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BACKGROUND AND PURPOSE

The work reported here is part of an extended study of
paleoenvironmental change and human adaptation in the
deserts of western Utah.  This research, involving both
archaeological excavations and the recovery of strictly  paleo-
ecological materials, is loosely grouped under the rubric of
“The Silver Island Expedition,” since much of the work has
been conducted in the vicinity of the Silver Island Mountains
along the western margin of the Great Salt Lake Desert
(Madsen, unpublished data).  The paleoecological aspects of
the project, presented primarily in this volume, have two
separate but related purposes.  First, understanding both the
diversity and similarity of human adaptation through space
and time is only possible within the context of the larger bio-
tic communities of which people are a part.  Since the more
than 12,000-year history of people in the deserts of the east-
ern Great Basin (figure 1) spans a prolonged period of pro-
found environmental change, understanding the nature of
that change is critical to understanding human behavior and
adaptation in the region.  For that reason, much of the arch-
aeological research conducted under the umbrella of the Sil-
ver Island Expedition and funded by the National Science
Foundation, the U.S. Bureau of Land Management, the Utah
Division of Water Resources, and the U.S. Department of
Defense has had a significant paleoecological component
geared towards clarifying the environmental context within
which people act.                       

Second, modern ecosystems are a part of a continuum of
change in terms of both composition and distribution, and

understanding the nature and trajectory of that change is crit-
ical to those charged with the responsibility of managing
these ecosystems in an appropriate fashion.  Resource man-
agers are managing change, not stasis, and an adequate
explanation of how and why that change occurs is a neces-
sary component of any management strategy.  For that rea-
son, much of the paleoecological research conducted as part
of the Silver Island Expedition, and funded by land manage-
ment agencies, has been oriented toward the definition of a
detailed environmental record and the impact that human-
populations have had in shaping that record.  

To some extent, this second research focus is a product
of problems encountered as work on the archaeological
aspects of the expedition progressed.  That is, it became
increasingly clear that the origin of biotic components at
many archaeological sites, particularly cave sites, could not
be readily identified, and that our inability to distinguish
human from non-human floral and faunal accumulations in
Great Basin caves and rockshelters created a taphonomic
problem that was not easily resolved.  This is a problem well
known to archaeologists and paleontologists worldwide (see
Binford, 1984; Stiner, 1995) and, while a variety of tech-
niques have been developed to help distinguish cultural from
non-cultural deposits (see Lyman, 1994), it still remains
impossible to confidently disentangle materials transported
into a cave by people and those deposited by other animals.
In short, such a depositional mixture is problematic when
viewed archaeologically, but this “problem” can be turned to
an advantage by examining the combined deposits biogeo-
graphically, and by using the stratigraphy created by human
occupation to help interpret changing environmental condi-
tions.  Viewed in this way, it has become clear that the dry
stratified caves of the Bonneville basin can provide extraor-
dinary sources of data for interdisciplinary paleoecology pro-
grams focusing on changes in small mammal populations
and corresponding vegetational changes during the late Qua-
ternary. 

Initial work in the general area (Jennings, 1957; Aikens
and Madsen, 1986; Grayson, 1988) has suggested that many
of the limestone caves modified by Pleistocene Lake Bon-
neville were occupied by raptors and other carnivores im-
mediately after the lake receded 14-15 ka.  Although people
began to occupy many of these same caves by 10 ka, the
intermittent cultural use associated with most of these sites
was not usually sufficient to dislodge the raptors and other
carnivores (Marti, 1986; Andrews, 1990).  Such intermittent
use did, however, produce a highly stratified depositional
record which allows change through time to be readily iden-
tified.  For example, at Danger Cave, near Wendover, Utah
on the western margin of the Bonneville basin, 108 identifi-
able depositional units spanning the last 13 ka have been
identified (Madsen and Rhode, 1990).

These dry caves share two additional features that make
them particularly useful as paleoecological laboratories.
First, since they are dry, they are also home to woodrats,
whose fossilized packrat nests provide clues to surrounding
vegetation spanning the last 50 ka or longer (Betancourt and
others, 1990).  Combined with floral remains brought to the
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Figure 1. Map of the western United States showing the location of
the Great Basin and the Bonneville basin along its eastern margin.
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caves by later human occupants, the plant record produced
by these fossil nests provides the necessary background
against which the small mammal record can be examined.
Second, many of the western Utah mountain ranges in which
these cave and fossil middens are found are completely iso-
lated within the vast expanse of the flat salt desert.  As a
result, faunal records from these ranges provide a test of bio-
geographical theories of change in isolated animal popula-
tions (see Brown, 1971; Grayson, 1987, in press).  Examina-
tion of such theories is important in understanding rates of
extinction and in developing ways to deal with endangered
species problems.

Small mammal remains and plant macrofossil records
provide extraordinarily useful proxy data for paleoclimatic
change because they can often be identified to the species
level (thereby allowing the identification of specific temper-
ature and precipitation requirements, as in Thompson and
others, 1999) and because they can be recovered in samples
large enough to offset factors of chance in the discovery
process. Other paleoenvironmental records, such as pollen
sequences (see Madsen and Currey, 1979; Spencer and oth-
ers, 1984), lake level fluctuations (see Currey, 1990), and
megafaunal remains (see Nelson and Madsen, 1980), are
available for the area but are too generalized to allow the
reconstruction of historic native habitats and the changes
those habitats have undergone.  Moreover, with the exception
of isostatic rebound associated with the disappearance of
Lake Bonneville, tectonic and geomorphic change has been
limited, and any changes in floral and faunal records can be
attributed directly to climatic events.

ECOSYSTEMS AND ENVIRONMENTAL
CHANGE

One of the principal differences between many ecolog-
ical studies of modern biological communities and paleoen-
vironmental studies, which often span tens of thousands of

years, is the contrasting views about the validity of the
ecosystem concept these synchronic and diachronic studies
produce.  This concept is essentially that the plants, animals
(including people), and the physical setting of a particular
region are formed into groups of interrelated species which,
together with specific physical variables, affect and are
affected by each other in such a way that they constitute a
“system” that is essentially greater than the sum of its parts
and which changes or develops as a whole independent of its
constituent parts (Odum, 1953).  This is most often a func-
tional, static view of a current biome, but even when the ele-
ments of time and change are included, this “system” is
essentially fixed.  Ecosystems may be conceived and studied
in various sizes, but “as long as the major components are
present and operate together to achieve some sort of func-
tional stability the entity may be considered an ecosystem”
(Odum, 1953, p. 11).  In this view each ecosystem responds
as a whole to changing climatic conditions: pygmy woodland
communities move up or downslope on western mountains
together in response to long-term heating and cooling cycles,
and hardwood forests move north and south through eastern
North America in response to glacial advances and retreats.

This ecosystem concept was initially developed by biol-
ogists in the 1930s and has come to dominate environmental
planning and land management.  Yet many modern biologists
are beginning to abandon the functional (as opposed to
descriptive) aspects of the ecosystem concept just as it has
been fully incorporated into environmental management pol-
icy (see Diamond and Case, 1986; Johnson and Mayeux,
1992; Tausch and others, 1993; Wigand and Rhode, in press).
Much of this change is due to the work of paleoecologists
whose studies of paleoenvironments over the course of the
last 20 to 30 years have repeatedly shown that ecosystems do
not exist except as conceptual constructs imposed by the
ecologists who describe them (see Grayson, 1993, p. 142-
143).  That is not to say that many species are not interde-
pendent nor that particular physical variables do not affect a

Figure 2. View of stratified deposits at Danger Cave.  Photo courtesy University of Utah, Department of Anthropology, Archaeology Center.



number of plant and animal species simultaneously.  Clearly,
many species are interrelated, and a change in the density
and/or distribution of one will affect the density and/or dis-
tribution of another.  What is becoming equally clear, how-
ever, is that the composition of biological communities is not
fixed and that recent, historically known communities are
simply one point in a continually changing mosaic of plants
and animals.

“Systems” do not change as a whole, but rather individ-
ual plant and animal species react independently to the
changing physical and biological environments around them.
Communities do not move up and down the mountain in
response to changing climatic conditions; individual plants
and animals do.  Some respond quickly to such changes,
some respond more slowly, and some do not respond at all.
Individual components of a community die out, and others
are added, and the “system” is composed of whatever hap-
pens to be present at the moment it is described.  As Tausch
and others (1993, p. 444) suggest:

The ecosystem idea represents a paradigm used
to synthesize principles of ecological science
into a set of concepts or models to interpret the
highly complex, nonlinear causal networks or
developmental pathways of energy, matter, and
information flows.  These models of ecosystem
dynamics have been largely based on assump-
tions of equilibrium conditions.  Equilibrium
conditions, however, are an artifact of the tem-
poral and spatial scales of the observations on
which they are based.  From approximately
100,000 to 1.6 million years of available vegeta-
tion change data, it is apparent that today’s com-
munities are composed of species that arrived at
different times, from different sources, and that
had to cope with different biotic interactions.
Past vegetation changes generally coincide with
climate variations that records of temperature
and lake level fluctuations indicate have been
occurring for about 2 million years.  Each com-
bination of species, environment, and topogra-
phy is in some way unique in both space and
time.  There is no “natural vegetation” in the
common usage or interpretation of the term
based on equilibrium conditions.

Examples of these changing community mosaics, virtu-
ally all derived from paleoenvironmental studies with long-
term chronological components, are becoming increasingly
numerous.  For example, in the eastern United States and the
upper Midwest, where deciduous and mixed conifer-decidu-
ous forests now occur, a large number of pollen studies
together provide the basis for mapping differential forest
composition through time (see Davis, 1983; Webb and oth-
ers, 1983).  The changes are most pronounced during a 4000
to 5000-year transitional period at the close of the last ice age
but occur throughout the period spanning the last full-glacial
episode to the present.  If plant communities (and the animals
they support) functioned as “systems,” one would expect that
they would respond as a whole to changing climatic condi-
tions.  They do not.  Rather, species such as oak, hickory,
hemlock, pine and spruce have reacted differentially and
“individualistically” to changing climatic conditions, with
several major tree species taking nearly 10,000 years to reach

their modern distributional configurations (figure 3).  In the
Midwest, this individualistic response to changing conditions
resulted in the development of forest communities which
seem “...anomalous in comparison with present-day forests”
and which are difficult to interpret because of the “lack of
modern analogues” (Webb and others, 1983, p. 159-160).

In the Great Basin, plant macrofossil studies with
chronologies spanning the last 30 ka suggest that the compo-
sition of plant communities has also changed dramatically.
This paleoenvironmental research is focused both on studies
of fossil packrat middens (see Thompson and Mead, 1982;
Spaulding, 1985; Rhode and Madsen, 1995) and on the
examination of macrofossils from dry, stratified caves (see
Madsen and Rhode, 1990).  Together these studies indicate
that not only have communities moved north and south and
up and downslope in response to changing climatic condi-
tions, but that the composition of these communities has
changed dramatically.  In the southern Great Basin, for ex-
ample, plant communities on valley bottoms and mountain
slopes were very different during both the last glacio-pluvial
period and during a subsequent long transitional period com-
pared to today’s conditions, and they have no modern analog.
In the Sheep Range, Joshua trees, limber pines, junipers, yuc-
ca and shadscale all co-occurred, a combination found rarely
if at all in current communities (Spaulding, 1985, 1990). 

These dramatic differences do not represent a simple
massive but singular shift from ice-age to recent climates,
but rather are a product of a continuing adjustment of indi-
vidual species to changing conditions.  The modern pygmy
woodland forest of pinyon and juniper found over much of
the western United States is a comparatively recent phenom-
enon.  Not only has the particular species of juniper in the
community changed (see Thompson, 1990), but pinyon pine,
now such a dominant part of the community is an almost
completely new addition.  Prior to 10 ka pinyon was restrict-
ed to the Southwest and the extreme southern Great Basin.
With the shift to post-glacial climatic conditions, pinyon
began to migrate northward and did not reach its modern dis-
tributional configuration until about 3 ka (Thompson, 1990;
Madsen and Rhode, 1990; Rhode and Madsen, 1998).  Mod-
ern studies of the pinyon-juniper woodland suggest a  sub-
stantial change in its distribution during the last century and
a half, and it remains an open question as to how much of this
change is due to continuing adjustments to climate or to mas-
sive modern human intervention such as grazing and logging
(see Everett, 1987).  This migration pattern suggests that the
“ecosystem” at any one time was substantially different from
the “ecosystem” at any other time, and that “natural” or “cli-
max” communities do not exist except as short-term phen-
omena.

This is a critical concept for resource management, and
Davis’ account of Holocene vegetational change in the east-
ern United States is instructive:

.... species of trees moved northward individual-
istically.  Forest communities have represented
fortuitous combinations of species during the
Holocene.  Many modern communities are very
young; they include dominant species that have
grown locally for only a few thousand years....
Evolutionary processes that may have adapted
co-occurring species to one another have had
very little time in which to take effect...extensive
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contractions and expansions of species ranges
occurred during each glacial-interglacial cycle,
that is 16 to 18 times during the Quaternary.
Chance differences in climate and geography
from one interglacial to another, and loss or gain
of biotypes through time, have resulted in differ-
ent geographic distributions and thus different
communities during each interglacial (Davis,
1983, p.173).

