5138, 
-5139, -5208, -5234, -5236, -5763, -5870, -5953, -5954, -5955, -5956, -5957, -5999, 
-6068, -6236, -6237, -6238, -7793, -8106, -8272, -8441, -8444, -9162, -9166, -9167, 
-9168, -9169, -9170, -9171, -9172, -9173, -9174, -9198, -9199, -9200, -9201, -9202, 
-9203, -9482, -9496, -9949, -9950, -10090, -10562, -10628, -10629, -10637, -10786, 
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Microtus ochrogasteror pinetorum (con't.) 
-10908, -10909, -11027, -11208, -11209, -11266, -11267, -11276, -11302, -11468, 
-11694, -11701, -11702, -12004, -12005, -12006, -12015 

Microtus cf. M. pinetorum 
41229-1237, -1796, -1800, -2496, -2746, -2862, -3955, -4035, -5232, -5233, -9160, 
-10784, -10785 

Microtus pinetorum 
41229-11, -152, -257, -258, -427, -428, -429, -473, -474, -591, -593, -594, -595, -602, 
-631, -647, -648, -649, -770, -771, -772, -806, -807, -829, -842, -1102, -1153, -1244, 
-1245, -1480, -2567, -2710, -2776, -3017, -3462, -3481, -3524, -3752, -3753, -3807, 
-4063, -4591, -4605, -4606, -4607, -4608, -4776, -4m, -4815, -4857, -4859, -5136, 
-5158, -5868, -5928, -5929, -5930, -5959, -6000, -6001, -6067, -6148, -6167, -7452, 
-9161, -9175, -9176, -9177, -9178, -9179, -9214, -9215, -9948, -10272, -10561, -10907, 
-10994, -11096, -11228, -11924, -11983, -11984, -11985, -11986, -11987, -11988, 
-11989, -11990, -11991, -12016, -12065 

Myotis ? velifer 
41229-3937, -5447, -5455, -5469, -5476, -5484, -5720, -6137, -6168, -7139, -9932, 
-11331 

Myotis cf. velifer 
41229-4567, -4568, -5396, -5397, -5716 

Myotis velifer 
41229-2, -3, -23, -36, -104, -127, -128, -129, -130, -209, -396, -397, -404, -550, -551, 
-553, -554, -555, -558, -560, -561, -562, -563, -564, -565, -566, -575, -585, -586, -587, 
-588, -610, -611, -612, -613, -614, -615, -616, -617, -637, -638, -639, -641, -668, -669, 
-670, -671, -678, -685, -693,707, -708, -768, -769, -776, -777, -778, -786, -787, -788, 
-789, -790, -793, -801, -802, -821, -822, -823, -832, -833, -851, -898, -899, -942, -944, 
-978, -979, -1000, -1025, -1036, -1037, -1038, -1057, -1058, -1084, -1085, -1086, -1087, 
-1088, -1114, -1115, -1127, -1128, -1129, -1154, -1155, -1167, -1168, -1169, -1170, 
-1171, -1172, -1173, -1192, -1193, -1194, -1195, -1196, -1197, -1198, -1199, -1200, 
-1201, -1202, -1203, -1211, -1212, -1213, -1227, -1228, -1229, -1230, -1231, -1232, 
-1429, -1753, -1754, -1755, -1756, -1779, -1789, -1817, -1818, -1819, -2520, -2523, 
-2524, -2555, -2556, -2601, -2675, -2695, -2697, -2716, -2718, -2719, -2720, -2721, 
-2722, -2726, -2730, -2734, -2735, -2768, -2769, -2770, -2785, -2861, -2950, -2971, 
-2972, -2973, -2974, -2975, -2976, -3349, -3350, -3423, -3609, -3774, -3775, -3776, 
-3777, -3778, -3779, -3780, -3838, -3930, -3931, -3932, -3933, -3934, -3935, -3936, 
-3979, -3981, -4051, -4052, -4084, -4085, -4122, -4123, -4124, -4564, -4565, -4566, 
-4729, -4810, -4811, -4856, -5035, -5036, -5037, -5038, -5134, -5194, -5252, -5253, 
-5395, -5399, -5400, -5413, -5414, -5432, -5433, -5434, -5435, -5438, -5439, -5440, 
-5441, -5442, -5443, -5444, -5445, -5446, -5448, -5449, -5450, -5451, -5452, -5453, 
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Myotis velifer (con't.) 
-5454, -5460, -5461, -5462, -5463, -5464, -5465, -5466, -5467, -5468, -5471, -5472, 
-5473, -5474, -5481, -5482, -5483, -5485, -5486, -5487, -5494, -5495, -5496, -5497, 
-5498, -5708, -5709, -5710, -5711, -5712, -5713, -5714, -5715, -5717, -5719, -5729, 
-5730, -5731, -5733, -5734, -5735, -5736, -5737, -5n4, -5775, -5776, -5n7, -5836, 
-5837, -5838, -5839, -5840, -5841, -5985, -5990, -608, -6130, -6131, -6132, -6133, 
-6134, -6136, -6138, -6139, -6149, -6150, -6160, -6161, -6164, -6165, -6166, -6184, 
-6185, -6186, -6187, -6188, -6189, -6190, -6191, -6226, -6227, -6228, -6230, -6231, 
-6232, -6233, -6234, -6281, -6308, -6309, -6310, -6311, -6312, -6313, -6314, -6516, 
-6518, -6519, -6520, -6564 to 6582, -6604, -6605, -6606, -6616, -6617, -6618, -6619, 
-6620, -6621, -6622, -6623, -6632, -6636, -6637, -6638, -6639, -6640, -6641, -6642, 
-6643, -6645, -6646, -6647, -6648, -6649, -6650, -6651, -6652, -6653, -6660, -6661, 
-6662, -6663, -6664, -6665, -66n, -6678, -6679, -6680, -6681, -6682, -6683, -6696 to 
6722, -6859, -6860, -6861, -6874. -6974, -6975, -69n, -6978, -1012. -1013, -1015, 
-7076, -1on. -7078, -7079, -7080, -7081, -1002, -7083, -7084, -7086, -1121. -7128, 
-7136, -7137, -7138, -7142, -7215, -7338, -7339, -8118, -8119, -8913, -8914, -8915, 
-8916, -8917, -8918, -8919, -8920, -8921, -8922, -8923, -8924, -8925, -8926, -8927, 
-8930, -8931, -8932, -8933, -8934, -8935, -8937, -8938, -8939, -8940, -8993, -9019, 
-9020, -9229, -9230, -9231, -9232, -9233, -9234, -9235, -9373, -9374, -9375, -9376, 
-9377, -9384, -9385, -9386, -9818, -9847, -9854, -9855, -9856, -9857, -9858, -9872, 
-9873, -9874, -9875, -9876, -9877, -9878, -9879, -9880, -9910, -9911, -9922, -9923, 
-9924, -9925, -9926, -9927, -9928, -9929, -9930, -9931, -10043, -10044, -10045, 
-10046, -10047, -10048, -10049, -10081, -10082, -10083, -10084, -10085, -10086, 
-10087, -10119, -10169, -10219, -10452, -10453, -10454, -10455, -10456, -10457, 
-10458, -10459, -10460, -10477, -10478, -10479, -10533, -10534, -10535, -10559, 
-10560, -10794, -10888, -10889, -10950, -11099, -11174, -11175, -11176, -11177, 
-11178, -11179, -11180, -11285, -11292, -11306, -11307, -11308, -11309, -11310, 
-11311, -11312, -11313, -11314, -11315, -11316, -11317, -11318, -11319, -11333 to 
11355, -11359 to 11405, -11408, -11409, -11412, -11422, -11423, -11424, -11425, 
-11426, -11427, -11428, -11429, -11445, -11546, -11547, -11548, -11549, -11612, 
-11613, -11614, -11615, -11616, -11645, -11646, -11648, -11649, -11650, -11656, 
-11657, -11676, -116n, -11678, -11706 to 11742, -11784 to 11828, -11830 to 11915, 
-12033, -12034, -12035, -12036, -12037, -12038 