In short, change, not stasis, is the keystone of all environ-
mental systems, and “ecosystems” are continually being
modified in terms of both composition and distribution.  As
a result, the problem in environmental resource planning lies
in determining the type of change that is appropriate rather
than in attempting to maintain the status quo. 

The paleoenvironmental changes described above take
place on the order of thousands of years; geologically speak-
ing, in the blink of an eye.  To repeat Davis (with added
emphasis): “many modern communities are very young,
[they have] grown locally for only a few thousand years”;
and, in terms of environmental change, a few thousand years
really is very recent.  In human terms, however, a few thou-
sand years is well over a hundred generations long, and that
time span is an order of magnitude longer than the period of
time elapsed since the beginning of the Industrial Revolu-
tion.  Ecological change does occur - one species replaces
another, the composition of ecosystems change, and whole
biomes replace one another.  These changes occur at a pace
that is virtually unrecognizable to the average person, how-
ever, leading to the idea that ecosystems are stable “things.”

4 Utah Geological Survey

8

12

10

White
Pine

0 400 km 0 400 km

10

8

6

4

Chestnut

0 400 km 0 400 km

Maple Elm

14

12

10

8

6

10

8

6

14

12

Figure 3. Schematic diagram of the Holocene migration of four tree species in the eastern United States (from Davis, 1983, p. 174).  Lines repre-
sent the northernmost distribution of the species for a particular time (in thousands of years).



This is a problem that Magnuson (1990) refers to as the
“invisible present,” and its solution requires a long-term per-
spective available only through the acquisition of paleoeco-
logical information (see Schoonmaker and Foster, 1991).
One of our major purposes here is to provide such a long-
term perspective by better defining late Quaternary paleoen-
vironmental change in the Bonneville basin.

This view of ecosystems - as organizing constructs im-
posed on continuously changing biotic communities - must,
however, be tempered by the time-scales used to explore that
change.  Throughout much of the Quaternary, for example,
the pace of change has been such that the diversity of plants
and animals has, for the most part, not been significantly
reduced.  With each slight change in climate, one species
may eventually displace another geographically, but it is
extremely rare that whole classes of plants and animals cease
to exist.  The pace of change is such that while the composi-
tion of a particular environmental landscape may change, the
array of plants and animals within it more rarely (or more
slowly) does.  This paradox, between the stability of com-
munities as a whole and the variability of the particular
species within them, is very apparent in interpretations
drawn from previous paleoecological work in the Bonneville
basin.

PREVIOUS WORK

What is known of the late Quaternary paleoenvironmen-
tal history of the Bonneville basin has been drawn, for the
most part, from studies of Lake Bonneville shoreline geo-
morphology (see  Currey, 1990) and from the geochemistry
of deep-water lacustrine depositional sequences (see Eardley
and others, 1973; Oviatt and others, 1999).  With a few
important exceptions, studies of past biotic communities are
limited to a few generalized pollen records.  Most of these
are, in turn, limited in time to the Holocene, and long-term
records spanning the Quaternary are rare.  For western North
America as a whole, vegetational communities appear to
have been relatively stable since the Pliocene (Axelrod and
Bailey, 1969; Axelrod, 1976; Wolfe, 1981).  More recently
reported, long-term pollen records from in or near the Bon-
neville basin confirm this early assessment (see Davis, 1997;
Thompson, 1992b; Thompson and others, 1995).  Deep cores
from the Great Salt Lake suggest that “vegetation indisting-
uishable from modern types of the western U.S.A. has exist-
ed in the Great Salt Lake basin for the last 4 million years”
(Davis and Moutoux, 1998).  To some extent, however, this
apparent stability may be a product of the generalized nature
of pollen records (particularly from lakes at the end of large
drainage basins) and the limited number of taxa that can be
identified to the species level.  After about 900 ka there is a
change to steppe-like vegetation characterized by an increase
in pine and sagebrush pollen which is associated with the
onset of pluvial oscillations in the basin.

Biotic conditions in the Great Salt Lake basin are better
known for the Lake Bonneville pluvial cycle spanning 30-12
ka, but still remain rather generalized in comparison to
Holocene records (Wigand and Rhode, in press).  Pollen in a
short core from Great Salt Lake provides a somewhat more
detailed record, particularly in terms of chronology, and
species-level data are available from fossil woodrat middens
along the southern edge of the Bonneville basin.  Isolated

finds of Pleistocene megafauna in Bonneville and Provo-
level shoreline deposits provide some estimate of large her-
bivore communities and associated predators.  The most
comprehensive pollen record comes from a 5-meter core col-
lected from Great Salt Lake (Spencer and others, 1984),
although less detailed late Pleistocene pollen records are also
available for the lake (see Martin and Mehringer, 1965;
Mehringer, 1977, 1985).  Absolute and relative percent
pollen counts from the core, redated by Thompson and oth-
ers (1990), show an almost total dominance of coniferous
pollen (figure 4).  Sagebrush (Artemisia spp.) is also well
represented in the absolute pollen count, and it is probable
that the relatively dense forest cover suggested by the conifer
pollen was restricted to the higher and more massive Wasatch
Range and Uinta Mountains east of the lake, with more open
cold-steppe vegetation found at least at lower elevations in
the central and western basin.  This period of extensive conif-
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erous forest lasts from ~22 to ~12 ka and extends several
thousand years before and after the lake approached its max-
imum elevation.  Between ~12 and ~8 ka conifer pollen is
gradually replaced by pollen of a xeric desert scrub commu-
nity including greasewood (Sarcobatus spp.) and shadscale
(Atriplex spp.).  The dominance of these playa margin com-
munities probably reflects both the exposure of valley floor
habitats and a reduction in the contribution, via stream flow,
of pollen from the eastern mountains.

Plant macrofossils from fossil woodrat nests collected in
the Confusion, Wah Wah, and Snake ranges along the south-
western margin of the Bonneville basin are available for at
least the latter part of this period (Wells, 1983; Thompson,
1984, 1990).  In the Snake Range, a limited number of plu-
vial-age middens is dominated by spruce (Picea spp.), pros-
trate juniper (Juniperus communis) and mesic shrubs such as
buffaloberry (Shepherdia sp.) (Thompson, 1984).  Limber
pine (Pinus flexilis) and Douglas fir (Pseudotsuga menziesii)
apparently began to expand through the region during the
late pluvial, sometime after ~14 ka.  Limber pine, prostrate
juniper, mountain mahogany (Cercocarpus spp.) and a vari-
ety of mesic shrubs remain at depressed elevations (although
often in cold-air drainages) throughout an early Holocene
transitional period that lasted until about 7.5 ka.

A limited array of large mammals is known from de-
posits of the last lake cycle in the vicinity of Great Salt Lake
(Nelson and Madsen, 1980, 1987; Heaton, 1990; Jefferson
and others, 1994).  By far the most common specimens are
those representing mountain sheep (Ovis canadensis), musk
ox (Bootherium/Symbos spp.) and mammoth (Mammuthus
columbi).  Together these three species constitute more than
90% of the large herbivore specimens known from around the
lake (table I). Camel (Camelops sp.), horse (Equus sp.),
American bison (Bison sp.) and mastodont (Mammut sp.) are
present in limited quantities. Peccary (Platygonus compres-
sus) and ground sloth (Megalonyx jeffersonii) are represent-
ed by single individuals.  Large predators are missing from
the Lake Bonneville sequence for the most part, although a
single gray wolf (Canis lupus) has been identified, and omni-
vores such as the giant short-faced bear (Arctodus simus) and
black bear (Ursus americanus) are present.

Biotic conditions during the Holocene are known pri-
marily from a variety of pollen sequences at montane situa-
tions on the Great Salt Lake basin margins (see Mehringer
and others, 1971; Madsen and Currey, 1979; Davis, 1984),
from pollen sequences at valley floor marsh and lake settings
(see Bright, 1966; Mehringer, 1977, 1985; Thompson,
1992a), and from faunal and plant macrofossil records at lake
margin cave sites (see Harper and Alder, 1970, 1972; Gray-
son, 1988; Madsen and Rhode, 1990).  Together these re-
cords suggest that until ~8 ka conditions were slightly cool-
er and possibly more mesic than at present (figure 5), and
that the lower montane and foothill zone now covered with
pinyon/juniper woodlands was largely an open, brushy
steppe.  By ~10 ka limber pine woodlands had disappeared
from these zones, but single-leaf pinyon (Pinus monophylla)
and Utah juniper (Juniperus osteosperma) were largely ab-
sent until 7-8 ka (Mehringer, 1986; Thompson, 1990; Mad-
sen and Rhode, 1990; Rhode and Madsen, 1998).  By 7 ka,
the composition and distribution of modern biotic communi-
ties was basically established, although changes in the pro-
portions and ecotone elevations continued to occur.  At lower
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Table I

Large vertebrates (>30 kg) of Lake Bonneville age (~20-10 ka) in
the Great Salt Lake basin.  Number of individuals is shown in

parentheses.

Bootherium spp. [Musk ox] (34+)
Ovis canadensis [Mountain sheep] (24+)
Mammuthus columbi [Columbian mammoth] (21+)
Camelops hesternus [Yesterday’s camel] (5)
Equus sp. [Horse] (5)
Bison bison cf. antiquus [American bison] (3)
Arctodus simus [Short-faced bear] (2)
Mammut americanum [American mastodont] (2)
Vulpes vulpes [Red fox] (2)
Canis lupus [Gray wolf] (1)
Megalonyx jeffersonii [Jefferson’s ground sloth] (1)
Navahoceros cf. fricki [Mountain deer] (1)
Odocoilus hemionus [Mule dear] (1)
Platygonus compressus [Flat-headed peccary] (1)
Ursus americanus [Black bear] (1)



elevations shadscale began to dominate more thoroughly as
sagebrush communities moved higher up on foothill slopes
(Thompson, 1990).  At higher elevations tree lines moved
upslope above modern elevations during the mid-Holocene
(Bright, 1966; LaMarche and Mooney,1972) and downslope
below modern elevations in the late Holocene (Bright, 1966;
Madsen, 1984), possibly corresponding to neoglacial events
in the Rocky Mountains.  The relative proportion of conifers
within these forest communities has also changed substan-
tially during the late Holocene (see Madsen and Currey,
1979).

RESEARCH STRATEGY

The central component of our initial research strategy
was to examine a variety of locations in the western margin
of the Great Salt Lake basin, select a suitable dry cave site in
one of these isolated ranges, and collect a 1-square-meter
sample column from the deposits.  Our intention was to
describe the stratigraphy of the selected cave and photograph
and map it in detail.  Individual stratigraphic units were to be
removed in total, bagged, and taken to the laboratory for sort-
ing, detailed examination, and dating by a variety of means.
We planned to obtain multiple dates on individual deposi-
tional units in order to maximize chronological control.  We
intended to retrieve several kinds of data from this column.
First, and most importantly, we expected to retrieve a large
collection of small bones (including mammals, birds and rep-
tiles) derived from raptor pellets.  Raptors provide a relative-
ly comprehensive sample of small vertebrates from a very
local area (see Marti, 1986), and bones from stratified raptor
deposits can provide a relatively detailed proxy record of
changing environmental conditions.  Second, we expected to

retrieve cultural materials, particularly in the upper strata,
related to the occupation of the area by hunter-gatherers who
visited these caves intermittently (see Aikens and Madsen,
1986).  This would allow us to relate change in local flora
and fauna to cultural change in the area.  Third, we hoped to
obtain a vegetational record from the column that could sup-
plement the faunal record.  We hoped to employ both plant
macrofossils and pollen in defining this floral record and to
use that information to assist in reconstruction  of plant bio-
geography and climatic change.

Another major component of our research strategy was
to search out, collect, date and identify the components of
fossil woodrat middens from the western Great Salt Lake
basin.  Fossil packrat middens are composed of plant frag-
ments, fecal pellets, pebble-sized rocks, bone and other
debris.  This indurated mass of material is often encased in
crystallized urine (termed “amberat”) which makes it resist-
ant to destruction and erosion and preserves it for thousands
of years (Betancourt and others, 1990).  Middens in excess of
50,000 years old have been reported.  Woodrats (Neotoma
spp.) collect 40-80% of all plants (depending on the number
of middens examined) within a 15-ha area around their nests
(Dial and Czaplewski, 1990), and the vegetation in the mid-
dens, while biased towards woody species (Frase and Sera,
1993), represents a relatively complete record of very local
vegetation.  These midden records are essentially point sam-
ples in both space and time and, consequently, a large library
of such records is required in order to identify regional envi-
ronmental change.  We expected to collect and date 30 to 50
middens from the study area to offset this disadvantage.  On
the other hand, the singular advantage midden records have
over pollen records (the other principal source of long-term
vegetational data) is that individual species can be identified
and specific climatic constraints can be defined (see Thompson
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Figure 6. View of Pilot Peak, one of the large, high-elevation mountain ranges on the margin of the Great Salt Lake basin, looking west from a cave
in the Silver Island Mountains, one of the small, low-elevation ranges in the basin interior.



and others, 1999).
Woodrat middens have not previously been reported

from the Great Salt Lake basin; the nearest record is from
Granite Creek Canyon on the eastern flank of the Deep Creek
Range (Thompson, 1990).  Extant midden records from the
southern Bonneville basin are primarily from the higher and
more massive mountain ranges on the basin margins and may
be biased in terms of the overall distribution of plant com-
munities.  We hoped to eliminate this bias by structuring our
search to include smaller, low-elevation interior mountain
ranges such as Granite Peak and the Silver Island Mountains,
and larger, high-elevation ranges such as the Stansbury
Mountains, Pilot Range, and Deep Creek Range (figure 6).
Middens from such diverse settings should allow us to detect
differential migration into the region of recent additions to
local communities such as pinyon and ephedra.

In addition to these two major components, we expected
to conduct a number of ancillary studies to help interpret the

faunal and floral record.  First, we planned to trap and iden-
tify small mammal populations in the vicinity of the selected
cave to provide a modern standard against which to evaluate
late Quaternary change in the faunal assemblage.  Similar
plant records and collections were to be made in the vicinity
of each fossil midden that was collected.  Second, we intend-
ed to examine other geomorphological features near the cave,
such as the banks of dry stream beds, in an effort to identify
Pleistocene megafauna which may be present.  Third, we
hoped to explore a variety of geochemical sequences through
the length of the sample column, such as strontium ratios (see
Quade and others, 1997) and hydrogen isotope ratios (see
Friedman and Gleason, 1980).  Finally, a variety of addition-
al biotic components ranging from gastropods to fecal pellets
could occur in the sample column.  We planned to investigate
these components in detail if they occurred consistently
enough and in high enough frequency to act as sources of cli-
matic proxy data.
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GEOLOGY OF THE GREAT SALT LAKE
BASIN

The Great Salt Lake basin is the northernmost of three
major hydrological subbasins in the Bonneville basin, which
is the easternmost major drainage basin in the Great Basin.
The Great Basin can be defined in a variety of ways, and
there are a number of competing hydrographic, physiographic
and floristic definitions (see Grayson, 1993).  The Bonneville
basin is part of the Basin and Range Province (see Hunt,
1967) and like the Great Basin itself can be defined both
hydrologically (see Gilbert, 1890) and physiographically.
The fault-block mountains which characterize the province
(Gilbert, 1928) began forming during the late Tertiary ~15
million years ago (Miller, 1991).  Ongoing crustal extension
has created a series of north-south-trending fault-block
mountains separated by long, narrow graben and half-graben
valleys filled with Tertiary strata and Quaternary alluvium
(Atwater, 1970; Zoback and others, 1981; Miller, 1991).  In
the Great Salt Lake basin, the Raft River Mountains, Pilot
Range and Deep Creek Range (which reach ~3600 m) con-
strain the basin on the northwest and west, while the larger
and more massive Wasatch Range bounds it on the east and
forms the eastern margin of the Great Basin as well (figure 7).
Major fault-block mountains within the Great Salt Lake
basin include the Oquirrh, Stansbury, Promontory, Grouse
Creek and Cedar Mountains.  The Lakeside, Silver Island, Ter-
race/Hogup, Newfoundland, Fish Springs, Simpson and Dug-
way ranges are smaller in both area and elevation, and a host
of even smaller ranges is scattered throughout the basin.

In the eastern part of the Great Salt Lake basin, many of
these smaller mountain ranges consist primarily of Missis-
sippian, Pennsylvanian and Permian strata (Doelling, 1980;
Hintze, 1988).  In the west, most bedrock outcrops are Cam-
brian through Devonian carbonate rocks, although older
quartzite and younger limestone formations occur as well.
Igneous intrusive rocks are present in a number of locations;
a major granite intrusive is present in the Deep Creek Range.
Tertiary volcanics are scattered along the western margin of
the Great Salt Lake basin and a major source of obsidian
occurs on Topaz Mountain on the southern edge of the Great
Salt Lake Desert.

In the northern Lakeside Mountains in the vicinity of
Homestead Cave, the major exposures are Mississippian
through Permian limestones, although a fault-block wedge of
Cambrian through Devonian strata occurs in the Salley
Mountain area (Doelling, 1964, 1980; Hintze, 1988).  These
major exposures include the Cambrian Nounan and St.
Charles Formations; the Ordovician Garden City, Swan Peak
and Fish Haven Formations; the Silurian Laketown
Dolomite; and the Devonian Water Canyon, Simonson and
Guilmette Formations.  The largest exposures, by far, are
Mississippian limestones which form parallel, north-north-
east-trending, cliff-forming ridges.  These are comprised
almost entirely of Great Blue Limestone, although small
exposures of the Madison Limestone, Deseret Limestone and
Humbug Formation occur as well.  The Great Blue Lime-

stone is characterized by ubiquitous horn corals, crinoids and
brachiopods.

Homestead Knoll (renamed from Gosiute Mountain in
1970) is part of the Gosiute syncline and contains the only
Pennsylvanian-age rock exposed in the northern Lakeside
Mountains.  These are units 1 and 2 of the Oquirrh Formation
(Doelling, 1964).  Unit 2 consists of a resistant silty and
sandy limestone and buff, calcareous sandstone which forms
cliffs approaching 100 m in height.  Chert is very common
within the formation.  Underlying unit 1 is unit 2 in which
Homestead Cave is formed.  It is a very thick to thick-bed-
ded gray limestone.  Fossils are not well identified, but are
primarily crinoids and brachiopods.  Bedding is almost ver-
tical in the vicinity of Homestead Cave, and strikes 31° east.

QUATERNARY FEATURES

Geomorphology below elevations of 1700 m in the Great
Salt Lake basin is primarily the result of the late Quaternary
rise and fall of Lake Bonneville during Isotope Stage 2.
Although closed-basin lakes have occupied the basin for at
least the last two million years (Morrison, 1991; Machette
and others, 1992), geomorphological features produced by
these lakes are generally limited to valley floor lacustrine
deposits.  With rare exceptions (see Morrison, 1965; Scott
and Shroba, 1985; Oviatt, 1988a), the alluvial and shoreline
features are primarily associated with the Bonneville lake
cycle and were formed in the last 30,000 years (figure 8).
Eardley and others (1973) recognized 28 cycles of lake for-
mation and desiccation in cores from Great Salt Lake span-
ning the last 8-900,000 years.  Later work (Scott and others,
1983; McCoy, 1987; Oviatt and others, 1987; Machette and
others, 1992) suggests that two major lake cycles, the Little
Valley (~130-160 ka) and Cutler Dam (~60-75 ka), may cor-
respond to Isotope Stages 6 and 4, respectively.  Oviatt and
others (1999) reexamined the Burmester core and identified
only 4 (as opposed to 28) deep-lake cycles apparently corre-
lating with marine oxygen Istotope Stages 2, 6, 12, and 16.

The age of the Cutler Dam lake cycle is poorly con-
trolled since it exceeds the radiocarbon-datable time-scale
(all ages within the radiocarbon time-scale are in radiocarbon
years unless otherwise noted).  Oviatt and others (1987) pro-
vide a limiting radiocarbon age estimate of >36,000 years.
McCalpin (1986) obtained thermoluminescence age esti-
mates of 76 and 82 ka for the probably contemporaneous
Hansel Valley lake cycle (see also McCalpin and others,
1992).  In the Salt Lake Valley, Keaton and others (1987)
reported amino acid racemization age estimates of 45-80 ka
for the Cutler Dam cycle, but suggest that it had ended by
about 58 ka.  Taking these age estimates together, Machette
and others (1992) suggested an age of 60-75 ka for this
penultimate lake cycle in the Bonneville basin.  These dates
should be considered tentative, however.

Sometime before about 35 ka, the Bear River was di-
verted from the Snake River drainage system into the Bon-
neville basin by lava flows in southern Idaho (Bright, 1967).

CHAPTER TWO

Setting
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Figure 7. Major geomorphic features in the western part of the Great Salt Lake basin.



Bouchard and others (1998) suggested that this likely oc-
curred ~50 ka.  The Bear River currently contributes a third
to half of all surface runoff to modern Great Salt Lake, and
its addition to the Bonneville basin drainage system signifi-
cantly altered the nature of subsequent lake-level fluctua-
tions.  The transgressive phase of the Lake Bonneville cycle
probably began about 30 ka (Oviatt and others, 1992), and
consisted of a 10,000 to 15,000-year period of oscillating,
but generally rising lake cycles peaking at the Bonneville
level about 15.3-15.0 ka.  This general trend was interrupted
by a climatically controlled stillstand which formed the
Stansbury shoreline complex, and a ~45 m lake-level regres-
sion (Currey and Oviatt, 1985; Oviatt and others, 1992).  The
oldest shoreline features are poorly dated but were probably
formed sometime about 22 ka.  The subsequent Stansbury
regression is dated to sometime between 22-20 ka by Oviatt
and others (1992).

The Stansbury shoreline complex on the northern Lake-
side Mountains has not been studied in detail but occurs at an
elevation of ~1360-1405 m.  At the top of this shoreline
complex, the Lakeside Mountains are connected to the Cedar
Mountains to the south by a low tombolo.  After the Stans-
bury oscillation, the range became an increasingly smaller
island as the lake rose to its highest levels.  Lake levels did
not again fall below this elevation until after ~12.5 ka, so the
Lakeside Mountains remained in biotic isolation for approx-
imately 9000 years.

The continued rise of Lake Bonneville over the course
of the next 6000 years was probably interrupted by a number
of minor climatically induced oscillations, but these are
poorly represented in shoreline features (but see Oviatt,
1997).  These inferred stillstands may be associated with
threshold elevations between subbasins of the Bonneville

basin, and are the result of the lake being maintained at a rel-
atively stable elevation as these drier subbasins were filled
(Currey and Burr, 1988).  Two of the more prominent of
these stillstands may be represented by beaches carved as the
lake filled the Tule Valley subbasin about 19.5 ka and the
Cedar Valley subbasin shortly after about 18 ka (Currey and
Oviatt, 1985).  Sack (1999) suggests that a transgressive-phase
oscillation near the elevation of the regressive-phase Provo
shoreline may have occurred during this period.

About 15 ka, the lake reached the Zenda threshold in
southern Idaho and began to overflow into the Snake/
Columbia river drainage (Oviatt and others, 1992).  The for-
mation of Bonneville-level shoreline features at this thresh-
old elevation may have been interrupted by the climatically
controlled Keg Mountain oscillation (Currey and Oviatt,
1985; Oviatt and others, 1992), but overflow resumed until
catastrophic downcutting at Red Rock Pass about 14.5 ka
lowered the level of the lake 108 m in less than a year (Cur-
rey and Oviatt, 1985; Jarrett and Malde, 1987; Oviatt and
others, 1992), and possibly in less than two months at the
maximum estimated flow rate (O’Conner, 1993).  This
threshold-controlled Provo-level lake elevation was main-
tained until after about 14.0 ka when the lake began to enter
a regressive phase that continued, with some major interrup-
tions, for the next 7000 years (Currey, 1990; Oviatt and oth-
ers, 1992). 

In the northern Lakeside Mountains, the Bonneville and
Provo shorelines and related deposits are at elevations of
~1625 m and ~1501 m, respectively (Currey, 1982).  The top
of the single ridge connecting Homestead Knoll to the rest of
the Lakeside Mountains is ~20 m below the Provo shoreline.
Since the transgressive shoreline associated with the Tule
Valley threshold is only about 11 m below the Provo level
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Figure 8. Schematic diagram of probable lake levels in the Great Salt Lake basin during the last 200 ka.  Modified from Machette and others (1992,
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(Currey and Oviatt, 1985), it appears that Homestead Knoll
became separated from the rest of Lakeside Island sometime
shortly before 19.5 ka and remained separated for at least
4500 years.  At the highest levels of Lake Bonneville, Home-
stead Knoll was almost completely covered by lake waters
and Lakeside Island was reduced to a small 1 x 5 km outcrop
on what is now known as Salley Mountain.  This island prob-
ably was exposed bedrock with poorly developed soils and
limited vegetation.

The post-Provo chronology of the Lake Bonneville
regressive phase is poorly known, and the rapidity and extent
of lake-level decline is a matter of debate (Rhode and Mad-
sen, 1995; Light, 1996).  Regressive shorelines are poorly
marked, probably because they are more often erosional
rather than depositional features.  Numerous sequential post-
Provo shoreline features mark the northwest-facing slopes of
large interior island/mountain ranges, such as Stansbury and
Antelope Islands, where large fetch distances allowed wave
action to more effectively erode unconsolidated materials.
The northwest margin of the Lakeside Mountains is no
exception and is marked by an array of minor beaches.  Be-
cause these shorelines were occupied relatively briefly, they
are difficult to correlate across differentially rebounded areas
of the Great Salt Lake basin and remain unnamed and un-
mapped.