Neotoma sp. 
41229-7, -8, -9, -10, -29, -41, -42, -55, -59, -60, -73, -83, -84, -85, -105, -106, -107, -108, 
-109, -115, -139, -141, -142, -143, -144, -170, -171, -190, -191, -229, -230, -231, -232, 
-233, -234, -307, -308, -309, -326, -353, -354,355, -356, -412, -413, -414, -415, -457, 
-458, -459, -460, -2866, -2867, -2868, -2869, -2870, -2871, -2891, -2901, -2902, -2903, 
-2904, -2905, -2906, -2907, -2908, -2909, -2910, -2911, -2912, -2947, -2948, -2949, 
-2959, -2977, -2978, -3318, -3319, -3320, -3321, -3322, -3437, -3438, -3439, -3508, 
-3509, -3532, -3533, -3534, -3577, -3578, -3579, -3580, -3581, -3582, -3583, -3584, 
-3585, -3586, -3587, -3588, -3589, -3590, -3591, -3592, -3593, -3594, -3595, -3596, 
-3614, -3615, -3617, -3618, -3619, -3620, -3621, -3622, -3623, -3624, -3625, -3626, 
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Neotoma sp. (con't.) 
-3627, -3628, -3629, -3630, -3631, -3632, -3668, -3669, -3670, -3671, -3672, -3673, 
-3674, -3675, -3676, -3677, -3678, -3679, -3680, -3681, -3682, -3683, -3684, -3721, 
-3722, -3723, -3724, -3725, -3726, -3727, -3728, -3747, -3755, -3758, -3759, -3760, 
-3769, -3822, -3823, -3878, -3948, -3989, -3990, -3991, -3992, -3993, -3994, -3995, 
-3996, -3997, -3998, -3999, -4000, -4001, -4002, -4005, -4038, -4039, -4064, -4065, 
-4089, -4090, -4091, -4092, -4093, -4094, -4095, -4168 to -4196, -4630, -4631, -4632, 
-4633, -4634, -4635, -4636, -4637, -4638, -4639, -4640, -4641, -4642, -4643, -4732, 
-4733, -4734, -4735, -4736, -4737, -4738, -4739, -4740, -4741, -4742, -4743, -4744, 
-4745, -4746, -4747, -4748, -4759, -4760, -4761, -4762, -4763, -4771, -4791, -4825, 
-4872, -4873, -4874, -4875, -4876, -4877, -4878, -4879, -4880, -4881, -4882, -4883, 
-4884, -4885, -4886, -4887, -4888, -4889, -4890, -4891, -4892, -4893, -4894, -5018 to 
-5034, -5069, -5070, -5071, -5072, -5096, -5161, -5162, -5163, -5164, -5189, -5204, 
-5351, -5352, -5353, -5354, -5355, -5356, -5357, -5358, -5359, -5360, -5361, -5362, 
-5369, -5370, -5371, -5372, -5373, -5374, -5889, -5890, -5891, -5892, -5893, -5961, 
-5962, -5963, -5997, -6057, -6058, -6331 to-6351, -7109, -7110, -7111, -7118, -7119, 
-7120, -7154, -7155, -7156, -7288, -7289, -7290, -7380, -7381, -7382, -7383, -7384, 
-7385, -7386, -7387, -7390, -7391, -7392, -7426, -7427, -7453, -7454, -7456, -7457, 
-7587 to -7622, -7639, -7640, -7648, -7655, -7656, -7657, -7658, -7659, -7660, -7661, 
-7662, -7663, -7664, -7671, -7672, -7673, -7674, -7675, -7808, -7809, -7810, -7954, 
-7955, -7956, -7957, -7958, -8064, -8070, -8071, -8072, -8073, -8074, -8075, -8076, 
-8141, -8142, -8143, -8144, -8145, -8146, -8147, -8148, -8149, -8152, -8187, -8188, 
-8189, -8190, -8191, -8192, -8193, -8196, -8197, -8198, -8199, -8229, -8230, -8231, 
-8232, -8233, -8234, -8235, -8258, -8259, -8300, -8301, -8302, -8303, -8304, -8305, 
-8306, -8307, -8308, -8309, -8310, -8494 to -8509, -8821, -8822, -8823, -8824, -8825, 
-8986, -8987, -8988, -8989, -9306, -9307, -9308, -9309, -9310, -9311, -9312, -9313, 
-9314, -9315, -9316, -9317, -9318, -9319, -9338, -9339, -9340, -9341, -9342, -9343, 
-9344, -9345, -9346, -9347, -9507, -9984, -9985, -9992, -9993, -9994, -9995, -9996, 
-10025, -10026, -10154, -10155, -10156, -10164, -10227, -10228, -10229, -10230, 
-10232, -10233, -10254, -10255, -10256, -10257, -10263, -10294, -10301, -10302, 
-10303, -10317to 10337, -10384, -10569, -10570, -10572, -10576, -10577, -10578, 
-10579, -10580, -10592, -10593, -10681, -10694, -10695, -10762, -10763, -10764, 
-10765, -10766, -10767, -10768, -10769, -10770, -10771, -10772, -10976, -10977, 
-10978, -11013, -11014, -11115, -11116, -11117, -11118, -11190, -11191, -11221, 
-11222, -11263, -11293, -11320, -11321, -11441, -11450, -11503, -11504, -11505, 
-11506, -11507, -11508, -11509, -11510, -11593, -11594, -11595, -11596, -11609, 
-11634, -11932 

Notiosorex ? crawfordi 
41229-8971 

Notiosorex cf. crawfordi 
41229-1186 
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Notiosorex crawfordi 
41229-1, -21, -22, -81, -133, -134, -135, -136, -166, -167, -215, -216, -217, -223, -299, 
-343, -344, -405, -406, -450, -451, -539, -568, -570, -576, -Sn, -578, -579, -583, -584, 
-596, -635, -695, -711, -712, -791, -792, -967, -968, -969, -1006, -1030, -1031, -1032, 
-1033, -1034, -1035, -1062, -1130, -1246, -1250, -1456, -2358, -2359, -2360, -2370, 
-2371, -2372, -2373, -2374, -2375, -2376, -2377, -2378, -2379, -2380, -2381, -2382, 
-2383, -2384, -2385, -2464, -2465, -2466, -2467, -2468, -2469, -2699, -2n1, -2112, 
-2968, -2969, -3334, -3335, -3336, -3337, -3338, -3339, -3340, -3367, -3856, -3857, 
-3858, -3980, -4487, -4488, -4489, -4490, -4491, -4492, -4561, -4686, -4846, -4847, 
-4848, -4849, -4850, -4851, -5041, -5042, -5244, -5398, -5477, -5479, -5480, -5489, 
-5721, -5722, -5723, -5724, -5725, -5874, -6090, -6091, -6151, -6169, -6170, -6171, 
-6172, -6194, -6195, -6196, -6197, -6198, -6199, -6214, -6215, -6216, -6217, -6218, 
-6219, -6220, -6221, -6222, -6240, -6241, -6242, -6304, -6305, -6306, -6521, -6522, 
-6523, -6524, -6525, -6526, -6583, -6633, -6654, -6655, -6656, -6657, -6658, -6674, 
-6675, -6676, -6684, -6685, -6686, -6687, -6688, -6689, -6690, -6691, -6692, -6693, 
-6704, -6705, -6819, -6820, -6821, -6822, -6823, -6824, -6825, -6826, -6827, -6828, 
-6883, -6884, -6885, -6886, -6887, -6888, -6889, -6890, -6891, -6892, -6926, -6927, 
-6928, -6929, -6937, -6938, -6939, -6951, -6952, -6953, -6954, -6955, -6956, -6957, 
-6958, -6959, -6962, -6963, -6964, -6980, -6981, -6982, -6983,6986, -6987, -6988, 
-6989, -6990, -7025, -7037, -7038, -7039, -7048, -7049, -7050, -7051, -7070, -7071, 
-7097, -7125, -7126, -7152, -7174, -7199, -7200, -7201, -7202, -7203, -7204, -7205, 
-7206, -7207, -7208, -7209, -7210, -7211, -7212, -7213, -7347, -7408, -8057, -8108, 
-8109, -02n, -8278, -8279, -0200. -0201, -0202, -8936, -8960, -8962, -8963, -8964, 
-8965, -8966, -8967, -8968, -8969, -8970, -9077, -9078, -9079, -9080, -9081, -9082,, 
9083, -9084, -9085, -9111, -9112, -9113, -9114, -9115, -9116, -9117, -9118, -9119, 
-9120, -9224, -9225, -9226, -9227, -9244, -9348, -9349, -9350, -9351, -9352, -9353, 
-9354, -9355, -9372, -9379, -9380, -9381, -9387, -9389, -9390, -9391, -9392, -9393, 
-9394, -9395, -9396, -9431 to -9448, -9475, -9850, -9851, -9860, -9861, -9862, -9870, 
-9898, -9899, -9901, -9920, -9933, -10042, -10089, -10170, -10200 to -10216, -10423, 
-10424, -10425, -10426, -10463, -10476, -10488, -10489, -10490, -10491, -10492, 
-10493, -10494, -10495, -10496, -10497, -10498, -10499, -10500, -10501, -10519, 
-10520, -10521, -10522, -10523, -10521, -10568, -10n3, -10016, -10019, -10020. 
-10821, -10822, -10823, -10857, -10858, -10859, -10860, -10861, -10862, -11332, 
-11434, -11473, -11474, -11475, -11476, -11477, -11478, -11479, -11482 to -11498, 
-11570, -11571, -11572, -11573, -11574, -11575, -11576, -11577, -11578, -11579, 
-11580, -11581, -11582, -11583, -11584, -11623, -11624, -11643, -11653, -11654, 
-11659 to -11675, -11705, -11829 

Onychomys 
41229-315, -8874, -10872, -11189, -11218, -11270, -11291 

Onychomys ? leucogaster 
41229-10685, -11586 
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Onychomys cf. leucogaster 
41229-4167 

Onychomys leucogaster 
412229-90, -110, -172, -173, -174, -243, -244, -245, -246, -314, -364, -365, -419, -2864, 
-2958, -2960, -3011, -3012, -3013, -3014, -3039, -3040, -3041, -3042, -3043, -3525, 
-3567, -3571, -3606, -3607, -3664, -3729, -3740, -4158, -4159, -4512 to 4727, -4812, 
-4813, -4814, -4820, -4863, -4864, -4865, -4866, -4867, -5073, -5074, -5075, -5076, 
-5113, -5228, -5229, -5235, -6324, -6353, -6354, -6554, -6555, -7113, -7114, -7115, 
-7116, -7117, -7266, -7267, -7268, -7269, -7270, -7271, -7272, -7273, -7274, -7275, 
-7276, -7292, -7293, -7296, -7297, -7448, -7489, -7490, -7491, -7568, -7569, -7570, 
-7571, -7572, -7652, -7676, -7677, -7678, -7679, -7680, -8078, -8172, -8173, -8174, 
-8311, -8312, -8313, -8314, -8315, -8316, -8317, -8318, -8319, -8320, -8321, -8476, 
-8811, -8812, -8813, -8814, -8815, -8816, -8817, -8818, -8819, -8820, -8871, -8872, 
-8873, -9295, -10050, -10117, -10118, -10473, -10607, -10613, -10614, -10632, 
-10668, -10731, -10732, -11936, -11937, -11938, -11939, -11940, -11941, -11942, 
-11951, -11952, -11956, -11967, -11970, -11975 

Perognathus flavescens or flavus 
41229-14, -15, -31, -32, -44, -45, -46, -47, -67, -68, -79, -98, -99, -118, -119, -158, -159, 
-199, -200, -201, -282, -283, -284, -285, -286, -1547, -1616 to -1683, -2229 to 2355, 
-2880, -2881, -2882, -2883, -2917, -2918, -2919, -2920, -2921, -2922, -2923, -2924, 
-3216 to 3315, -3573, -3574, -3597, -3598, -3599, -3600, -3604, -3641, -3642, -3763, 
-3986, -4006, -4007, -4082, -4149, -4150, -4151, -4152, -4153, -4154, -4695, -4696, 
-4697, -4698, -4699, -4700, -4701, -4702, -4795, -4796, -4797, -4798, -4799, -4948 to 
4983, -5051, -5052, -5053, -5054, -5055, -5056, -5057, -5058, -5059, -5060, -5061, 
-5062, -5063, -5064, -5065, -5077, -5260 to 5288, -5313 to 5343, -5377, -5378, -5379, 
-5380, -5381, -5382, -5383, -5384, -5385, -5386, -5879, -5880, -5881, -5882, -5883, 
-6292, -6293, -6409, -6410 to 6503, -6544, -7090, -7129, -7143, -7144, -7147, -7157, 
-7158, -7167, -7168, -7169, -7170, -7171, -7172, -7173, -7175, -7176, -7177, -7325, 
-7326, -7327, -7328, -7329, -7330, -7331, -7332, -7333, -7334, -7335, -7336, -7337, 
-7343, -7344, -7345, -7346, -7364, -7365, -7366, -7367, -7368,7369, -7370, -7371, 
-7372, -7373, -7374, -7375, -7376, -7377, -7394, -7395, -7415, -7416, -7417, -7475, 
-7476, -7477, -7478, -7479, -7480, -7481, -7482, -7483, -7484, -7485, -7486, -7487, 
-7649, -7733, -7734, -7735, -7736, -7737, -7738, -7739, -7740, -7741, -7742, -7743, 
-7744, -7745, -7746, -7815 to 7934, -7959 to 8007, -8121, -8122, -8123, -8124, -8125, 
-8126, -8127, -8128, -8134, -8164, -8165, -8166, -8167, -8168, -8169, -8225, -8226, 
-8249, -8250, -8251, -8252, -8412, -8413, -8414, -8415, -8416, -8482, -8683 to 8806, 
-8972, -8973, -8974, -8975, -9253 to 9294, -9614 to 9690, -9840, -9841, -9842, -9843, 
-9844, -9845, -9846, -9977, -9978, -9979, -9980, -9981, -10041, -10065, -10066, 
-10067, -10068, -10069, -10070, -10105, -10106, -10107, -10108, -10109, -10110, 
-10111, -10112, -10113, -10114, -10115, -10116, -10139, -10140, -10141, -10142, 
-10143, -10144, -10145, -10146, -10147, -10148, -10149, -10150, -10221, -10222, 
-10234, -10250, -10251, -10252, -10253, -10747, -10748, -10749, -10750, -10751, 
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Perognathus flavescens or flavus (con1.) 
-10752, -10753, -10754, -10755, -10756, -10757, -10758, -10759, -10760, -10761, 
-11682, -11972 