Sometime between 13 and 11 ka Lake Bonneville levels
fell to elevations approaching those of modern Great Salt
Lake (all ages discussed here are radiocarbon years unless
otherwise noted).  Data from adjacent lake basins (see Cur-
rey, Oviatt and Czarnomski, 1984) and from the Old River
Bed connecting the Sevier and Great Salt Lake basins (Ovi-
att, 1987, 1988b) suggest that this did not occur until some-
time after ~12 ka.  Because the floor of the basin was not

completely rebounded, however, it is likely that the surface
area was much greater and the lake probably extended well
out into what is now the Great Salt Lake Desert.  After 11 ka
the lake may have increased in size once again and between
10.9-10.3 ka formed the Gilbert shoreline complex (Currey,
1990; Oviatt and others, 1992; but see Zachary and Oviatt,
1999).  This transitional Pleistocene/Holocene lake cycle
may be related to the Younger Dryas climatic event evident
throughout the Northern Hemisphere (Benson and others,
1992).  In the northern Lakeside Mountains, the Gilbert
shoreline (Currey, 1982) occurs at an elevation of ~1311 m,
about 27 m above the modern playa floor of 1284 m.  Imme-
diately below Homestead Cave, the lake at this Holocene high
level formed a shallow embayment (figure 9).  During the
Gilbert cycle, a small, possibly ephemeral, stream draining
most of the western margin of the northern Lakeside Moun-
tains emptied into this bay.

The early Holocene history of Great Salt Lake is poorly
controlled by shoreline data.  These are poorly dated and pre-
cise elevations are unknown (Murchison, 1989a; Currey,
1990; Benson and others, 1992).  Core data from the lake
(Spencer and others, 1984; Thompson and others, 1990) are
also difficult to interpret for this period.  Sometime after ~10
ka, the lake apparently retreated to levels below 1287 m and
fluctuated within a 10 m range below this point throughout
the remainder of the Holocene.  Environmental data from
locations around the Bonneville basin indicating slightly
cooler than average early Holocene temperatures (see Mad-
sen and Currey, 1979; Madsen, 1985a; Thompson and others,
1990) suggest the lake may have fluctuated at the higher end
of this envelope until after about 8 ka.  During this period,
the lake may have stabilized at an elevation of 1289-1292 m
long enough to form a poorly recognized beach (Currey,
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Figure 9. View of Gilbert-level embayment below Homestead Cave.



Atwood, and Mabey 1984; Murchison, 1989a).  At this ele-
vation, the lake would have flooded much of the Great Salt
Lake Desert, but since the central part of the basin in the
vicinity of the Lakeside Mountains continued to rebound
well into the early Holocene and the Eardley threshold did
not exist (Currey, 1980), it is likely that lake waters extend-
ed around the Lakeside Mountains and inundated the playa
between Homestead Knoll and the Newfoundland Mountains
to the west even during lowstands.

Desiccation polygons below the current level of Great
Salt Lake suggest that the lake reached its late Quaternary
low sometime during the middle Holocene (Currey, 1980).
However, the creation of these polygons is not controlled
chronologically, and it has also been suggested that they
formed during the pre-Gilbert low phase (see Currey, 1990).
Current interpretations, outlined above, favor the mid-
Holocene scenario.  During the late Holocene, the lake trans-
gressed to a highstand of 1287 m and flooded the Great Salt
Lake Desert to the Utah/Nevada border (figure  10).  Core
data (see McKenzie and Eberlie, 1987; Mehringer, 1985)
suggest this occurred between about 2 to 3 ka and may be
related to the Neoglacial interval (Currey, 1990). Lake-level
fluctuations over the last 2000 years have been within the
1277-1284 m range of the historical record for the most part.
A single high-lake cycle overtopped the Eardley threshold by
less than a meter during the “Little Ice Age” ~250 years ago
(Currey, 1980).

NEOTECTONICS

The reconstruction of lake-level history and associated
paleoenvironmental changes is complicated by both crustal
deformation caused by the weight of lake waters and ongo-
ing extension related to the formation of the Great Basin.
Isostatic deformation of the basin floor was first identified by
G. K. Gilbert (1890), who recognized that differences in ele-

vations of the same shoreline were a product of the load
removed as the lake regressed.  Gilbert also recognized that
these differential elevations formed a dome and that with a
planar water surface the center of the basin must necessarily
have been depressed.  He determined that the area of highest
rebound (measured by him to be as great as 55 m) was locat-
ed just west of Great Salt Lake.  While this interpretation was
questioned by Eardley and others (1957) and Heylmun
(1960), subsequent work has confirmed it in all but the
details of elevational measurements.

Crittenden (1963) mapped the Bonneville shoreline and
estimated that a maximum of 64 m of deflection had
occurred.  While this work, in turn, has been revised, Crit-
tenden’s map of shoreline elevations remains one of the best
visual representations of the inverse basin shape of Bon-
neville shorelines.  Crittenden also produced mathematical
models of the rate of deflection and rebound, and while these
are in error due to the poor chronological controls available
at the time, they do suggest that isostatic adjustment contin-
ued to occur well into the early Holocene.  The definitive
work on Bonneville basin neotectonics has been done by
Currey (1982, 1988), and detailed shoreline elevation maps
for the Bonneville, Provo, Gilbert and late prehistoric levels
are now available.  These data have been incorporated into
more up-to-date models of isostatic warping (figure 11).
Shoreline data suggest that the greatest amount of deflection
was 74 m, 59 m and 18 m for the Bonneville, Provo and
Gilbert shorelines, respectively (figure 12).

The rate of both isostatic subsidence and rebound
appears to be essentially logarithmic but asymmetrical in
form (Bills and May, 1987; Bills and others, 1994).  Using
revised chronological estimates for these mapped shoreline
events, Currey and Burr (1988) estimated a maximum subsi-
dence rate of 7.3 cm/yr just prior to the possible Keg Moun-
tain oscillation and a maximum rebound rate of 5.2 cm/yr
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just after the Bonneville flood.  Not only is the rebound rate
slower than the subsidence rate initially, it also appears to be
more prolonged.  For example, the amount of deflection
across the basin floor of the regressive Gilbert shoreline is
more than twice that at the transgressive Stansbury shoreline
(Currey, 1990), despite being much less than half its volume
(they are equally removed in time from the ~15 ka highstand
of Lake Bonneville).  Assuming dates of 14 and 10.5 ka for
the Provo and Gilbert lake levels, the rate of isostatic
rebound slowed to ~1.2 cm/yr during the post-Provo regres-
sion.  The rebound rate during the early Holocene is un-
known, due to the lack of shoreline data, but it is probable
that much of the remaining 10 to 15 m of differential re-
bound was prolonged well into the early Holocene (Bills and
May, 1987).  At least some of this rebound may have oc-
curred after the formation of a mid-Holocene playa on the
floor of Great Salt Lake (Currey, 1980).

These “limnotectonic” changes can be distinguished
from “seismotectonic” events related to extension and basin
and range formation, which also affect basin morphology in
the Bonneville basin.  The Wasatch fault zone along the east-
ern margin of the basin is one of the most tectonically active
normal faults in North America, with major earthquake
events occurring every 125-300 (Hecker, 1993) to 400
(Machette and others, 1992) years throughout the Holocene.
Faults close to the Wasatch fault zone (that is, within the
basin itself) have been subjected to less frequent seismic
events of similar magnitude throughout the Pleistocene and
Holocene.  In the Bonneville basin, the frequency of these

events may be related to crustal loading associated with lake
cycles; the numbers and/or severity of seismotectonic events
during and immediately following deep-water periods are
significantly higher than those during low-water intervals
(Currey, 1988; Hecker, 1993).  Machette and others (1992)
suggest that these lake-related events are more often associ-
ated with the unloading of lake waters during regression
rather than with transgressive or deep-water situations.  Bills
and others (1994), in turn, suggested that lateral displacement
of up to 12 m across the Bonneville basin (E -W), caused by
isostatic deformation during high lake levels, would counter-
act extensional tectonics and limit faulting to periods after
lake loads were reduced. 

While the Wasatch fault is the longest and most tectoni-
cally active fault zone in the Bonneville basin, smaller faults
within the basin, in particular those associated with the Great
Salt Lake graben, may have had a greater impact on the
shape of the basin floor.  The long, narrow Great Salt Lake
half graben is located west of the Promontory/Antelope
Island mountains and forms the deepest part of the basin
floor.  The East Great Salt Lake and East Lakeside Moun-
tains fault zones form the eastern and western margins of this
half graben.  Movement along the East Great Salt Lake fault
zone has been estimated at an average slip rate of 0.4-0.7
mm/yr during the Quaternary (Hecker, 1993), suggesting that
the graben may have been downthrown as much as 7 meters
or more in the last 10 ka.  Recent seismic examination of
faults along the eastern margin of the half graben suggests
that Holocene movement may be as much as 12 m (Dinter
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Figure 12. Schematic diagram of isostatic deflection of major Lake Bonneville shorelines.  Modified from Currey (1990, p. 203, figure 13).



and Pechmann, 1999).
Regardless, Holocene movement of up to several meters

is evident along these fault zones, and, when combined with
changes in the basin-floor morphology caused by isostatic
rebound, suggests that the shape of the basin floor and the
lake surface configuration may have been significantly dif-
ferent than at present during much of the early to mid-
Holocene.  The difference in elevation between the Eardley
threshold (the slightly elevated area west of the Lakeside
Mountains separating Great Salt Lake and the Great Salt
Lake Desert) and deepest part of the Great Salt Lake basin
along the eastern margin of the half graben is only 11 to 13
m, much less than the 18 m of maximum post-Gilbert
rebound.  Even with no active faulting, 5 to 7 m of rebound
would have had to occur in the early Holocene before the
area along the northwest margin of the Lakeside Mountains
below Homestead Cave ceased to be the deepest area of the
lake.  If 5 m of downthrow and 4 to 5 m of rebound are prod-
ucts of the mid- to late Holocene, then it is probable that the
basin floor had a much flatter shape during the early
Holocene and that the Great Salt Lake “Playa” actually
extended well out into the Great Salt Lake Desert.  

In sum, the restriction of Great Salt Lake waters into a
narrow and relatively deep trough along the western margin
of the Promontory/Antelope Island mountains is a product of
Holocene limnotectonic and seismotectonic events.  Prior to
the creation of this trough, the lake may have been centered
much farther west, almost directly below Homestead Cave.
During the early to mid-Holocene a lake with a similar vol-
ume to that of the modern lake would have been shallower
with a significantly larger surface area.  As a result, climatic
interpretations for the late Pleistocene/early Holocene, based
on the modern configuration of Great Salt Lake, may have to
be reconsidered.

MODERN CLIMATIC CONDITIONS

Current weather systems in the northern Bonneville
basin are primarily a product of its interior continental loca-
tion, the generalized west-to-east flow of air related to the
position of the jet stream, and the orographic effects caused

by marked differences in altitude (Stevens and Brough,
1987).  Also important, but less critical, is the limited vege-
tative cover on most of the valley floors and western moun-
tains which contributes to a high albedo, and a large water
surface which contributes to “lake effect” storms that
enhance precipitation along the eastern rim of the basin.
Together these factors produce a relatively unique dichoto-
mous regional climatic regime with cool, dry valley bottoms
characterized by limited precipitation and cold, wet moun-
tains with very high precipitation patterns.  Currey (1991)
has termed this half arid, half humid climate a “hemiarid (as
opposed to “semiarid”) environment, and differences can be
quite marked.  For example, annual precipitation averages
~13 cm in the Great Salt Lake Desert and ~155 cm in the
Wasatch Range.

Most precipitation in the basin is a product of central-
northern Pacific storm systems, although minor amounts are
contributed by storms originating in the Gulf of California
and Gulf of Mexico.  These storms generally track the posi-
tion of the jet stream and changes in its average location
through time are a major characteristic of late Quaternary cli-
matic models (see Kutzbach and Guetter, 1986; COHMAP
members, 1988).  Such changes are also considered to be the
principal cause of lake-level fluctuations (see Benson and
Thompson, 1987).  The limited contribution of the southern
monsoons produces a relatively even year-round precipita-
tion regime, with slightly higher amounts in the spring
months of March-May and relatively smaller amounts in the
late summer months of July-September.  Monthly average
precipitation amounts at four weather stations on an approx-
imate west-to-east transect through the center of the Great
Salt Lake basin are shown in table II.  Average yearly pre-
cipitation in the vicinity of Homestead Cave is ~22.5 cm, and
is spread relatively evenly throughout the year.  The record is
short, however, and this figure may not be representative.
Snow cover during the winter months is limited, and snow-
fall averages only ~20 cm per year. 

This precipitation regime is complicated by a west-to-
east difference in rain and snowfall patterns caused by lake-
effect enhanced storms (Dunn, 1983; Carpenter, 1985).  As
storm fronts move across Great Salt Lake, differences in sur-
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Table II

Monthly average precipitation (cm) and temperatures (°C) at four stations
along a west-to-east transect through the Great Salt Lake basin 

Precipitation
Locality Jan         Feb    March     April       May       June       July        Aug        Sept        Oct         Nov        Dec
Wendover 0.61 0.33 0.48 1.42 2.48 1.80 0.79 2.11   2.00  2.06   1.73   1.47
Tooele 2.72 3.40 5.90 6.32 4.85 2.82 2.33 2.39    3.60  4.60   4.30  3.76
Salt Lake 2.82 3.12 4.85 5.38 4.57 2.36 2.06 2.18    3.25   3.66  3.28  3.57
Brighton 12.50 12.10  13.54    11.35 7.54 4.47 4.30 4.88    6.55   8.74 12.45 12.50

Temperature
Locality                     Jan         Feb       March    April       May       June       July        Aug        Sept         Oct         Nov        Dec
Wendover -2.9 0.9 5.6        10.3 16.0 21.6 26.5  24.8   18.6    11.1     3.6  -2.4
Tooele -1.8 1.0 4.8 9.3  14.5 19.8 24.4  23.1   17.6     11.0     4.1  -1.2
Salt Lake -2.3 1.2 5.4 9.8  14.8 20.6 25.5  24.2   18.4   11.7     4.8 -1.3
Brighton -7.2    -6.1     -4.1 -0.2   4.7 10.0 14.5   13.6    8.8     3.5   -2.8  -6.8



face and air temperatures, together with the addition of mois-
ture from evaporation, result in higher levels of precipitation
along the mountains east of the lake.  This lake-effect en-
hancement is particularly great during fall and spring months
and results in a much larger snow pack on the mountains of
the Wasatch Front.  As the lake increases in size, the contri-
bution of lake-effect storms is correspondingly greater (and
correspondingly more widespread) and, at the Bonneville
and Provo levels of the lake, lake-effect storms may have
contributed 30% or more of total precipitation in the hydro-
graphic basin, with most of that falling in drainages to the
east of the lake (Hostetler and others, 1994).

Seasonal temperature variation in the Great Salt Lake
basin is characteristic of middle latitudes, but is complicated
by its basin and range morphology.  The difference between
winter (January) and summer (August) average daily maxi-
mum temperatures is ~ 49.5°C on valley floors and ~37.1°C
in subalpine locations along the eastern rim.  Average month-
ly temperatures at stations along a west-to-east transect gen-
erally reflect elevational differences (table II), but this is
complicated by temperature inversions during winter months
when daily maximums are often higher in upland locations.
These inversions are more pronounced in the eastern portion
of the basin and this difference may be related to west-to-east
differences in plant communities.  In particular, the distribu-
tion of single-leaf pinyon may be limited by the presence of
long periods of cold stress associated with winter tempera-
ture inversions (Beeson, 1974; West and others, 1978).  Aver-
age monthly minimum and maximum temperatures in the
vicinity of Homestead Cave are shown in figure 13.  The dis-
tribution of many plant and animal species in the Homestead
Cave vicinity is controlled primarily by summer tempera-
tures; the modern average summer high temperature for the
month of August is 32.9°C, but, again, the record is relative-
ly short.

BIOTIC LANDSCAPE FEATURES

Particular local modern combinations of flora and fauna
are a product of unique and varied environmental histories,
and specific components have varied throughout the late
Pleistocene and Holocene (Tausch and others, 1993), often in
concert with changing lake levels.  These specific changes,
however, have occurred within a relatively stable framework,
and vegetation broadly similar to the present has existed in
the Great Salt Lake basin throughout the Pleistocene and late
Pliocene (Davis and Moutoux, 1998).  That is, the vegeta-
tional zonation characteristic of modern plant communities,
ranging from halophytic playa-margin plants on the valley
floors to the Arctic-like plants of the highest alpine zones,
has been present for at least the last four million years, but
specific components of these zones, such as pinyon in the
lower woodland plant community, have changed through
both time and space.

Modern plant communities in the Bonneville basin vary
significantly from west to east across the basin and represent
a transition from Great Basin to Rocky Mountain floristic
types.  This generic difference between Great Basin and Col-
orado Plateau plant communities is exacerbated in the Great
Salt Lake region by differences in scale and in precipitation
patterns.  In the Great Basin (and particularly in the Bon-
neville basin), upper slope plant communities are found on
small, relatively low-elevation mountain ranges that are sep-
arated from one another by large intervening valley floor
tracts in places consisting of barren playas.  This island-like
morphology has tended to limit species diversity, since indi-
vidual species on these small islands are more susceptible to
extirpation and the isolation of individual mountain ranges
inhibits recolonization.  This principle of island biogeogra-
phy has been applied primarily to animal species (see Brown,
1971; Grayson, 1993), but can be applied to plant commun-
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ities as well (although it is not as pronounced since seeds of
many plants are more easily dispersed).  The mountains
along the eastern margin of the Great Basin, however, are
much more massive, reach higher elevations, and are con-
nected to much of the Rocky Mountains to the north, south
and east at elevations well above valley floors.  As a result,
the diversity of species is greater and their distribution is
more even.  “Lake-effect” precipitation differences may also
be a locally important factor explaining vegetational differ-
ences between the western and eastern basin margins, partic-
ularly in the southern portion of the basin southeast of Great
Salt Lake and Utah Lake (Stevens and Brough, 1987).  As a
result of both factors, there is a west-to-east transition across
the Great Salt Lake basin from relatively xeric to more mesic
plant communities.

These west-to-east differences are more pronounced at
elevations above the valley floors and plant communities
below foothill locations are relatively similar.  Along playa
margins halophytic plant types such as pickleweed (Allen-
rolfea spp.), samphire (Salicornia spp.) and seepweed (Suae-
da spp.) predominate but give way to communities dominat-
ed by shadscale/greasewood (Sarcobatus spp.) and saltbush
in other valley floor areas.  In lower foothill localities, com-
munities of sagebrush, horsebrush (Tetradymia spp.) and rab-
bitbrush (Chrysothamnus spp.) are most common and in-
clude an array of grasses such as bluegrass (Poa spp.),
wheatgrass (Agropyron spp.) and wild rye (Elymus spp.)
whose distribution varies widely with exposure and soil
moisture.

Above these valley floor and lower foothill locations,
west-to-east vegetational differences become more pro-
nounced in the Great Salt Lake basin.  In the western moun-
tain ranges pinyon/juniper woodlands are dominant at eleva-
tions of ~1600 to 2300 m, but the distribution of the commu-
nity varies significantly with the size and substrate of indi-
vidual ranges and is often limited on smaller and more iso-
lated interior basin mountains.  Utah juniper dominates these
woodlands in the lower portion of this woodland zone, while
pinyon pine dominates in the upper portion and juniper is
replaced by mountain mahogany (Cercocarpus ledifolius).
Sagebrush/grass communities are found throughout this
woodland zone, where conditions of exposure, soil moisture
and soil type permit.  In the eastern mountains pinyon is
absent from this woodland zone; Utah juniper is present, but
scrub oak (Quercus gambelii) and maple (Acer grandidenta-
tum) are dominant.  

Subalpine forest communities above ~2300 m also differ
in a similar west-to-east pattern, although these differences
are more in proportion than kind.  On the interior western
ranges, more xeric conifers such as Douglas fir, white fir
(Abies concolor) and limber pine tend to dominate, with
more mesic species such as subalpine fir (Abies lasiocarpa)
and Engelmann spruce (Picea engelmannii) restricted to
north-facing slopes and stream drainages.  Quaking aspen
(Populus tremuloides) is also common, as is a variety of
brushy plants such as snowberry (Symphoricarpos spp.), cur-
rent (Ribes spp.), buffaloberry and prostrate juniper.  A simi-
lar array of conifers and brushy understory plants is found in
the mountains of the Wasatch Front, but spruce and subalpine
fir are more common, and Douglas fir and limber pine are
more reduced.  

These zonal patterns are complicated in both the interior

and eastern margin ranges by cold-air drainage along stream
courses, where many species nominally found only at higher
elevations reach well down into and often through lower
woodland communities.  In the Deep Creek Range, for exam-
ple, limber pine, subalpine fir and Rocky Mountain juniper
are found at elevations as low as 1800 m in Granite Creek
Canyon.  They co-occur with shadscale on well-drained
gravel terraces several meters above stream level.  In the
interior and western Great Salt Lake basin, alpine plant com-
munities are limited to small areas in the Pilot and the Deep
Creek Ranges, and the Stansbury Mountains.  The larger and
higher mountains to the east have correspondingly larger
alpine zones.  Moist meadows are dominated by avens
(Geum spp.) and a variety of small asters.

The diversity of plant species in the northern Lakeside
Mountains is quite limited, in keeping with other small iso-
lated interior basin ranges.  Biotic communities around
Homestead Cave are discussed in more detail in later chap-
ters, but briefly, only nine species of grass, six species of
forbs, nine species of desert shrubs, and a single tree species
were identified during line transect surveys of three study
plots in the Lakeside/Grassy Mountains (Workman and  oth-
ers, 1992). An additional 19 species were observed outside
the transects (table III).  This number is undoubtedly too low,
as a result of the limitations of the kind of study conducted,
but it also reflects the depauperate nature of local vegetation-
al communities.  Workman and others (1992, p. 79-80) pro-
vide this generalized description:

The plant communities...are similar to those
found in areas often categorized as the Northern
Desert Shrub Biome.  The large areas of mud
flats, devoid of vegetation, are usually found
with expansive adjacent areas where pickleweed
occurs in scattered hummocks.  Greasewood and
Nuttall’s saltbush occasionally grow on the
mounds of pickleweed.  The greasewood/shad-
scale community occurs at slightly higher eleva-
tions than pickleweed and in less saline soils.  In
some areas greasewood grows in almost pure
stands.  Usually it is interspersed with shadscale,
Nuttall’s saltbush and spiny horsebrush.  The
shadscale community is widespread and occurs
in conjunction with different species in different
areas.  There are large areas where it occurs with
gray molly as the only other species present.  In
areas of high elevation, it occurs with cheat
grass, an annual, invading disturbed areas.  At
the bases of the mountains and on dry hillsides,
shadscale occurs with mixed brush species,
including budsage, winterfat, sagebrush, horse-
brush and ephedra.  Perennial grasses including
bullgrass and Indian ricegrass are common
among the shrubs.  A juniper-mixed brush com-
munity occurs at higher elevations in the Lake-
side Mountains.  Various shrubs are present a-
long with juniper, big sagebrush, big rabbitbrush,
winterfat, and shadscale.  Perennial grasses
growing in these mountains include bluegrass,
wild rye, galleta, and Sandberg bluegrass.
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FAUNAL ACCUMULATIONS AND ANIMAL
FORAGING BEHAVIOR IN THE LAKESIDE

MOUNTAINS

(by Dave N. Schmitt)

Great Basin caves and rockshelters offer havens for a
variety of bone collectors, carnivores and raptors.  Modern
observations and excavated materials in the Homestead
Knoll caves and vicinity identified the presence of numerous
collectors and predators, including woodrats (Neotoma sp.),
coyotes (Canis latrans), golden eagles (Aquila chrysaetos)
and owls (see Tyto alba).  Woodrats habitually collect sticks,
feces and bones from areas adjacent to their residences for
use in house construction (see Stones and Hayward, 1968;
Wells, 1976).  Because woodrat nests are often located in
wall crevices or on interior ledges, they are capable of intro-
ducing bones to sheltered contexts.  A large woodrat house
currently is situated near the entrance of Cathedral Cave, and
an active, bone-rich house occupies a crevice in the rear wall
of Homestead Cave.  While the excavated fauna offer no
direct evidence of Neotoma bone accumulations, it is prob-
able that some of the bones were introduced by woodrats.
Neotoma bones occur throughout the Homestead Cave
deposits (see Grayson, chapter seven), suggesting that
woodrats often were locally abundant and occupied the cave
throughout most of the Holocene.

Terrestrial and avian predators customarily pursue small
animals (especially rodents and leporids) and deposit prey
remains in feces or pellets, or as transported carcasses or
body segments (see Andrews and Evans, 1983; Andrews,
1990;  Hockett, 1991, 1995; Schmitt and Juell, 1994).  Coy-
ote prey accumulations largely consist of materials deposited
in scatological droppings.  Undigested tissue and other frail
organics will slowly disaggregate and decay, resulting in
concentrations of partially digested bone and bone frag-

ments.  Excavated deposits from Homestead Cave contained
a few carnivore (probably coyote) scat fragments.  Scats
were observed in the woodrat house at the rear of the cave,
and a number of the recovered leporid bones exhibit polish,
pitting and/or rounding of fracture surfaces characteristic of
bones deposited in coyote scats (Schmitt and Juell, 1994).
Cathedral Cave also contains small mammal remains that
appear to have been partially digested by coyotes, and scats
were observed scattered about the cave’s entrance during
1994 and 1995 field investigations.  Evidence for golden
eagles is also present on Homestead Knoll, including a paired
nest site located immediately northeast of Cathedral Cave
(“Cathedral Roost;” see Schmitt, 1995).  As at Cathedral
Roost, golden eagles characteristically nest outside caves on
craggy outcrops or cliff ledges (see Smith and Murphy,
1982), but their presence may result in the accumulation of
prey remains in sheltered contexts (see Elston and Budy,
1990).  Although eagle prey remains are usually dominated
by complete jackrabbit (Lepus sp.) hind limbs (Hockett,
1995; Schmitt, 1995), eagles also may cast pellets containing
partially digested bone (Hockett, 1996).  