Perognathus flavescens or flavus or fasciatus 
41229-334, -335, -336, -337, -385, -386, -387, -388, -440, -441, -442, -483, -484, -485, 
-1809, -2701, -2765, -2787, -2840, -2841, -3003, -3004, -3005, -3006, -3007, -3008, 
-3522, -3550, -3n3, -3877, -3958, -4417 to 4468, -4528, -4529, -4530, -4531, -4532, 
-4533, -4534, -4535, -4536, -4537, -4n2. -5152, -5153, -5154, -5155, -5156, -5201. 
-5864, -5865, -5866, -5867, -5907, -5908, -5909, -5910, -5911, -10664, -10665, -10666, 
-10667, -10683, -10684, -11090, -11524 

? Peromyscus 
41229-8215, -10718 

Peromyscus 
41229-13, -26, -27, -28, -37, -38, -52, -53, -54, -86, -87, -88, -89, -111, -112, -113, -148, 
-149, -150, -151, -154, -1n. -11s. -179, -1so. -239, -240, -241, -242, -310. -311, -312. 
-313, -360, -361, -362, -363, -420, -421, -422, -423, -465, -466, -467, -468, -2865, -2885, 
-2886, -2887, -2936, -2955, -2956, -3500, -3526, -3559, -3560, -3561, -3605, -3644, 
-3645, -3646, -3647, -3648, -3649, -3650, -3651, -3652, -3653, -3654, -3655, -3699, 
-3700, -3701, -3702, -3703, -3704, -3705, -3706, -3707, -3708, -3709, -5141, -5142, 
-5166, -5167, -5305, -5306, -5307, -5311, -5312, -5388, -5389, -5964, -5965, -6325, 
-6326, -6327, -6328, -6329, -6556, -6557, -7091, -7124, -12n, -7278, -7279, -12so, 
-7281, -7282, -7283, -7284, -7285, -7286, -7287, -7362, -7378, -7379, -7388, -7389, 
-7401, -7402, -7419, -7420, -7421, -7449, -7492, -7493, -7494, -7495, -7496, -7565, 
-7566, -7567, -7650, -7651, -7681 to -nos. -n2s, -n9s, -7799, -1aoo,1ao1, -7966, 
-8065, -8104, -8135, -8136, -8260, -8261, -8262, -8263, -8264, -8322 to -8346. 8475. 
8826 to -8870, -8900, -8901, -8902, -8903, -8976, -8977, -8978, -8979, -8980, -8981, 
-8982, -8983, -9030, -9031, -9032, -9033, -9034, -9035, -9036, -9037, -9038, -9296, 
-9297, -9298, -9299, -9300, -9503, -9896, -9897, -10000, -10001, -10036, -10037, 
-10051, -10052, -10053, -10054, -10055, -10056, -10158, -10163, -10608, -10609, 
-10618, -10619, -10620, -10621, -10622, -10623, -10631, -10633, -10638, -10639, 
-10640, -10641, -10642, -10643, -10644, -10669, -10686, -10687, -10688, -10689, 
-10696, -10697, -10698, -10699, -10700, -10713, -10714, -10715, -10716, -10717, 
-10733, -10734, -10735, -10736, -10775, -10863, -10864, -10898, -10935, -10936, 
-10937, -10938, -10954, -10957, -10958, -10959, -11100, -11101, -11102, -11103, 
-11229, -11230, -11231, -11232, -11271, -11324, -11325, -11436, -11437, -11454, 
-11943, -11944, -11945, -11946, -11947, -11948, -11949, -11950, -11957, -11964, 
-11965, -11966, -11971 

? Pipistrellus 
41229-10461 



489 

cf. Pipistrellus 
41229-3430, -3976 

Pipistrellus 
41229-621, -622, -623, -624, -834, -848, -849, -3427, -5437, -11597 

Pipistrellus ? subflavus 
41229-1752 

Pipistrellus cf. P. hesperus 
41229-3570, -659, -666, -1094, -1099 

Pipistre/lus subflavus 
41229-549, -556, -557, -567, -618, -619, -640, -656, -657, -658, -660, -661, -662, -663, 
-664, -665, -1078, -1079, -1080, -1081, -1082, -1083, -1089, -1090, -1091, -1092, -1093, 
-1095, -1096, -1097, -1098, -1125, -1126, -1204, -1205, -1252, -1382, -1383, -1384, 
-1431, -1432, -1433, -1434, -1435, -1436, -1437, -1443, -1744, -1745, -1746, -1747, 
-1748, -1749, -1750, -1751, -1762, -1763, -1764, -2600, -2698, -2736, -2737, -2766, 
-2767, -2786, -2970, -3428, -3429, -3545, -3915, -3916, -3917, -3918, -3919, -3920, 
-3921, -3922, -3923, -3924, -3925, -3926, -3927, -3928, -3929, -3975, -4562, -4563, 
-4766, -5101, -5102, -5103, -5401, -5436, -5488, -5732, -5772, -5843, -5844, -5845, 
-5983, -5984, -6085, -6128, -6140, -6141, -6163, -6601, -6602, -6603, -6614, -6615, 
-6635, -6976, -7140, -7141, -8276, -9236, -9237, -9238, -9382, -9383, -10558, -11004, 
-11006, -11172, -11173, -11204, -11239, -11240, -11430, -11431, -11472, -11644, 
-11743, -11744, -11745, -11746, -11747, -11748, -11749, -11750, -11751, -11752, 
-11753, -11783, -11918, -11919, -11920, -11921, -11922, -11923 

? Reithrodontomys 
41229-8214, -11104, -11105, -11973, -11974 

Reithrodontomys 
412229-176, -250, -251, -252, -253,254, -255 319, -366, -424, -425, -469, -470, -471, 
-472 2935, -2957, -3562, -3603, -3643, -5143, -5168, -5169, -5308, -5309, -5310, -5387, 
-6330, -6558, -6559, -6560, -7403, -7710, -7711, -7712, -7713, -7714, -7715, -7716, 
-7717, -7718, -7719, -7720, -7721, -7722, -7727, -7802, -7935, -7967, -7968, -8066, 
-8175, -8176, -8177, -8178, -8210, -8211, -8212, -8213, -8265, -8266, -8267, -8268, 
-8269, -8435, -8436, -8437, -8875, -8876, -8877, -8878, -8879, -8880, -8881, -8882, 
-8883, -8884, -8885, -8886, -8887, -8888, -8889, -8890, -8891, -8892, -8893, -8894, 
-8895, -8896, -8897, -8898, -8899, -8984, -8985, -9039, -9040, -9041, -9042, -9303, 
-9304, -9305, -10002, -10003, -10582, -10615, -10616, -10617, -10634, -10635, 
-10670, -10701, -10719, -10720, -10777, -11326, -11954, -11955, -11958, -11959, 
-11960, -11962, -11963, -11968, -11969, -11976, -11977, -11978, -11979, -11980, 
-11981 ' -11982 



490 

Sea/opus aquaticus 
41229-211, -779, -782, -783, -824, -841, -993, -1072, -1249, -1253, -1367, -1368, -1775, 
-1813, -2852, -5402, -5718, -5795, -6050, -6818, -9018, -9371, -9882, -10573, -10833, 
-10834, -10835, -10870, -10971, -10972, -11034, -11035, -11111, -11112, -11113, 
-11192, -11516, -11545, -11687, -12020, -12021, -12022 

Sigmodon hispidus 
41229-6, -39, -40, -74, -114, -145, -146, -147, -181, -182, -183, -184, -235, -236, -237, 
-238, -357, -358, -359, -416, -417, -461, -462, -463, -464, -748 to -763, -795, -796, -797, 
-798, -862, -875, -876, -877, -878, -879, -895, -896, -902, -907, -912, -913, -919, -925, 
-926, -927, -928, -929, -948, -953, -954, -955, -956, -957, -958, -959, -960, -995, -996, 
-997, -998, -1008, -1009, -1010, -1011, -1012, -1280, -1308, -1327, -1352, -1372, -1457 
to -1483, -1552, -1590, -1601, -1602, -1614, -1615, -1768, -1814, -1815, -1816, -2541, 
-2542, -2543, -2544, -2570, -2571, -2572, -2626, -2627, -2628, -2629, -2630, -2631, 
-2632, -2633, -2634, -2635, -2636, -2836, -3028, -3029, -3030, -3031, -3032, -3033, 
-3034, -3035, -3036, -3037, -3038, -3860, -3861, -3862, -3988, -4086, -4125, -4126, 
-4127, -4128, -4129, -4130, -4687, -4688, -4764, -4792, -4793, -4794, -4826, -4827, 
-4828, -4829, -4830, -4831, -4895, -4896, -4897, -4898, -4899, -4900, -4901, -4902, 
-5196, -5254, -5849, -6287, -6288, -6315, -6316, -6317, -6318, -6319, -6320, -6321, 
-6352, -6533, -6534, -6535, -6536, -6537, -6538, -6539, -6540, -6541, -6542, -6543, 
-6727, -6876, -6877, -6878, -6879, -6880, -7101, -7102, -7153, -7216, -7340, -7396, 
-7397, -7398, -7399, -7668, -7669, -7670, -7965, -8171, -8202, -8203, -8219, -8220, 
-8291, -8292, -8293, -8294, -8295, -8296, -8297, -8298, -8299, -8347, -8348, -8349, 
-8350, -8351, -8352, -8353, -8354, -8355, -8356, -8483, -8484, -8485, -8486, -8990, 
-8991, -9059, -9060, -9061, -9062, -9063, -9064,9065, -9066, -9904, -10020, -10021, 
-10076, -10077, 10125, -10194, -10195, -10237, -10238, -10239, -10240, -10241, 
-10242, -10243, -10385to 10408, -10575, -10727, -11083, -11628, -11629, -11630, 
-11631, -11632, -11633 