Modern observations, in concert with the wealth of re-
covered small animal remains, suggest that most of the
Homestead and Cathedral cave faunas were deposited by
owls.  On numerous occasions we encountered screech owls
(Otus asio) roosting in Homestead Cave, and we flushed a
barn owl (Tyto alba) from Cathedral Cave during the summer
of 1994.  Owls typically roost on interior ledges where they
regurgitate pellets consisting of indigestible fur, feather and
bone (Dodson and Wexlar, 1979; Andrews, 1990; Kusmer,
1990; Mayhew, 1977).  Large flows or cones of pellets can
form under roosts that are subject to long-term habitation,
ultimately resulting in pellet concentrations comprised of
tens-of-thousands of small animal bones.  Consolidated
cones of droppings, pellet matter and bone are situated below
perches in both of the Homestead Knoll caves (figure 14),
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Table III

Plant species in three line transect surveys of
the Lakeside/Grassy Mountains area

(from Workman and others, 1992)

Grasses Forbs Shrubs
Bromus tectorum Cirsium sp. Artemisia tridentata
Elymus salinus Halogeton glomeratus Atriplex confertifolia
E. ambiguus Haplopappus sp. Ceratoides lanata
Hilaria jamesii Lactuca seriola Chrysothamnus viscidiflorus
Hordeum jubatum Phlox hoodii Ephedra nevadensis
Oryzopsis hymenoides Salsola kali Gutierrezia sarothrae
Poa sandbergii Sarcobatus vermiculatus
Stipa comata Trees Tetradymia canescens
Sporobolus cryptandrus Juniperus osteosperma T. spinosa

Other species observed but not recorded within transect areas:
Agropyron cristatum, A. elongatum, A. smithii, Astragalus mollissimus, Bassia hyssopifolia, Chrysothamnus
nauseosus, Cleome serrulata, Elymus cinereus, Eriogonum sp., Grindelia squarrosa, Helianthus annuus, Kochia
americana, Lepidium perfoliatum, Mentzelia laevicaulis, Tragopogon dubius, Rhus trilobata, Sitanion hystrix,
Sphaeralcea sp., Suaeda torreyana.



clearly indicating that the caves have had extensive use as
roosting sites.  Both loci currently remain active; we collect-
ed fresh pellets from the surface of the cones during 1994
and 1995 field investigations.  Blocks of what could be
termed organic breccia containing abundant microvertebrate
remains also occur in both of the caves (see also Brain,
1981), representing disaggregated portions of similar,
ancient cones.

Humans are additional and often significant bone accu-
mulators.  The butchered remains of large and small mam-
mals have been recovered from numerous Great Basin caves
and rock shelters (Thomas and Mayer, 1983; Grayson, 1988;
Hockett, 1994; Schmitt and Lupo, 1995), usually in associa-
tion with large and diverse artifact assemblages, hearths and
other cultural features.  The recovery of artifacts from Home-
stead Cave indicates that prehistoric peoples visited the site,
but the scarcity of material culture and cultural features
(Shaver, chapter six) and lack of burned or butchered bone
suggest that human occupation was infrequent, brief, and
occurred only during the later part of the record.  As a result,
it appears that few (if any) bones were accumulated by
human activities.

Although we are confident that the majority of the bones
at Homestead and Cathedral Caves were accumulated by
non-human agents, especially nocturnal raptors, it is neces-
sary to investigate animal foraging behavior before inferring
Holocene zoogeography and environmental change based on
the recovered faunas.  Specifically, we are concerned with
the home (that is, foraging) range of local avian predators.
For example, if the foraging range of a raptor nesting in a
valley foothill encompasses distant, high-elevation contexts,
boreal taxa may be dispatched and subsequently deposited in
a low-elevation setting.  Table IV presents the maximum
home range for a variety of mammalian and avian taxa.

Included are raptors that presently occur or are likely to
occur in the Lakeside Mountains, and taxa whose skeletal
remains were identified in the Homestead Cave faunas.
These data indicate that golden eagles maintain the most
extensive foraging range, but note that this maximum range
is relatively restricted (figure 15) and only encompasses
neighboring valleys and low ridges in elevations ranging
from 1285-1660 m.  It is possible, however, that some of the
Homestead Knoll faunas were procured from extraneous
contexts.  Golden eagles commonly have different nesting
sites and may alternate residences (Ryser, 1985, p. 240), and
transient coyotes have annual home ranges commonly
exceeding 100 km2 (Gese and others, 1988) and are capable
of traveling over 6 km in a 24-hour period (Litvaitis and
Shaw, 1980).  As a result of such movements, the remains of
prey consumed elsewhere could have been deposited in the
Homestead Knoll Caves.  Additionally, both a predator and
its prey may converge on the outer extent of their foraging
radii, thereby extending the confines of our proposed maxi-
mum foraging range.  We acknowledge these potential
processes, but they do not affect our interpretations of
regional biogeography and environmental change.  The
Lakeside Mountains represent an isolated feature and local
elevational gradients are minimal.  Even if we extend our
maximum predator foraging radius to 15 km, all captured
prey would represent species available in the immediate
vicinity of Homestead Knoll.  Consequently, the recovered
faunal remains, especially the large and diverse assemblage
from Homestead Cave, offer an unprecedented data set for
inferring regional change in late Quaternary paleoecology.
Predators and collectors extracted an extensive sample of
fish and waterfowl from Great Salt Lake and mammalian
fauna from local valleys, drainages, low ridges and mountain
foothills characteristic of most Bonneville basin habitats.
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Figure 14. View of raptor pellet and debris cones on the floor of Homestead Cave.
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Table IV

Maximum home range of selected mammals, birds, and birds of prey from Homestead Cave and vicinity

Common Name Max. Home  Reference
(Species) Range (radius)

Black-tailed jackrabbit (Lepus californicus) 2.39 km* Smith (1990)
Badger (Taxidea taxus) 2.10 km Lindzey (1978)
Desert woodrat (Neotoma lepida) 126 m Stones and Hayward (1968)
Common flicker (Colaptes auratus) 400 m Lawrence (1967)
Sharp-tailed grouse (Tympanuchus phasianellus) 2.02 km* Saab and Marks (1992)
Sage Grouse (Centrocercus urophasianus) 2.10 km Ellis and others (1989)
Golden eagle (Aguila chrysaetos) 5.32 km Smith (1971)
Ferruginous hawk (Buteo regalis) 4.02 km Smith (1971)
Red-tailed hawk (Buteo jamaicensis) 5.15 km Anderson and Rongstad (1989)
Marsh hawk (Circus cyaneus) 3.22 km Smith (1971)
Great horned owl (Bubo virginianus) 4.35 km Smith (1971)
Long-eared owl (Asio otus) 1.08 km Craighead and Craighead (1969)
Short-eared owl (Asio flammeus) 2.34 km Smith (1971)

*Interpolated from maximum home range reported as km2.
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STRONTIUM RATIOS AND LAKE
BONNEVILLE CHRONOSTRATIGRAPHY

(by Jay Quade)

The waters of Lake Bonneville precipitated abundant
calcium carbonate (CaCO3) in the form of shoreline tufas,
deep lake marls, and associated shells of mollusks and ostra-
codes.  These carbonates contain trace amounts (100-1000
ppm) of strontium (Sr) which freely substitutes for calcium
(Ca) (both are Group II elements) in the structure of CaCO3,
forming both the minerals aragonite and calcite, and in
Ca10(PO4)6(OH)2, forming biogenic phosphates.  Thus there
is abundant Sr available in a variety of mineral phases asso-
ciated with the lake, and now preserved within Homestead
Cave. 

Strontium has four stable isotopes, the two forms of
which, 87Sr and 86Sr, have been used as tracers in many geo-
logical studies.  These isotopes are ideal tracers because they
are stable and conservative in the sense that the 87Sr/86Sr
ratio does not change during phase transformations.  For
example, the 87Sr/86Sr ratio of lake Sr will be identical to the
ratio of tufas or mollusks, or fish skeletons formed in the
presence of that lake water.  The change from one physical
state to the next does not discriminate for or against 87Sr or
86Sr.  Thus, changes through time in the 87Sr/86Sr ratio of
lake waters will be recorded in any carbonate or phosphate
phase in the lake, assuming, of course, that they have not
been altered since burial.

The Sr-isotope system will only be of use if the 87Sr/86Sr
ratio of the lake varied in the past, preferably in step with dat-
able lake-history events.  This study will be able to show that
there have been such variations, but to understand these
changes, the controls on Sr chemistry in Lake Bonneville
must be reviewed.  At high lake stages during the last glacial
maximum, the 87Sr/86Sr ratio of Lake Bonneville would have
been determined by the 87Sr/86Sr ratio of rivers flowing into
the basin, weighted by their Sr concentration and relative
discharge.  The Bear River carries the largest discharge of
any river flowing into the basin today, and it was probably
the largest in the past.  Other important rivers are the Weber,
Jordan, Ogden, Sevier and Beaver.  The formula describing
these relationships would be:

87Sr/86Sr (full lake) = 87Sr/86SrBear River FBear River

and so forth, for all rivers, where: F = fraction of total Sr

As long as all the same rivers flowed into the basin, the
87Sr/86Sr should not have changed.  The solution to this
equation requires a knowledge of Sr concentrations in rivers,
which I obtained with the help of D. Bouchard (a former stu-
dent at Utah State University) for all the major modern
rivers.  A preliminary model of these values appears in
Bouchard (1997).

Changes in the 87Sr/86Sr ratio of the lake would come as
the lake dropped in the late stages of the last glacial period.
These changes could come about in at least two ways.  As
collapse of the lake below basin thresholds isolated local
bodies of water, the  87Sr/86Sr ratio of the now isolated lakes
shifted in the direction of the 87Sr/86Sr ratio of the local con-
stituent rivers (figure 16).  Alternatively, changes in river
composition, as new reaches of river were exposed by the

dropping lake, could have changed their input 87Sr/86Sr
ratios.  These compositional changes should be reflected in
any Sr-bearing phase of the lake.  The 87Sr/86Sr ratio of lake
minerals then becomes an indicator of the lake level at the
time of mineral formation. 

Several conditions must be met for the Sr system to be
useful in deducing lake level.  If basin segmentation alone
(explanation [1] above) is the cause of changes in 87Sr/86Sr
ratios with lake elevation, then the 87Sr/86Sr ratio of inflow-
ing rivers must be sufficiently distinct in the separate basins
that, when basin isolation occurs, it leads to changes in the
87Sr/86Sr ratio of the involved lakes.  Fortunately, the main
rivers feeding the Bonneville system are quite distinct iso-
topically, fulfilling this condition (table V; Jones and Faure,
1972).  The Bear River displays one of the highest 87Sr/86Sr
ratios (0.7140-0.7219) in the system, and it supplies most of
the discharge to the northern, now Great Salt Lake basin.
Other important rivers in the north include the Weber
(0.71002-0.71290), the Ogden (0.741529) and the Jordan
(0.72060).  The Sevier and Beaver Rivers (0.7070-0.7078)
have much lower 87Sr/86Sr ratios than the northern rivers,
and they supply virtually all the moisture to the southern,
Sevier Lake basin (table V). The lake water should display
some 87Sr/86Sr ratio intermediate between the Bear and the
Sevier/Beaver Rivers when all the major basins are connect-
ed at high-lake stage.  With lake segmentation, the southern
lake (Gunnison) should have 87Sr/86Sr ratios like that of the
Sevier/Beaver Rivers, and Great Salt Lake should be close to
that of the Bear.
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A second condition is that the lake be well mixed with
respect to Sr.  Many factors can effect mixing, but the key
consideration is the residence of time of Sr compared to the
mixing time within the lake.  I took an empirical approach to
this issue by sampling tufas from a single former lake eleva-
tion, the Provo shoreline at 1444 m, from all over the basin.
Results for Provo tufas fall within a relatively narrow range
of 0.7113-0.7119 (table V), demonstrating substantial but not
complete mixing of the lake waters prior to tufa formation.
The pattern of 87Sr/86Sr ratios is systematic and predictable.
The highest values come from the north, where Bear River
water dominated, and the lowest values come from the south,
nearest the outlet to the Sevier River.  As we will show later,
the degree of mixing was sufficient to distinguish very low
from intermediate and high lake levels.

I have analyzed tufas and lacustrine gastropods of many
ages and elevations in order to construct a 87Sr/86Sr versus
elevation curve for Lake Bonneville near its highstand, and

for Lake Gilbert and Lake Gunnison when the lake level
dropped and the lake segmented after 12.5 ka (figure 16). This
curve will undergo some refinement as more samples from
different elevations are analyzed, but the main elements of
the curve are clear, and they make good sense in light of what
is known about modern river composition. 

The lake waters should have stayed within a narrow
range of composition of 87Sr/86Sr as long as lake levels
stayed above the Old River Bed threshold, which Oviatt
(1988b) estimates to have been 1390 m.  Support so far for
this prediction comes from the narrow range of 87Sr/86Sr val-
ues defined by Provo-level tufas and from white marl con-
sidered to be equivalent in age to the high Bonneville shore-
line.  The lake level is thought to have begun to drop rapidly
shortly after 14.0 ka.  The lake must have remained hydro-
logically well integrated until at least 12.5 ka because fish
vertebrae from two dated Great Salt Lake basin packrat mid-
dens (Rhode and Madsen, 1995) yielded 87Sr/86Sr ratios of
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Table V

Summary of Sr isotopic analyses

sample # shoreline location material 87Sr/86Sr

Bonneville basin
Old River Bed Bonneville Old River Bed white marl 0.711814
High Bonneville High Crossing (Sevier R.) white marl 0.711306
DK93-06 Bonneville Cutler Dam shell 0.711835
DK93-28B Provo/Bonn. Cache Valley shell 0.711750
Stansbury A Provo Stansbury Mountains tufa 0.711770
Stansbury B Provo Stansbury Mountains tufa 0.711711
Stansbury C Provo Stansbury Mountains tufa 0.711795
Th-5B Provo Tabernacle Hill tufa 0.711587
Homestead (A) Provo Homestead Cave tufa 0.711737
Table Provo Provo Table Mountain tufa 0.711526
Promontory Provo Promontory Mountains tufa 0.711864
Smelter Provo Smelter Butte tufa 0.711831
Pot Provo Pot Mountain tufa 0.711490
Tule Provo Tule Valley tufa 0.711584
Newfoundland Provo Newfoundland Mtns. tufa 0.711945
Jukebox 1 post-Provo Jukebox Cave tufa 0.711594
BVSR-3 Gilbert Promontory Mountains tufa 0.712034
BVSR-3D Gilbert Promontory Mountains tufa 0.712015
BVSR-3E Gilbert Promontory Mountains tufa 0.711936
BLM-1 Gunnison Sevier Lake basin Anodonta 0.710486
Raven Cave 1a 12,550±50 midden fish vertebrae 0.711415
Triple Barrel 1 13,470±100 midden fish vertebrae 0.711482

River/lake waters
Bear Bear River * water 0.72190
Bear Bear River water 0.713976
Jordan Jordan River water 0.72060
Weber Weber River * water 0.71290
Weber Weber River water 0.710017
Ogden Ogden River water 0.741529
Sevier Sevier River water 0.707026
Beaver Beaver River water 0.707845
GSL Great Salt Lake* water 0.7174
West Western desert* water 0.7135

* from Jones and Faure (1972)



0.71141 (table V: Raven Cave 1a, 12,550 ± 50 yr B.P.) and
0.71148 (Triple Barrel 1, 13,470 ± 100 yr B.P.).  The lake
segmented below 1390 m at the Old River Bed, but the
87Sr/86Sr values of the new, smaller lakes would depend on
whether the lakes were totally isolated from each other or if
one lake flowed into the other.  Oviatt (1988b) has presented
evidence that the late-glacial lake in the Sevier Lake basin
(Gunnison) was the one that overflowed into the northern
basin across the Old River Bed, and this proposition is
testable using Sr isotopes.  Overflow northwards would have
continued to produce 87Sr/86Sr ratios in the northern basin
representing a mixture of Bear River and Sevier River
sources.  However, it is plausible that the 87Sr/86Sr value of
the northern lake might begin to evolve in the direction of the
Bear River, particularly where mixing across the lake
became less complete as the lake grew shallower.  In con-
trast, the 87Sr/86Sr ratio of the southern basin should show a
much sharper shift toward the composition of the Sev-
ier/Beaver Rivers, if Sr acquired while the lakes were still
integrated was rapidly cycled out and replaced by lower
ratios from the Sevier/Beaver Rivers.  This process would
have been all the more rapid because the Sr concentration in
the Sevier and Beaver Rivers is higher than other rivers in
the system.

The few samples I have from lower elevations would
seem to confirm this scenario (figure 16).  Tufa from the
Gilbert shoreline (1311 m) on the tip of the Promontory
Mountains shows slightly, but consistently, higher 87Sr/86Sr
ratios (table V: 0.71194-0.71203) than local higher elevation
tufas (0.71171-0.71186).  This is the expected direction of
the isotopic shift toward Bear River composition if the south-
ern rivers were contributing less or if circulation and mixing
was less complete at low lake levels.  Anodonta shell from
the high shoreline of Lake Gunnison returned values of
0.710486 (table V).  These low values are consistent with the
low 87Sr/86Sr ratios of the Sevier/Beaver River, but they still
appear to show the influence of the northern rivers.  This
would only be consistent with northward overflow of Lake
Gunnison if the shells formed very shortly after lake seg-
mentation.

The preliminary modeling by Bouchard (1997) offers a
another explanation for the fall in 87Sr/86Sr ratios as the lake
dropped.  The key assumption in their model is that the Sr
concentrations in rivers have not changed through time, de-
spite major changes in discharge.  The model suggests that
the fluxes of Sr from the southern rivers (Beaver and Sevier)
are so small that subtraction of their inflow to the northern
Bonneville system would have little impact on lake 87Sr/86Sr

ratios.  In effect, the flux of Sr from the modern Bear and
Ogden are so large that they dominate the 87Sr/86Sr ratio of
the lake.  But Bouchard (1997) suggests that the 87Sr/86Sr ra-
tio of  the Bear River itself may have increased as lake level
dropped, thus producing the observed increase in 87Sr/86Sr
ratios in the lake.  Apparently, the addition of spring water
with very high 87Sr/86Sr ratios to the lower reaches of the
Bear River dramatically raises the ratio of the river just
before it enters the present lake.  The proportion of the spring
inflow (with high 87Sr/86Sr ratios) to runoff (with low
87Sr/86Sr ratios) from the rest of the Bear River watershed
may have been changed dramatically in the last glacial peri-
od.  If correct, this could have produced the increase in
87Sr/86Sr ratios as the lake dropped, and not lake segmenta-
tion.  The correct explanation awaits a far more detailed doc-
umentation of the system.

Whatever the details of the mass-balance calculations,
an elevation versus 87Sr/86Sr curve (figure 17) can be gener-
ated on the present results that shows sufficient differences in
87Sr/86Sr values to distinguish high and intermediate lake
levels from low lake levels in both the southern and northern
basins.  I will use these relationships in the section dealing
with strontium ratios in Homestead Cave to reconstruct the
probable elevations of the lake from which Homestead tufas,
shells and fish bone were formed (see Quade, chapter four).
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SITE SELECTION AND GOALS

One of two primary project goals in the study of paleo-
environmental change in the Bonneville basin was the iden-
tification and excavation of a cave site where faunal remains
accumulated by raptors and other predators could be found in
stratified deposits spanning the Holocene and at least the
very latest Pleistocene.  To this end, we conducted a thorough
examination of extant archaeological and geological data on
file at a variety of federal and state land-management agen-
cies.  Based on the results of these file searches, we selected
three areas for field examination and possible testing: (1) the
western margin of the basin in the vicinity of Wendover,
Utah where a number of deeply stratified cave sites have
been identified and reported (see Jennings,1957; Madsen and
Rhode, 1990), (2) the southern margin of the basin in the
vicinity of the Old River Bed where both Pleistocene mega-
fauna and early peoples would likely have exploited riverine
resources, and (3) the northern end of the Lakeside Moun-
tains where Great Salt Lake occasionally overflows and
spills into the Great Salt Lake Desert.  Potential sampling lo-
calities were identified at caves in each of these areas. 

Caves in the Wendover area were ultimately rejected for
paleoecological purposes because of intense prehistoric hu-
man occupation and very complex depositional sequences. In
the Old River Bed area, a cave at the south end of a small
fault-block mountain known as Camels Back Ridge was test-
ed for its paleoecological potential in 1993.  Although the site
proved to have a number of very interesting archaeological
features, the depositional se-
quence spanned only the last
8000 years and, thus, did not
meet project goals.  Results of
these test excavations at
Camels Back Cave are report-
ed elsewhere (Schmitt and
others,1994; Schmitt and oth-
ers, 1998).  A series of known
cave sites was examined in the
northern Lakeside Mountains,
but all proved to be unsuitable
for our purposes. In the pro-
cess of examining these sites,
however, we encountered a
previously unreported cave
site on Homestead Knoll with
surface indications of extend-
ed use by raptors (figure 18)
and limited evidence of dis-
ruption by intense human oc-
cupation.  Test excavations at
the Homestead Knoll cave
revealed well-stratified de-
posits extending back to the
era of Lake Bonneville.  As a
result, the site was selected as

the focus of project faunal studies since it appeared to satis-
fy all primary project goals.  Based on these initial results,
full-scale sampling was conducted during a number of study
episodes spanning 1993-1995.

The general goal of excavations at Homestead Cave was
to isolate, identify and remove a stratified column of deposits
containing a sample of small faunal elements sufficiently
large enough to be representative of local biotic communities
through time.  To meet this general goal, more specific goals
were developed to minimize interpretive problems with the
recovered faunal sequence.  First, past experience with the
excavation and interpretation of numerous Great Basin caves
suggests that a principal cause of out-of-order radiocarbon
age estimates and inverted archaeological sequences at many
sites (for example, Hogup Cave [Aikens,1970]) is the
attempt to remove materials in the maximum possible strati-
graphic detail.  While it seems counter-intuitive that coarser
rather than finer stratigraphic excavations may produce more
accurate and consistent results, the use of this seemingly
upside-down approach is sometimes warranted because of
the diverse morphology of many Great Basin cave deposits.
Commonly, coarse-grained layers of roof spall and loosely
aggregated vegetation are overlain by fine-grained deposits
of eolian materials and plant chaff, and materials in these
upper layers sift down into and often completely through
lower layers.  When an attempt is made to excavate such
depositional units separately, spurious results are often ob-
tained.  At Homestead Cave we hoped to circumvent this
problem by imposing an “excavatable” stratigraphy on the

CHAPTER THREE

Excavation and Laboratory Procedures

Figure 18. Aerial view of Homestead Cave looking southwest.



natural depositional sequence and remove many strata in sets
with readily separable upper and lower surfaces.

Second, these numerous coarse and fine-grained layers
are often morphologically indistinguishable from one anoth-
er, and their horizontal distribution is undulating, sporadic,
and disturbed by both human and animal intervention.  With-
out extensive vertical exposures for control, it is extremely
easy to inadvertently shift from one stratigraphic layer to a
similar higher or lower one in the process of excavation.  We
hoped to limit problems of this kind by isolating our sample
column on at least two and possibly three sides so as to trace
each excavation unit completely through the sample block.
As a related measure, our intent was to ignore all materials
encountered in the process of isolating the column to pre-
clude any possible cross-strata mixing.  That is, material
recovered from outside the column would not be included in
our analyses and interpretation to insure that only material
with maximum controls was considered. 

Third, detailed chronological control is critical to the
adequate interpretation of floral and faunal data from cave
sites as representative of changing local biotic communities.
In combination with the excavation problems just noted,
however, the use of only limited numbers of radiometric
dates applied to a very complex and detailed depositional
sequence, as is commonly the case in Great Basin cave sites,
makes the assessment of the age of undated intervening stra-
ta tentative at best.  Even when individual strata are directly
dated, problems of bioturbation can cause individual dates to
be out of place and in error in relation to other materials from
that depositional unit.  At Homestead Cave, we hoped to cir-
cumvent these common problems of chronology by obtain-
ing multiple radiocarbon samples directly from every strati-
graphic unit identified in the sample column.

In sum, our excavation goals were relatively simple:  (1)
to isolate a representative column spanning the entire depo-
sitional sequence, (2) to insure that it was large enough in
terms of volume to contain a representative sample of local
biota -- to this end we ultimately selected a 1 x 1 m column,
(3) to insure that excavated depositional units were cleanly
and clearly separated by isolating and mapping the column in
detail, and (4) to insure that the chronological placement of
each identified stratum was made as correctly as possible.

SITE DESCRIPTION AND ORIENTATION

Homestead Cave lies on the western margin of the north-
ern Lakeside Mountains in a northwest-trending ridge/spur
known as Homestead Knoll.  The Lakeside Mountains con-
sist of a long (~50 km), narrow (4-6 km) fault-block range of
primarily limestone bedrock material with central peaks
reaching to ~2000 m above sea level (asl) on the southern
end and ~1750 m on the northern end.  The Homestead Knoll
spur itself is ~4 km north-south by ~2 km east-west and is
separated from the main body of the Lakeside Mountains by
a low pass reaching 1450 m  asl.  The knoll is 1625 m asl at
its crest.  The surface of the limestone bedrock and the asso-
ciated unconsolidated colluvial sediments has been heavily
modified by the wave action of Lake Bonneville.  Homestead
Knoll is essentially a flat-topped seamount or guyot formed
during the highest stand of the lake (figure 19, A).  At the
Provo level, ~1500 m, the knoll was deeply incised by wave

action, forming a ~30 m wide shelf that extends completely
around the knoll and grades into a tombolo on both the
northwestern and southeastern margins (figure 19, B).  Bed-
rock features at this elevation are heavily draped by a thick
tufa coat, with the tufa extending 5 to 20 m downslope from
the wave-cut shelf.

Below the Provo level, between rocky cliff-forming out-
crops, Homestead Knoll is veneered with coarse beach grav-
els deposited during both the transgressive and regressive
phases of the last lake cycle.  These are deepest in shallow
bays, where they have been incised and exposed by histori-
cal erosion channels (figure 19, C).  Homestead Cave (figure
19, D) is in a rocky ridge ~30 m below the elevation of the
most prominent of these beaches (~1435 m asl).  Below this
elevation the eastern margin of Homestead Knoll is connect-
ed to the rest of the northern Lakeside Mountains.  Slopes
become much more gentle, forming a shallow alluvium-
filled valley between Homestead Knoll and Death Ridge, the
main crest of the Lakeside Mountains.  A short (3-4 km long)
system of stream channels drains the east slope of Home-
stead Knoll and the west slope of the central Lakeside Moun-
tains.  These channels currently contain running water only
during major rainstorms.  During the later regressive phases
of the Lake Bonneville cycle, waters in this valley formed a
series of shallow embayments.  The most recent of these
embayments is at the Gilbert level (figure 19, F).  The high-
est Holocene beach was formed across this embayment, cre-
ating a lagoonal marsh.  Midway between Homestead Cave
and the Gilbert beach is a broad shelf formed by a series of
transgressive Stansbury beaches (figure 19, E). 