cf. Sylvilagus 
41229-4653 

Sy/vilagus ? aquaticus 
41229-1149, -5011 

Sylvilagus audubonii 
41229-689, -866, -937, -938 
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Sylvilagus audubonii or floridanus 
41229-5, -24, -50, -100, -101, -102, -124, -125, -126, -161, -226, -227, -674, -679, -680, 
-681, -683, -687, -690, -691, -692, -701, -703, -705, -706, -709, -738, -739, -740, -741, 
-794, -825, -826, -836, -837, -852, -853, -854, -859, -863, -864, -865, -867, -880, -881, 
-882, -884, -886, -887, -888, -889, -892, -893, -901, -904, -905, -909, -910, -911, -914, 
-916, -924, -930, -934, -935, -951, -961, -962, -963, -964, -965, -966, -971, -972, -973, 
-974, -980, -981, -982, -983, -984, -985, -994, -1002, -1014, -1015, -1016, -1019, -1020, 
-1039, -1040, -1041, -1042, -1043, -1044, -1045, -1046, -1047, -1048, -1052, -1053, 
-1054, -1056, -1067, -1068, -1069, -1101, -1116, -1123, -1132, -1133, -1136, -1137, 
-1138, -1139, -1140, -1141, -1142, -1156, -1157, -1158, -1159, -1160, -1161, -1162, 
-1163, -1164, -1175, -1176, -1177, -1178, -1179, -1180, -1181, -1207, -1208, -1209, 
-1217, -1218, -1219, -1220, -1221, -1222, -1223, -1224, -1225, -1268, -1269, -1291, 
-1301, -1302, -1306, -1350, -1354, -1355, -1357, -1359, -1441, -1444, -1445, -1479, 
-1553, -1554, -1555, -1556, -1557, -1591, -1592, -1593, -1596, -1597, -1598, -1604, 
-1729, -1730, -1731, -1732, -1774, -1781, -1785, -1791, -1792, -1794, -1810, -1811, 
-1825, -1826, -1827, -1828, -1829, -1830, -1832, -1833, -1834, -1835, -1836, -1837, 
-1838, -2527, -2528, -2540, -2546, -2547, -2548, -2549, -2550, -2551, -2552, -2561, 
-2562, -2594, -2595, -2602, -2605, -2610, -2611, -2612, -2613, -2614, -2624, -2673, 
-2678, -2712, -2714, -2751, -2752, -2753, -2754, -2755, -2756, -2774, -2775, -2779, 
-2780, -2781, -2797 to -2825, -2845, -2847, -2848, -2849, -2850, -2851, -2853, -2877, 
-2878, -2879, -2895, -2896, -2926, -2927, -2928, -2929, -2930, -2931, -2932, -2951, 
-2952, -2953, -2954, -2981, -2982, -2983, -2984, -2985, -2986, -2987, -3044, -3434, 
-3527, -3528, -3546, -3547, -3548, -3553, -3764, -3765, -3842, -3845, -3846, -3847, 
-3848, -3849, -3850, -3851, -3852, -3853, -4009, -4010, -4011, -4012, -4013, -4014, 
-4015, -4016, -4017, -4018, -4042, -4068, -4069, -4070, -4071, -4098, -4099, -4100, 
-4101, -4102, -4103, -4104, -4105, -4106, -4107, -4131, -4197, -4198, -4199, -4200, 
-4201, -4202, -4203, -4204, -4205, -4206, -4207, -4208, -4209, -4210, -4211, -4646, 
-4647, -4648, -4649, -4650, -4651, -4652, -4749, -4750, -4751, -4752, -4753, -4754, 
-4755, -4756, -4778, -4779, -4780, -4781, -4836, -4837, -4838, -4839, -4840, -4841, 
-4845, -4993, -4994, -4995, -4996, -4997, -4998, -4999, -5000, -5001, -5002, -5003, 
-5004, -5079, -5080, -5081, -5082, -5083, -5084, -5085, -5086, -5087, -5107, -5108, 
-5109, -5110, -5111, -5112, -5177, -5178, -5179, -5180, -5181, -5182, -5183, -5190, 
-5223, -5224, -5225, -5226, -5294, -5295, -5296, -5297, -5298, -5299, -5300, -5301, 
-5390, -5391, -5392, -5393, -5394, -5765, -5921, -5922, -5923, -5924, -5925, -5926, 
-5927, -5971, -6060, -6061, -6062, -6074, -6077, -6550, -6551, -6552, -6553, -6591, 
-6592, -7092, -7093, -7094, -7095, -7108, -7299, -7300, -7301, -7302, -7354, -7355, 
-7356, -7357, -7358, -7359, -7405, -7406, -7407, -7428, -7429, -7430, -7436, -7437, 
-7438, -7439, -7440, -7441, -7442, -7443, -7450, -7463, -7464, -7465, -7466, -7467, 
-7468, -7626, -7627, -7628, -7629, -7630, -7631, -7632, -7633, -7634, -7646, -7647, 
-7770 to 7795, -7936, -7937, -7938, -7939, -7940, -7949, -7950, -7951, -7952, -7953, 
-8009, -8017, -8018, -8054, -8058, -8059, -8060,8084, -8085, -8086, -8087, -8088, 
-8089, -8090, -8091, -8095, -8110, -8111, -8112, -8113, -8114, -8115, -8116, -8117, 
-8157,8181, -8182, -8183, -8207, -8208, -8209, -8243, -8244, -8245, -8246, -8247, 
-8248, -8271, -8445, -8446, -8447, -8467, -8469, -8470, -8471, -8514, -8515, -8516, 
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Sylvilagus audubonii or floridanus (con't.) 
-8517, -8518, -8519, -8520, -8521, -8522, -8523, -8524, -8525, -8526, -8527, -8528, 
-8529, -8530, -8531, -8532, -8533, -8534, -8535, -8536, -8537, -8538, -8539, -8540, 
-8541, -8998, -8999, -9000, -9001, -9002, -9003, -9004, -9005, -9006, -9007, -9021, 
-9022, -9023, -9024, -9025, -9026, -9027, -9028, -9029, -9239, -9325, -9326, -9327, 
-9328, -9329, -9330, -9501, -9502, -9508, -9509, -9510, -9511, -9516, -9806, -9807, 
-9808, -9809, -9810, -9811, -9812, -9813, -9814, -9815, -9816, -9817, -9819, -9820, 
-9821, -9822, -9823, -9824, -9825, -9893, -9894, -9895, -9945, -9988, -9989, -9990, 
-10027, -10028, -10062, -10063, -10152, -10153, -10160, -10161, -10166, -10167, 
-10189, -10191, -10198, -10199, -10231, -10265, -10266, -10267, -10268, -10283, 
-10284, -10285, -10286, -10287, -10288, -10289, -10290, -10291, -10310, -10311, 
-10312, -10313, -10314, -10345, -10346, -10347, -10348, -10349, -10350, -10351, 
-10352, -10353, -10354, -10355, -10547, -10581, -10676, -10677, -10678, -10890, 
-10891, -10892, -10903, -10914, -10924, -10925, -10926, -10927, -10928, -10929, 
-10948, -10981, -10982, -10983, -10984, -10985, -10986, -10998, -10999, -11000, 
-11001, -11002, -11019, -11020, -11021, -11022, -11135, -11136, -11137, -11138, 
-11139, -11140, -11141, -11142, -11210, -11223, -11224, -11236, -11237, -11244, 
-11245, -11246, -11247, -11268, -11269, -11283, -11289, -11322, -11323, -11446, 
-11447, -11461, -11462, -11463, -11464,11465, -11610, -11611, -11683, -11684, 
-12072 

Sy/vilagus floridanus 
41229-684, -702, -713, -742, -858, -890, -903, -936, -939, -940, -941, -1022, -1024, 
-1070, -1151, -1152, -1226, -1599, -1839, -2530, -2596, -2625, -2757, -2826, -2827, 
-2828, -2829, -2830, -2831, -2898, -2933, -2934, -3766, -4019, -4212, -4213, -4214, 
-4215, -4216, -4217, -4757, -5005, -5006, -5007, -5008, -5088, -5089, -5184 

? Thomomys 
41229-10061, -10184, -11278 

cf. Thomomys 
41229-3611, -3657, -3658, -3659, -3660 

Thomomys 
41229-43, -93, -94, -374, -952, -977, -1307, -1344, -2623, -3608, -3612, -3616, -3663, 
-3690, -3691, -3692, -3693, -3694, -3695, -3696, -3697, -3713, -3714, -3715, -3731, 
-3732, -3733, -3734, -4164, -5237, -5238, -5239, -5292, -6673, -6695, -7217, -7747, 
-7748, -7749, -7750, -7751, -7752, -7753, -7754, -7755, -7756, -7757, -8011, -8012, 
-8015, -8016, -8028, -8031, -8153, -8285, -8286, -8287, -8288, -8289, -8904, -8905, 
-8906, -8907, -9067, -9068, -9069, -9070, -9071, -9072, -9073, -9411, -9866, -9867, 
-9868, -9905, -9906, -9907, -9908, -10058, -10059, -10060, -10185, -10428 to -10444, 
-10474, -11279, -11296, -11297, -11298, -11299, -11300, -11301 



Appendix B -- Common names of organisms referred to in text 

Common Name 
?Buteo sp. 
Accipiterstriatus 
Acc:ipitridae 
Acer 
Acris 
Agave 
Agkistrodon contortrix 
Agkistrodon piscivorous 
Ambystoma sp. 
Anatidae 
Anseriformes 
Antilocapra americana 
Antilocapridae 
Arora 
Aquila chrysaetos 
Artiodactyla 
Arvicolinae (arvicolines) 
Asio 
Aves 
B. woodhousei 
Baiomys taylori 
Bassariscus astutus 
Betula 
Bison antiquus 
Bison bison 
Blarina brevicauda carolinensis 
Bovidae 
Bubo virginianus 
Bufo americanus 
Bufo sp. 
Bufonidae 
Buteo jamaicensis 
Callipepla squamata 
Carnelidae 
Canidae 
Canisdirus 
Canis familiaris 
Canis latrans 
Canis lupus 
Canis rufus 
Capra hircus 

hawks 
sharp-shinned hawk 
eagles 
maple 
cricket frogs 
agaves, lechuguilla 
copperhead 
cottonmouth 
mole salamanders 
ducks, geese and swans 
ducks, geese and swans 
pronghorn 
pronghorn 
frogs and toads 
golden eagle 
even-toed ungulates 
voles and lemmings 
short and long-eared owls 
birds 
Woodhouse's toad 
pygmy mouse 
ringtail 
birch 
extinct large bison 
American bison 
southern short-tailed shrew 
cows, bison, goats 
great-homed owl 
American toad 
toad 
true toads 
red-tailed hawk 
scaled quail 
camels and llamas 
dogs 
dire wolf 
domestic dog 
coyote 
gray wolf 
red wolf 
domestic goat 
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ScA1JcName Common Name 
Camivora mammalian carnivores 
C8lya hickory I pecan 
Catharidae vultures 
Ce/tis sp. hackberry,sugarberry 
Cervidae deer 
Chaetodipus hispidus hispid pocket mouse 
Charadriiformes shorebirds 
CheIonia turtles 
Chelydra serpentina snapping turtle 
Chelydridae snapping turtles 
Chiroptera bats 
Cnemidophorus gularis Texas spotted whiptail 
Colaptes auritus flicker 
Colinus virginianus bobwhite 
Colubridae colubrid snakes 
Columbidae doves and pigeons 
Conepatus leuconatus eastern hog-nosed skunk 
Conepatus mesoleucus common hog-nosed skunk 
Cophosaurustexanus Texas ear1ess lizard 
Coragypes occidentalis extinct black vulture 
Comus dogwood 
Corvus corax common raven 
Corvus sp. crow and raven 
Cory/us hazel 
Cratogeomys castanops yellow-faced pocket gopher 
Crotalus atrox western diamondback rattlesnake 
Crotalus molossus blacktail rattlesnake 
Crotalus sp. rattlesnakes 
Crotaphytus sp. collared and leopard lizards 
Crotophytus collaris collared lizard 
Cryptotis parva least shrew 
Cuculidae cuckoos 
Cuculus sp. cuckoos 
Cynocitta cristata bluejay 
Cynomys ludovicianus black-tailed prairie dog 
Cynomys sp. prairie dogs 
Damadama fallow deer 
Dasylirion sotol 
Dasypodidae armadillos 
Dasypus bellus beautiful armadillo 
Dasypus novemcinctus nine-banded armadillo 
Deirochelyinae water turtles 
Didelphis virginiana Virginia Opossum 
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Common Name 
Dipodomys compactus 
Dipodomys elator 
Dipodomysordii 
Elaphe obsoleta 
Emberizidae 
Emydidae 
Eptesicus fuscus 
Equidae 
Equus sp. 
Erethizon dorsatum 
Eumeces obsoletus 
Falco columbarius 
Falco peregrinus 
Falco sparverius 
F alconiformes 
Felidae 
Fe/is catus 
Fe/is concolor 
Fe/is pardalis 
Fe/is weidii 
Fe/is yagouaroundi 
Fraxinus 
Galliformes 
Geochelone wilsoni 
Geococcyx c. californianus 
Geococcyx californianus conklingi 
Geomyidae 
Geomys sp. 
Glaucomys spp. 
Hemiauchenia sp. 
Heteromyidae (heteromyids) 
Hirundinidae 
Hirundo fulva 
Corvidae 
Hirundo sp. 
Hy/asp. 
Hylidae 
Hystrixafricaeausual~ 

lctinia mississippiensis 
Kinosteroidae 
Kinosternon sp. 
Lacertilia 
Lagornorpha 

gulf coast kangaroo rat 
Texas kangaroo rat 
Ord's kangaroo rat 
Texas rat snake 
warblers, sparrows, orioles 
box and water turtles 
big brown bat 
horses 
horses 
porcupine (North American) 
Great Plains skink 
merlins 
peregrine falcons 
kestrels 
eagles, falcons, hawks, vultures 
cats 
domestic cat 
mountain skunk 
ocelot 
margay 
jaguarundi 
ash 
chickens, turkeys, quail 
extinct tortoise 
extant roadrunner 
extinct Conkling's roadrunner 
pocket gophers 
groove-toothed pocket gophers 
flying squirrels 
extinct llama 
pocket mice 
swallows 
cave swallow 
crows and jays 
swallow 
tree frog 
tree frogs 
porcupine (African) 
Mississippi kite 
mud and musk turtles 
mud turtle 
lizards 
rabbits, hares, and pikas 
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SI B11i; NBrM Common Name 
Lasiurus borealis eastern red bat 
Lasiurus cinereus hoary bat 
Lasiurus seminolus seminole bat 
Leporidae rabbits and hares 
Leptotyphlops dulcis Texas blind snake 
Lepus califomicus black-tailed jackrabbit 
Lynx rufus bobcat 
Manmalia marrmal 
Masticophis flagellum coachwhip 
Masticophis flagellum coachwhip 
Meleagris gallopavo turkey 
Mephitinae skunks 
Mephitis macroura hooded skunk 
Mephitis mephitis striped skunk 
Microtus longicaudus long-tailed vole 
Microtus mexicanus Mexican vole 
Mlcrotus montanus mootane vole 
Microtus ochrogaster prairie vole 
Microtus pennsylvanicus meadow vole 
Microtus pinetorum woodland vole 
Microtus sp. voles 
Micrurus fulvius coral snakes 
Molossidae free-tailed bats 
Muridae mice, rats, voles 
Mus musculus house mouse (European) 
Muscicapidae thrushes 
Mustela erminea ermine 
Mustela frenata long-tailed weasel 
Mustelidae weasels, skunks, otters 
Myotis velifer cave myotis 
Neotoma floridanus eastern woodrat 
Neotoma sp. woodrats 
Notiosorex crawfordi desert shrew 
Odocoileus sp. white-tailed and mule deer 
Onychomys leucogaster northern grasshopper mouse 
Onychomys torridus southern grasshopper mouse 
Ophisaurus attenuatus glass lizard 
Opuntia sp. prickly pear and related cacti 
Oryzomys palustris marsh rice rat 
Pandanaris sp. extinct icterid 
Panthera leo atrox extinct American lion 
Panthera onca augusta extinct large jaguar 
Panthera onca jaguar 
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Common Name 
Passeriformes 
Pelobatidae 
Perissodactyla 
Perognathus fasciatus 
Perognathus flavescens 
Perognathus flavus 
Peromyscus pectoralis 
Peromyscus sp. 
Phrynosoma cornutum 
Phrynosoma douglassi 
Phrynosoma modestum 
Picea glauca 
Picea sp. 
Picidae 
Pinussp. 
Pipistrellus subflavus 
Platygonus compressus 
Podiceps sp. 
Populus 
Procyon lotor 
Procyonidae 
Prosopis glandulosa 
Pseudacris 
Quercus sp. 
Quisca/us mexicanus 
Rana bertandieri 
Rana catesbeiana 
Rana sp. 
Ranidae 
Reithrodontomys montanus 
Reithrodontomys sp. 

Rodentia 
Salix 
Sayornis phoebe 
Sea/opus aquaticus 
Scaphiopus couchi 
Scaphiopus sp. 
Sceloporus olivacea 
Sceloporus undulatus 
Sciuridae (sciurids) 
Sciurussp. 
Scolopacidae 
Serpentes 

perching birds 
spade-foot toads 
odd-toed ungulates 
olive-backed pocket mouse 
plains pocket mouse 
silky pocket mouse 
encinal mouse 
white-footed, deer and field mice 
Texas homed lizard 
short-horned lizard 
roundtail horned lizard 
white spruce 
spruce 
woodpeckers 
pine 
eastern pipistrelle 
flat-headed peccary 
small grebes 
cottonwood I poplar 
raccoon 
raccoons and ringtails 
mesquite 
chorus frogs 
oaks 
great-tailed grackle 
Rio Grande leopard frog 
bullfrog 
true frogs 
true frogs 
plains harvest mouse 
harvest mice 
rodents 
willow 
eastern phoebe 
eastern mole 
Couch's spadefoot 
spade-foot toads 
Texas spiny lizard 
fence lizard 
squirrels 
tree squirrels 
shore birds 
snakes 
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Common Name 
Sigmodon hispidus 
Sigmodontinae (sigmodontines) 
Sorex cinereus 
Sorex haydeni 
Sorex longirostris 
Soricidae (soricids) 
Spermophilus mexicanus 
Spermophilus sp. 
Spermophilus spilosoma 
Spermophilus tridecemlineatus 
Spermophilus variegatus 
Spilogale sp. 
Strigidae 
Strigiformes 
Sylvilagus aquaticus 
Sylvilagus audubonii 
Sylvilagus floridanus 
Synaptomys cooperi 
Syffhophus marnocki 
Tadarida brasiliensis 
Talpidae 
Tamias striatus 
Taxidae taxus 
Tayassu tajacu 
Tayassuidae 
Te"apene carolina 
Terrapene sp. 
Testudinidae 
Tetraoninae 
Thamnophis sirtalis 
Thamnophis sp. 
Thomomys sp. 
Tilia 
Tillandsia usneoides 
Turdus 
Tytonidae 
Urocyon cinereoargenteus 
Urosaurus ornatus 
Ursidae 
Ursus americanus 
Ursus arctos 
Vespertilionidae 
Viperidae 

hispid cotton rat 
new world mice and rats 
masked shrew 
Hayden's shrew 
southeastern shrew 
shrews 
Mexican ground squirrel 
ground squirrels 
spotted ground squirrel 
thirteen-lined ground squirrel 
rock squirrel 
spotted skunks 
owls 
owls 
swamp rabbit 
desert cottontail 
eastern cottontail 
southern bog lemming 
cliff chirping frog 
Brazilian free-tailed bat 
moles 
eastern chipmunk 
badger 
javalina or collared peccary 
peccaries 
eastern box turtle 
box turtles 
tortoises 
grouse, prairie chickens 
garter snake 
garter and ribbon snakes 
smooth-toothed pocket gophers 
basswood 
Spanish moss 
robins and thrushes 
barn owls 
gray fox 
Tree lizard 
bears 
black bear 
brown or grizzly bear 
vespertilionid bats 
pit vipers 



499 

Common Name 
Vulpes velox 
Vulpes vulpes 
Xenarthra 
Yucca 
Zapodidae 
Zapus hudsonius 
Zapus princeps 
Zenaida asiatica I macroura 

kit or swift fox 
red fox 
sloths, armadillos, and anteaters 
yucca 
jumping mice 
meadow jumping mouse 
western jumping mouse 
mourning and white-winged doves 
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Appendix C - Climate Data 

Map symbol AB AQ AM 

City 

January 

Albany T 

-5.17 
Albany P Albuquerque T Albuquerque P Amarillo T Amarillo P 

6.27 1.67 1.04 2.61 1.65 

February -4.61 5.59 4.39 0.97 5.17 1.57 

March 0.56 6.91 7.67 1.22 8.67 2.08 

April 7.89 7.04 13.17 1.19 14.17 3.35 

May 14.39 8.81 18.39 1.91 19.17 8.56 
June 19.61 8.26 23.83 1.45 25.33 7.34 
July 22.28 8.86 25.83 3.05 27 5.94 
August 21 .11 7.8 24.56 3.38 26.39 6.55 
September 16.44 9.09 21 .11 2.41 22.11 4.8 
October 10.44 7.04 14.44 1.91 15.56 4.47 
November 3.94 6.86 6.44 0.97 7.78 1.68 
December -3.06 6.58 2.78 1.17 4.06 1.96 
Annual 8.67 89.1 13.67 20.65 14.83 49 .96 

VI 
0-



Appendix C - Climate Data 

AN AT AU BK 

Anchorage T Anchorage P Atlanta T Atlanta P Austin T Austin P Bakerlk NWT 

-10 .9 2 7.06 11.28 10.22 5.97 -32.9 
-7.8 1.8 7.83 11.46 12.11 6.55 -32.8 
-4.8 1.3 10.78 13.64 15.39 5.41 -26.3 
2.1 1.1 15.67 11.35 19.83 9.02 -16.4 
7.7 1.3 20.61 8.03 23.94 9.42 -5.8 

12.5 2.5 24.78 9.73 27.72 8.18 3.9 
13.9 4.7 26.06 11.99 29.17 5.54 10.7 
13.1 6.5 25.67 9.14 29.39 4.93 10 
8.8 6.4 22.83 8.28 26.17 8.74 2.8 
1.7 4.7 16.89 6.2 21.5 7.19 -7.5 

-5.4 2.6 10.67 7.52 14.89 5.38 -20 
-9.8 2.4 7.11 11.13 11.5 6.43 -28.2 
1.8 37.4 16.33 119.74 20.17 82.75 -11.9 

VI 
0 
N 



Appendix C - Climate Data 

BL BW BT 

Baker Lk NWT I Baltimore T Baltimore P Barrow T Barrow P Bethel AK T Bethel AK P 

0.5 1.56 8.71 -26.8 0.5 -15.8 2.8 

0.4 2.06 7.34 -27.9 0.4 -13.2 2.8 

0.6 6.17 9.7 -25.9 0.3 -11 .3 2.6 

0.9 12.33 9.14 -17.7 0.3 -3.4 1.5 

0.8 18 10.11 -7.6 0.3 3.9 2.4 

2.1 22.5 8.36 0.6 0.9 10.9 3 
4 24.89 10.72 3.9 2 12.6 5.2 

4.5 23.89 13.18 3.3 2.3 11.3 10.7 

3.4 20.06 8.46 -0.8 1.6 7 6.6 
2 13.89 8.08 -8.6 1.3 -0.3 3.9 

0.9 7.5 7.95 -18.2 0.6 -8.2 2.7 
0.7 2.11 7.59 -24 0.4 -13.1 2.6 

20.8 12.89 109.35 -12.4 11 -1 .8 46.8 

VI 
0 
VJ 



Appendix C - Climate Data 

BG BM BY BF 

Binghamton T Binghamton P Bismark T Bismark P Brownsville T Brownsville P Buffalo T 

-4.56 6.35 -12.67 0.91 16.33 3.43 -4.17 

-4.56 5.54 -10.72 1.09 17.78 3.76 -4.39 

-0.39 7.34 -2.94 1.93 19.94 2.64 -0.28 

6.39 7.47 6.17 3.53 23.28 3.94 6.39 

12.83 8.86 12.67 4.93 26.11 5.99 12.67 

17.5 9.78 17.94 8.46 28.17 7.52 18.22 

20.22 9.42 22.28 5.92 28.89 4.27 21 

19.1 7 9.07 20.72 3.81 28.94 7.04 20.22 

15.28 7.49 14.72 3.63 27.33 12.67 16.33 

9.89 7.85 7.61 2.54 24.39 8.97 10.44 

3.33 6.38 -2 1.35 19.78 3.35 3.94 

-2.89 6.5 -9.17 1.02 17.17 4.37 -2.39 

7.67 92.05 5.39 39.12 22.83 67.95 8.17 

Vl 

.,i:.. 
0 



Appendix C - Climate Data 

CH CY CR 
Buffalo P Chatanooga T Chatanooga P Cheyenne T Cheyenne P Churchill T Churchill P 

7.21 5.33 13.28 -3.61 1.42 -27.5 1.3 

6.91 6.67 12.98 -2.39 1.65 -26.4 1.4 

8.23 10.39 15.37 -0.11 3.1 -19.8 1.7 

7.65 15.39 11.51 5.06 5.44 -10.7 2.6 
7.49 19.83 10.57 10.06 6.25 -2.3 3 
6.45 24.33 10.69 15.72 5.33 5.8 4.1 
6.53 25.72 13.56 20.06 4.98 12 5.2 

7.75 25.17 9.4 19.33 4.09 11.6 6.1 

7.95 22.5 6.83 14.11 3.05 5.7 5.3 

7.62 16 8.23 8 2.87 -1.1 3.8 

9.14 9.5 10.24 1.72 1.78 -11.7 3.9 

7.62 5.61 13.49 -1 .83 1.32 -21.9 2.3 

90.55 15.56 136.14 7.17 41.28 -7.2 40.7 

Ul 

Ul 
0 



Appendix C - Climate Data 

CT cs CB DL 

Clayton T Clayton P Colorado Sp. T Colorado Sp. P Columbus T Columbus P Dallas T 

0.67 0.89 -1 .89 0.74 -1 .28 7.47 7.72 

2.22 0.94 -0.28 0.84 -0.44 5.77 9.72 

13.394.94 1.6 2.33 1.55 4.33 8.71 

10.39 3.02 7.56 3.33 10.11 8.74 18.33 

15.44 6.96 12.78 5.41 16 10.08 22.72 

27.3921.22 3.76 18.17 4.04 21 .5 11 

23 .61 5.92 21.39 6.02 23.56 9.78 29.39 

22.94 5.31 20 .67 5.49 22.44 8.15 29.44 

18.89 4.19 16.44 2.72 19.17 7.39 25.5 

12.94 2.54 10.17 1.75 12.5 5.54 19.89 

5.39 0.84 3.06 1.02 5.5 7.26 12.72 

2.22 0.89 -0.17 0.61 -0.17 6.32 8.94 

11.72 36.86 9.17 33.5 11 .11 96.22 18.76 

U\ 

°' 
0 



Appendix C - Climate Data 

DR DV DC 

Dallas P Del RioT Del Rio P Denver T Denver P Dodge CityT Dodge City P 

1.24 5.89 10.72 2.26 -1.94 1.4 -0.94 

6.48 13.44 2.24 -0.28 1.75 1.67 1.98 

7.24 17.22 2.08 2.44 3.07 5.89 2.92 

10.16 22 3.45 8 5.36 12.11 5.74 

12.27 25.78 6.93 13.44 6.86 17.22 7.39 
8.23 29.11 5.82 19.17 3.66 23.06 7.65 
4.93 30.11 3.33 22.72 3.89 26.61 6.73 

4.9 29.89 3.86 21.94 3.25 25.89 6.81 

7.16 26.61 6.63 17.22 2.87 21 .06 4.34 
6.86 21 .89 5.03 10.78 2.57 14.33 3.99 
6.86 14.89 1.57 3.17 1.75 5.94 2.21 
6.78 11 .28 2.08 -0.22 1.19 0.78 1.27 

87.76 21 .11 45.29 9.72 37.62 12.78 52.27 

VI 
0 
-.....J 
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ED FK FN 

Edmonton T Edmonton P Fairbanks T Fairbanks P Fort Nelson T 

-14.1 2.4 -23 .9 2.3 -22.4 
-1 1.6 2 -19.4 1.3 -17.6 

-5.5 2.1 -12.8 1 -8.7 
4.2 2.8 -1 .4 0.6 1.5 

11 .2 4.6 8.4 1.8 10 
14.3 8 14.7 3.5 14.3 
17.3 8.5 15.4 4.7 16.8 
15.6 6.5 12.4 5.6 14.7 
10.8 3.4 6.4 2.8 9.3 

5.1 2.3 -3.2 2.2 1.2 
-4.2 2.2 -15.6 1.5 -12.1 

-10.4 2.5 -22.1 1.4 -20 .4 
2.7 47.3 -3.4 28.7 -1 .1 

Fort Nelson P 

2.4 
2.6 

2.6 
1.9 
3.9 
6.6 

6.5 
5.1 
3.4 
2.6 
3.1 

2.8 

43.5 

FS 

Ft Smith NWTT 

-25.4 
-22.2 

-14.4 

-2.8 
7.6 

12.9 
16.2 
14.2 
7.9 
0.2 

-11.7 

-21.3 

-3.2 

VI 
0 
00 
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FB 

Ft Smith NWT P Frobisher Bay T 

1.5 -26.5 
1.7 -25.5 
1.9 -21 .5 
1.7 -13 .7 
2.6 -3.1 
3.1 3.6 
5.3 7.9 
3.5 6.9 
4.2 2.2 
2.9 -4.7 
2.6 -12.3 
2.7 -20.5 

33.7 -8.9 

Frobisher Bay P 
2.2 
2.6 
1.9 
2.1 
1.9 
3.3 

5.3 
5.3 
4.3 
3.4 
3.3 
2.4 

38 

GS 

Goose NFD T 

-16.6 
-14.9 

-8.4 
-1 .6 

5.1 
11 .9 

16.3 
14.7 
10.1 
3.2 

-4.4 
-12.9 

0.2 

Goose NFD P 
7.2 
6.3 
6.8 
6.2 

5.6 
7.2 
8.4 
9.1 
7.6 
6.3 
6.7 

6.3 
83.7 

GF 

Grand Forks T 

-15.33 
-12.83 

-5.28 
5.17 

12.72 

17.78 
21 .5 

20.11 
14.11 

7.39 

-3.33 
-11 .39 

4.22 

Grand Forks P 
1.52 

1.4 

2.31 
3.84 
5.92 

9.07 
7.52 
7.95 
4.39 

3.1 

2.34 

1.57 
50.93 

VI 
0 
\0 
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HL HS HR JN 

Helene T Helene P Houston T Houston P Huron SD T Huron SD P Juneau T 

-7.44 1.19 12 9.6 -10.28 1.45 -3.8 

-4.89 1.09 13.22 8.74 -8 1.24 -2.9 
-0.33 1.78 16.28 6.78 -0.17 2.77 -0.9 
6.28 2.11 20 .28 8.23 8 4.88 3.3 

11 .61 3.96 24.44 10.97 14.44 5.72 7.6 
15.28 5.66 27.56 9.37 20.11 7.77 11 .3 
20.22 2.62 28.33 10.9 24.11 5.28 12.9 

19 2.26 28.44 10.85 22.72 5.03 12.3 
13.33 2.41 26.22 10.82 17.11 4.39 9.4 
7.56 1.68 21 .89 9.58 10 3.2 5.3 

-0.22 1.45 16 9.8 0.28 1.68 1.3 
-4.33 1.35 13.17 11.07 -6.89 1.14 -2 
6.33 27.56 20.67 116.71 7.61 44.55 4.5 

Vi-0 
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KC KV KF 

Juneau P Kansas Cty T Kansas Cty P Kerrville T Kerrville P Klamath Falls T Klamath Falls P 

10.2 -0.17 3.58 7.56 3.58 -1.56 5.31 

7.8 2.11 3.15 9.33 4.95 0.89 3.78 

8.3 6.28 6.32 13.44 4.45 4.22 2.95 

7.3 13.17 9.04 18.33 6.96 8.39 2.34 

8.2 18.67 11 .18 21 .83 9.86 12.17 2.87 

8.6 24.39 11.61 25.56 6.15 15.56 2.39 

11.4 27.5 8.1 27.06 4.6 20.39 0.74 

12.8 26.56 9.58 26.83 7.04 19.61 0.79 

16.9 21 .83 8.26 24 9.63 16 1.27 
21.2 15.67 7.26 18.5 10.08 10.17 2.82 

15.4 7 4.57 12.39 4.06 3.67 4.24 

10.7 2.11 3.89 8.72 3.76 0 5.92 
138.7 13.78 86.54 17.8 75.12 9.11 35.41 

Ul--
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KO KZ KJ LO 

Kodiak T Kodiak P Kotzebue AK T Kotzebue AK P Kuujjuaq T Kuujjuaq P Laredo T 

-1 .2 13 -20.9 1 -23.9 2.1 14.28 

-0.2 12.8 -20 0.8 -22.7 2 16.5 

20.06 -0.1 9.6 -18.9 0.7 -16.2 2.1 
2.6 10 -10.4 0.8 -9.3 1.9 24 

6 14.1 -0.6 0.8 0.4 3.3 27.11 

9.7 10 6.6 1.2 7.3 3.8 29.83 

12.1 9.7 11 .5 3.7 11.8 5 30.83 

12.8 9.5 10.3 5.5 10.5 6.2 30.83 

9.8 15.1 4.9 3.1 5.6 5.2 28.17 

5.2 16.9 -4.1 1.5 -0.3 3.9 24.17 

1.7 15.3 -13.7 0.9 -8.4 3.4 18.22 

-1.3 11 .8 -19.8 0.7 -17.8 2.8 15.11 
4.8 147.7 -6.3 20.8 -5.2 41.7 23.28 

-N 

VI 
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LV LT LN 

Laredo P Las Vegas T Las Vegas P Lethbridge T Lethbridge P Lincoln T Lincoln P 

2.87 6.78 1.12 -8.2 2.2 -3.89 2.08 

2.26 10.22 1.47 -7.1 2.7 -1.5 2.34 

1.57 13.61 0.86 -2.4 2.7 4.11 3.73 

4.19 18.67 0.61 5.4 3.5 11.44 5.82 

7.09 23.39 0.41 11 .2 5.3 16.94 7.87 

4.98 28.67 0.33 14.7 8 .1 22.67 10.41 

3.45 32.5 1.17 18.9 4.3 26.22 7.87 

4.32 31.33 1.35 17.4 4.2 24 .94 7.82 

7.26 27.06 0.86 12.7 3.5 20.06 7.42 

4.14 19.67 0.81 7.4 2.7 13.56 4.22 

2.21 12.17 0.56 -0.4 2.7 4.61 3.58 
2.97 8.22 1.47 -4.6 2 -1.61 2.18 

47.32 19.33 11.05 5.4 43 .9 11 .5 65.35 

VJ VI 



Appendix C - Climate Data 

LR LA LS MH 

Little Rock T Little Rock P Los Angeles T Los Angeles P Louisville T Louisville P Manhattan T 

4.78 13.26 13.22 7.8 1.61 10.41 -1.06 

6.89 11 13.94 8.46 2.89 7.59 1.28 

11 12.22 15.22 5.74 7.56 11.86 6.11 

16.89 12.52 16.56 2.97 13.33 10.19 13.06 
21 .39 13.41 18.22 0.41 18.5 9.98 18.22 
26.06 9.17 20 0.15 23.44 10.31 24.22 
27.72 8.48 22.78 0.03 25.5 7.82 27.33 

27.39 7.16 22.83 0.1 24.5 7.77 26.44 

23.5 8.2 22.17 0.58 21 .22 6.86 21 .56 

17.28 7.32 19.67 1.04 14.78 6.22 15.17 
9.72 10.46 17.06 2.74 7.61 7.92 6.28 

5.5 10.39 14.56 7.29 2.72 8.38 0.67 
16.5 123.6 18 37.29 13.61 105.33 13.28 

Vt-~ 
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MP Ml MC 

Manhattan P Memphis T Memphis P MiamiT MiamiP MilesCityT 

-8.61 

Miles City P 

2.11 5.33 14.1 19.39 5.16 1.12 

2.41 6.94 11 .66 19.94 4.75 -6.5 0.94 

1.65 4.22 11 .11 14.2 21 .39 5.77 -0.61 

6.73 16.56 12.19 23.44 9.86 7.61 2.69 

11.4 21 .17 9.96 25.33 16.36 14.11 4.39 

12.93 25.72 8.46 27.11 18.72 18.67 6.88 

9.27 27.33 8.2 27.67 17.15 24.06 3.4 

10.82 26.83 7.47 27.94 17.7 22.56 3.15 

9.25 23.5 6.48 27.39 24.05 16.11 2.44 

5.56 17.56 8.31 25.44 20.85 9.44 2.21 

3.33 10.33 11 .58 22.44 7.19 0.33 1.09 
2.57 6.28 12.93 20.06 4.24 -4.89 0.94 

80.59 16.56 125.53 23.94 151 .56 7.67 30.91 

U\-U\ 
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MF MW MN MS 

Milford UTT Milford UT P Milwaukee T Milwaukee P Minneapolis T Minneapolis P Missoula T 

-4.56 1.45 -5.61 4.01 -10.89 1.78 -7.11 

-0.61 1.8 -4.33 3.23 -9.06 1.98 -3.89 

4 
' 

2.69 0.72 5.56 -2.56 3.89 0.94 
6.838.78 1.93 6.83 6.07 6.83 4.7 

13.78 1.88 12.39 7.57 14.06 8.1 11 .44 

18.78 1.14 18.28 8.18 19.33 10.16 14.72 

23.33 1.96 21 .83 6.17 22.39 8.31 19.44 

22.06 2.06 21 .06 6.65 21.11 8.08 18.22 

17 1.02 17 8.46 15.78 6.17 13 

10.06 2.24 10.78 5 9.39 4.04 6.67 

3 1.37 2.94 5.36 -0.44 3.56 -0.83 
-2.22 1.91 -3.5 3.76 -7.72 2.18 -4.61 

9.44 21 .44 8 .22 70.03 6.5 62.94 6.22 

-°' 
VI 
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MO NV NO 

Missoula P Moosonee T Moosonee P Nashville T Nashville P New Orleans T New Orleans P 

2.34 -20 .6 4.8 4.39 12.52 13.28 12.14 

2.11 -18 4.7 5.72 10.57 14.72 10.62 

1.85 -11.9 4.2 9.89 13.41 17.22 16.66 

2.46 -2.5 4.4 15.39 9.37 21 13.84 

4.75 5.2 7.2 20.11 9.6 24.5 13.79 

4.85 11 .9 9.2 24.94 8.1 27.72 14.15 
2.16 15.6 8 26.67 10.06 28.39 18.01 

1.83 14.9 8.1 25.94 8.41 28.56 16.28 

2.59 10.1 8.2 22.89 6.96 26.83 14.78 

2.51 3.9 7.3 16.56 6.4 22.67 9.3 

2.29 -5.4 7.2 9.61 8.66 16.94 10.19 

2.74 -15.5 5.6 5.33 10.31 13.94 11.63 
32.59 -1 .1 78.9 15.61 114.38 21 .33 161 .39 

VI--l 
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NM NP OK OM 

NomeT Nome P N. Platte T N. Platte P OkCityT OK City P Omaha T 

-15.3 2.6 -4.44 0.99 2.78 3.33 -5 

-14.7 2.4 -1.83 0.86 5.17 3.48 -2.67 
-13.4 2.2 2.44 2.31 9.17 5 3.44 

-6 2 9.28 5.23 15.5 7.92 11 .22 
1.7 1.8 14.94 6.78 20.22 13.18 17.06 
7.7 2.4 20 .44 7.42 25.56 11.35 22.56 
9.7 5.8 24.33 6.1 28.06 6.02 25.83 
9.4 9.7 23.17 5.36 28.22 6.4 24.28 
5.5 6.8 17.67 4.45 23.22 7.67 19.44 

-1 .3 4.3 10.94 2.64 17.17 6.38 13.06 
-8.6 2.9 2.67 1.4 9.11 3.96 3.83 

-14.3 2.5 -2.67 1.02 4.61 3.58 -2.56 
-3.3 45.4 9.72 44.55 15.72 78.28 10.89 

VI-00 
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OR PT PC 

Omaha P Orlando T Orlando P Pittsburgh T Pittsburgh P Pocotello T Pocotello P 

2.16 15.78 5.08 -1.72 7.54 -5.39 3.07 
2.21 16.61 6.15 -1 .56 5.56 -2.67 2.34 
3.35 18.83 8.66 2.67 8.43 2.11 2.59 
5.46 21 .78 8.69 9.44 7.82 8.06 2.69 
6.99 25.33 9.07 15.44 9.93 12.83 2.87 

11.46 27.39 17.68 20.22 9.6 17.11 2.44 
8.48 28.06 20.32 22.28 9.86 22.44 1.3 
7.92 28.22 17.63 21.56 8.41 21 .17 1.4 
8.03 26.67 18.36 17.89 6.45 15.72 1.55 
4.39 23.33 10.06 11 .72 6.4 9.5 2.26 
3.28 18.83 3.99 4.89 5.69 1.67 2.51 
2.06 16.06 4.8 -0.72 6.1 -2.56 2.54 

65.79 22.22 130.48 10.17 91 .8 8.33 27.56 

Ul-\0 



Appendix C - Climate Data 

PA PG PR 
Port Arthur T Port Arthur P Prince George 1 Prince George F Providence T 

12 10.74 -11.3 5.6 -1 .83 
13.33 11 .3 -7.5 4.4 -1 .89 
16.17 8.74 -2.3 3.6 2.67 
20.11 10.01 4.3 2.8 7.78 
23.72 12.55 9.7 4.3 13.78 

27 10.9 12.9 6.2 18.67 
27.72 15.24 14.9 6.4 21.67 
27.94 13.94 13.7 6.5 20 .78 
25.67 12.4 10.1 5.6 17.06 
21 .28 7.32 4.8 5.9 11 .5 
15.39 8.79 -2.5 5.7 5.89 
12.67 12.93 -8 .6 5.6 -0.22 

20.28 134.85 3.3 62.6 9.67 

PB 
Providence P Pueblo T 

9.53 
7.21 

9.09 
8.56 

7.67 
8.05 
7.77 
9.22 

8.1 
7.19 
9.5 

8 .76 
100.66 

-1.11 

1.06 
4.5 

10.39 

15.89 
21 .72 
24.72 
23.67 
19.22 

12.67 
4.44 

0.67 
11 .5 

Vl 
N 
0 



Appendix C - Climate Data 

QC QB RC 

Pueblo P Quad Cities T Quad Cities P QuebecT Quebec P Richmond T Richmond P 

0.79 -5.22 4.09 -11.5 7.9 3.72 8.79 

7.391.22 -3.5 3.43 -10.7 7.7 4.39 
1.32 1.89 6.07 -4.9 7 8.72 8.69 

83 10 8.05 3.2 7.8 14.5 
4.57 16.22 9.65 10.8 7.5 19.44 9.45 

3.1 21.89 11 .1 16.4 10.6 23.94 9.53 

4.62 24.22 8.28 19.3 10.7 25.61 14.25 

4.7 23 .11 8.97 18.2 9.1 24.44 14.07 

2.13 18.5 8.26 13.3 10.1 21 .22 9.27 

2.51 12.67 6.25 6.9 8.1 14.83 7.62 

1.35 4 4.95 -0.1 9.4 9.28 7.72 
0.76 -2.83 4.19 -8.8 9.9 4.28 7.54 

30.07 10.06 83.29 4.4 105.8 14.5 112.29 

N-VI 



Appendix C - Climate Data 

RS SJ SL SD 

Roswell T Roswell P St. John NB T St. John NB P St. Louis T St. Louis P San Diego T 

3.28 1.22 -6.9 14.4 -0.06 5.03 12.78 
5.61 1.07 -6.4 12.2 1.5 5.18 13.44 
9.72 1.27 -2 10.6 5.89 7.82 15 

15 1.85 3.8 10.5 12.72 9.42 16.39 
20 3.25 9.4 9.8 17.89 9.47 17.78 

25.06 2.67 13.9 9.4 23.39 10.9 19 
25.89 4.5 17.2 8.7 25.61 8.38 21.17 
24.78 4.11 17.1 10.8 24.89 7.67 22.11 
20.94 4.62 13.4 10.4 20 .83 7.01 21.06 

15 2.72 8.3 10.8 14.67 7.26 18.94 
7.72 0.86 2.7 15.3 6.72 6.53 16.56 
3.89 1.37 -4.3 13.3 1.56 5 13.94 

14.72 29.51 5.4 136.2 12.94 89.69 17.33 

V\ 
N 
N 



Appendix C - Climate Data 

SK sv 
San Diego P Saskatoon T Saskatoon P Savanna T Savanna P 

5.11 -17.6 1.5 10.94 7.06 
5.46 -14.9 1.6 11 .72 9.35 
3.99 -7.9 1.5 14.61 10.08 
2.01 3.6 2.1 18.72 9.4 
0.38 11 .2 3.4 23 9.58 
0.13 15.4 5.8 26.5 12.93 
0.03 19.3 6 27.39 16.79 

0.2 17.6 4.5 27.22 16.81 
0.38 11 .6 3.4 24.83 13.34 
1.24 4.9 1.9 19.56 6.55 
2.29 -5.8 1.8 14.06 5.21 
5.21 -13.2 1.7 10.78 7.14 

26.42 2 35.2 19.11 124.23 

SB 

Scottsbluff T 

-4.72 
-2.11 

1.61 
7.83 

13.44 

19.17 
23.67 
22.44 
16.78 
10.28 
2.28 

-2.78 

9 

Scottsbluff P 

0.84 
1.04 

2.24 
5.05 

6.71 
7.06 

3.68 
3.1 

3.28 
2.57 

1.45 

1.09 
38.1 

N 
UJ 

VI 



Appendix C - Climate Data 

ST TL TX TP 

Seattle T Seattle P Tallahassee T Tallahassee P Texarkana T Texarkana P The Pas T 

3.5 14.55 12.17 8.69 7.28 12.29 -21.7 

-18.2 4.89 10.77 13.11 10.62 9.17 10.21 

6.56 9.63 15.89 13.16 12.72 12.04 -11.4 

9 .56 6.1 19.72 11.79 17.72 13.46 -0.3 

13.06 4.39 23.83 10.41 22 12.45 8.7 

15.44 4.01 26.78 16.61 26.11 9 .88 13.9 

18.28 2.06 27.39 20.45 28.11 9.75 18.2 

17.83 2.41 27.28 17.6 28.11 7.8 16.7 

15.5 5.21 25.61 14 24.72 6.93 10.3 

11.33 10.21 20.89 6.17 18.94 7.57 3.3 

6.61 13.59 15.33 6.2 12.06 11 -7.9 

4.89 15.98 12.28 8.74 8.28 11.56 -16.8 

10.61 98.91 20 144.42 17.94 124.94 -0.4 

N 
+:. 

VI 



Appendix C - Climate Data 

TS TN 
The Pas P Tulsa T Tulsa P Tuscon T Tuscon P 

2 2.33 4.34 9.89 
1.7 4.78 4.5 11 .61 
2.1 8 .94 6.17 14.44 
2.6 14.94 10.21 18.83 
4.5 19.89 13.36 23.06 

6 25.17 11 .91 28.17 
6.8 27.89 7.47 30.17 
5.9 27.56 7.72 28.39 
5.5 23 .22 10.19 26.89 
2.8 17.11 8.41 21 .11 

2.9 8.67 5.79 14.5 
2.3 4.22 4.11 11.06 

45.1 15.39 94.18 19.83 

VB 

Vicksburg T 

2.08 9.56 

2.13 11.17 

1.35 14.5 

0.69 18.78 

0.33 22.72 

0.74 26.39 

5.23 27.5 
7.32 27.5 
2.54 25 
1.63 19.83 

1.57 13.78 
2.34 10.28 

27.94 18.94 

Vicksburg P 

13.82 

13.06 
15.32 

12 . 2~ 

10.72 

8 .41 
10.06 

6.88 
4.5 

5.64 

11 .71 
13.67 

126.06 

N 
VI 

VI 



Appendix C - Climate Data 

WH WC WM WL 

Whitehorse T Whitehorse P Wichita T Wichita P Wet Mt NWRT Wet Mt NWR P Willmington T 

-18.1 1.8 0 2.67 4.06 3.48 8.83 

9.28 -14.1 1.4 2.89 2.49 6.22 3.73 
-7.6 1.5 7.39 4.42 10.28 4.34 12.33 
-0.2 1.1 13.44 8.94 16.11 6.25 16.94 
7.5 1.3 18.28 9.63 20.28 13.36 21.39 

12.6 2.7 24.06 12.67 25.33 9.58 25.39 
14.2 3.5 27.17 8.71 27.78 6.81 26.67 

12.4 3.7 26.61 7.52 27.83 5.92 26.33 
7.9 2.5 22.06 8.2 23.5 7.14 24 

0.7 1.9 15.67 5.54 17.17 6.71 18.56 
-8.2 2.3 7.28 4.39 9.44 3.33 13 

-15.1 2 1.94 2.79 5.28 3.51 9 
-0.7 25.7 13.89 77.98 16.11 74.14 17.67 

Ve 
N 
CJ', 



Appendix C - Climate Data 

Willmington P 

7.24 

8.69 

10.24 

7.26 

8.94 

10.82 

19.51 

17.42 

15.98 

7.65 

7.85 

8.69 

130.28 

WN 

Winnipeg T 

-17.7 

-15.5 

-7.9 

3.3 

11 .3 

16.5 

20.2 

18.9 

12.8 

6.2 

-4.8 

-12.9 

2.5 

Winnipeg P 

2.62 

2.08 

2.74 

2.97 

5 

8.1 

6.88 

7.01 

5.49 

3.66 

2.9 

2.24 

51.69 

YK 

Yakima T 

-2.5 

1.11 

5.56 

10.28 

14.72 

18 

21.67 

20.33 

16.28 

10.28 

3 

-0.28 

9.89 

Yakima P 

3.02 

2.21 

1.57 

1.19 

1.37 

2.06 

0.33 

0.51 

0.89 

1.52 

2.44 

2.84 

19.96 

YT 

Yakutat T 

-2.6 

-1.9 

-0.3 

2.8 

7 

10.3 

12.3 

12.1 

9.6 

5.5 

1 

-2.2 

4.4 

Yakutat P 

27.6 

20.8 

22.1 

18.4 

20.3 

12.9 

21.4 

27.7 

42 

49.8 

40.7 

31.2 

334.8 

Vl 
N 
-....J 



Appendix C - Climate Data 

YM 
YumaT YumaP 

13 0.99 
15.06 0.91 
18.61 0.61 
22.44 0.23 
26.44 0.03 
30.67 0.03 
34.61 0.58 
33.61 1.27 
31 .17 0.97 
24.61 0.97 
17.72 0.3 
13.89 0.81 

23.5 7.7 

Vl 
N 
00 
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