This landscape is characterized by a limited number of
vegetational communities.  The saline playa of the Great Salt
Lake Desert forms a broad arc around the western margin of
Homestead Knoll and is ringed with a narrow band of halo-
phytic plants such as pickleweed and samphire.  These give
way rapidly to a saltbush/greasewood community covering
the Holocene beaches and interior embayments below the
Gilbert level.  Sagebrush, horsebrush and rabbitbrush pro-
vide a sparse cover on the rockier slopes.  The gentler collu-
vial slopes and valley bottoms are dominated by annual
grasses, most of which are introduced species.  Trees and
shrubs are virtually nonexistent, with only a few small, iso-
lated Utah junipers found along stream drainages on the val-
ley floor.  A few currants (Ribes cereum) and other more
mesic brush species occur at the base of rocky ridges and
cliffs where precipitation runoff is frequent and where shade
reduces evaporation.  One of these moister localities is found
at the mouth of Homestead Cave, where wax currant and a
small stand of wild rye (Elymus sp.) are found below the
dripline.

Homestead Cave faces north-northeast and overlooks the
playa of the Eardley threshold.  The orientation of the long
axis of the cave is 31° east of true north.  The waters of Great
Salt Lake are readily visible and the lake margin varies from
to 2 to 6 km away as the lake surface rises and falls episodi-
cally (figure 20).  The floor of the cave at the center of the
cave mouth (marked by a permanent metal datum stake) is at
an elevation of 1406.3 m asl.  This elevation was measured
with a laser theodolite from a section corner marked by the
United States Geological Survey, and the elevation is thus
within the margin of error of the original survey.  The cave is
contained within a small limestone ridge that extends north
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~300 m from the main body of Homestead Knoll.  The ridge
top, some 20 to 30 m above the cave floor, is relatively flat
and has been modified by wave action.  The bedding planes
of the basal limestone are almost vertical along this ridge.
Construction of the cave must have occurred during the
transgressive phase of the Bonneville lake cycle or even ear-
lier, since the cave is coated by a layer of tufa deposited
under water as the lake regressed.  Spalling during the Holo-
cene has expanded the size of the cave marginally.  The ver-
tical limestone bedrock extends north of the cave to the west,
shading the area immediately in front of the cave and form-
ing a relatively more mesic microhabitat (figure 21).

The cave itself is 17 m deep from the center of the
dripline to the rear wall and tapers from 4.5 m wide along the
floor at the mouth to 1 m wide at the rear (figure 22).  The
height of the cave from floor to ceiling along the center axis
varies from 5 to 6 m.  The floor of the cave slopes gently
from the back to the front, dropping 0.5 m across a 20 m dis-
tance, but dips sharply from the east to west cave wall (fig-
ure 23).  The limestone bedrock around the mouth of the cave
is almost completely coated with a layer of tufa 20 cm  thick.
However, most of this tufa coating has spalled off bedrock
surfaces within the cave.  The cave floor is covered primari-
ly by small- to medium-sized rock spall less than 2 cm in
diameter.  Larger pieces up to 0.5 m in diameter occur along
the western cave wall at the base of the interior east-west
slope.  A small relic-hunter’s pit was dug into the west-cen-
tral part of the cave, but the deposits were otherwise undis-
turbed when initially recorded.  A surface scatter of human
bone at the cave mouth probably originated in this hole.  The
surface rock spall is held in a matrix of organic material
derived from both raptor deposits and woodrat nests.  A
large, modern, woodrat midden chokes the extreme rear of
the cave.  Part of the midden has been burned historically,
probably within the last several decades.  Owls currently
occupy roosts on ledges along the upper rear cave walls.
White fecal drapes below a number of associated perches
festoon the east cave wall.  Debris cones composed primari-
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Figure 19. View of the north slope of Homestead Knoll looking south from the top of the highest Holocene beach of Great Salt Lake showing (A) the
Bonneville beach, (B) the Provo beach, (C) erosion channels in a post-Provo regressive beach, (D) Homestead Cave, (E) the Stansbury beach com-
plex and (F) the Gilbert beach.

Figure 20. View looking north from Homestead Cave towards Great
Salt Lake.  The Eardley threshold and the playa of the Great Salt Lake
Desert are visible in the upper left.
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Figure 21. View of the mesic
microhabitat in the mouth of
Homestead Cave.
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Figure 23. Surface morphology of the Homestead Cave floor showing
location of sample column.  Mouth of cave is to the left.
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ly of whole and partially disarticulated raptor pellets occur
below these perches (figure 14).  Small animal skeletal ele-
ments originating from these pellets cover most of the cave
floor.

INITIAL EXPLORATION

Homestead Cave was unrecorded prior to our first visit
in 1993 despite recent archaeological work in the area (see
Arkush, 1991, 1994; Arkush and Workman, 1993b).  While
the project goals are almost entirely paleoecological in
scope, a surface inventory revealed the presence of a limited
cultural deposition, and initial work at the site consisted of
recording site parameters for inclusion in federal and state
archaeological site files.  The Smithsonian trinomial identifi-
cation number issued by the State Historic Preservation
Office for the cave is 42Bo763.  Cultural materials were lim-
ited to a few pieces of twine in the backdirt from a looter’s
pit.  There were no surface indications of cultural deposition.

Test excavations were initiated on May 24, 1993 by
mapping the cave and imposing a metric grid system on the
site to provide horizontal controls.  The grid system (figure
24) is oriented along the long north-south axis of the cave
and is centered on an imaginary datum point outside and
west of the cave mouth.  All horizontal measurements repre-
sent points south and east of this imaginary datum (see
117.45 m south, 98.6 m east is a point just inside the cave
mouth along the west wall).  A permanent reference point is
marked by a steel stake at point 112S 100E.  The 100E line
which runs north-south through this point is oriented 31° east
of true north.  Excavations were geared towards the removal
of deposits from a series of 1 x 1 meter squares.  Fill within
each of these squares is designated vertically by stratigraph-
ic unit, and horizontally by the grid point on the northwest
corner of each square.  More precise measurements were
recorded for individual items where appropriate.

Our test excavations were initially limited to the clearing
of spoil dirt from the looter’s pit along the west-central por-
tion of the cave, and to cleaning and profiling the pit walls.
After spoil from the hole was cleared away, slightly more
than one meter of the upper cave deposits was exposed.
Careful evaluation and mapping of the pit profiles revealed
the presence of large quantities of small animal bone in a
well-stratified context and the absence of significant cultural
disturbance of the depositional sequence.  Based on these
results, Homestead Cave was selected for the extraction of a
sample column.

ISOLATION AND EXCAVATION OF SAMPLE
COLUMN

The excavation of a stratified faunal sample from Home-
stead Cave was initiated by squaring up the walls of the loot-
er’s pit to conform to the horizontal control system and by
extending the resulting excavation area down into underlying
undisturbed materials.  Due to problems with rockfall and
slumping, this excavation area was eventually extended to a
3.0 m x 2.5 m area along the center of the western wall (fig-
ure 22).  A column one m2 in the southeast corner of this
excavation area, immediately below and downslope from the
largest raptor perch and associated pellet cone, was selected
for isolation and sampling.  All material from outside this
column was screened through 6.3 mm mesh screen to recov-
er any possible cultural items in the deposits.  In some
instances, samples of the fill from various stratigraphic units
were screened through 3.1 mm mesh screen to evaluate the
nature of the faunal remains they contained.

The deposits from around the sample column were exca-
vated in relatively coarse stratigraphic units due to the
exploratory nature of this initial work and to the texture of
the deposits themselves.  Very thin depositional layers are
often difficult to recognize during exploratory operations
when excavations come directly down on top of them.  As a
result, materials from these thinner depositional layers usual-
ly become mixed into thicker overlying strata, and it
becomes pointless to try to separate them.  Once vertical
exposures are available, excavation in much greater detail is
possible.  This normal excavation problem was exacerbated
at Homestead Cave by the coarse rockfall along the western
wall of the cave.  The east-to-west slope of the modern sur-
face appears to have been present throughout the deposition-
al history of the site, and larger spall, up to 0.5 m in diame-
ter, consistently accumulated at the toe of this slope.  Indi-
vidual depositional layers were difficult to trace both lateral-
ly and vertically through this rockfall area.  The presence of
this coarse spall in the sidewalls of the excavation area also
promoted ready slumping of the remaining deposits and it
was necessary to install extensive bracing to prevent cave-
ins.  Working in and around this bracing markedly increased
the difficulty of the excavations.   The basal deposits also
proved to be uniformly dark, almost black in color, due to
their high organic and moisture components, and it was dif-
ficult to distinguish individual strata during exploratory oper-
ations at the bottom of the limited excavation area.  Problems
of these kinds were to be expected, however, and constituted

the principal reason why we felt it necessary to
isolate and describe the sample column in detail
prior to excavating it.  Upon completion of the
exploratory phase, we were able to define a col-
umn which was isolated from major rockfall
areas and in which the most detailed stratigraphy
exposed in the excavation area could be describ-
ed and mapped.

Deposition in a cave such as Homestead
Cave is a product of both continuous and episod-
ic events, some of which affect deposition across
the entire floor of the cave and others of which
are isolated in only a portion of the cave.  The
sediments range from thin, ephemeral deposits of
limited distribution to thick, easily recognized
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strata that can be readily traced completely through the
deposits.  As a result, the way in which the stratigraphic
sequence is defined at such a site is due largely to the goals
of the project, and “stratigraphy” can vary significantly as
these goals change.  In our case, because our primary goal
was the recovery of a sequence of dated faunas uncontami-
nated by extensive bioturbation, the
definition of stratigraphy within the
cave was based largely on our ability to
map and excavate individual strati-
graphic units.  This led to the definition
of three kinds of depositional units: (1)
“excavatable” deposits having clearly
defined upper and lower surfaces that
could be easily mechanically separated
in the excavation process; (2) “map-
pable” deposits that could be traced
completely around the sample column
but that could not be separately exca-
vated because of textural problems be-
tween over-and-underlying deposits;
and (3) “ephemeral” deposits that could
be recognized and described, but which
were too limited or discontinuous in
extent to map throughout the column.
Ultimately, we defined 29 mapped
stratigraphic layers in the three-m-deep
column.  These were combined into 18
separately removed excavation units.
Innumerable “micro” laminae were
clearly evident within this more coarse-
ly defined stratigraphy, and, by limiting
analyses reported in subsequent chapters
to these 18 excavation units, we do not mean to imply that
materials within them were bioturbated.  To the contrary, the
microlaminae indicate such disturbances were very limited,
and the 18 stratigraphic units are a by-product of our ability
to confidently separate excavated materials completely
across the column.  Prior to excavation, this stratigraphic
sequence on the north and west sides of the sample column
was mapped and described in detail.  The southern profile
was mapped and described after the sample column was
removed.  An extensive photographic record was also made
in both still and video camera formats.

The sample column was excavated and removed in two
separate stages due to complications imposed by slumping of
the loosely compacted and much drier upper deposits.  The
upper one-third of the column, containing the entire cultural
sequence at the site, was defined and excavated prior to the
exposure and isolation of the lower portion.  Each excavation
unit was removed by a single excavator (Madsen) using a
small trowel and working from both exposed surfaces.  For
the sake of consistency, the same individual excavated the
entire column.  Disturbed fill from krotovina and small rock-
fall blocks was discarded.  The few cultural features, includ-
ing a small hearth, were mapped in place.  Fill from these
features was separately collected.  No processing of these
sample column deposits was done at the site.  The fill from
each excavation unit was simply double bagged in large plas-
tic garbage bags and transported to the laboratory for pro-
cessing and analyses.  One hundred eleven bags were even-
tually carried down Homestead Knoll. Pollen samples were

extracted from the remaining southern profile subsequent to
the excavation of the sample column.  A series of radiocar-
bon samples, comprising primarily individual woodrat fecal
pellets, was also hand-picked from the profile for accelerator
dating to supplement dates run on materials from the bulk
samples (figure 25).  

Stratum I was sampled in several different ways due to
its complexity and evidence of a major depositional change
within the unit (figure 26).  Initially, Stratum I was collected
as an entire unit in a manner similar to the rest of the column.
Additional samples of the upper and lower one-half of the
lowest excavation unit were separately removed from the
profiles south and east of the sample column.  This was done
to provide better chronological controls after preliminary
radiocarbon dating suggested that the deposition spanned
several thousand years and the original bulk sample may
have contained a mix of sequent faunas.  Finally, ~2 liter
samples were collected from the upper and lower 10 cm of
Stratum I in the south profile where it was thickest (30 cm)
and where a major stratigraphic break was most evident.
This allowed a clean separation of different faunas in the top
and bottom of Stratum I.
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Figure 25. Selecting individual fecal pellets directly from the profile face for radiocarbon dating.
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LABORATORY ANALYSES AND SAMPLE
PROCESSING

Materials from the sample column at Homestead Cave
were processed at the laboratories of the three principal insti-
tutions involved in the project.  Sample bags were initially
returned to the Utah Geological Survey (UGS) where they
were opened and allowed to dry to prevent moulding and to
ease the sorting process.  The sample was then passed
through a set of graded screens commercially available in
large sheets.  These sizes, 19 mm, 6.3 mm, 3.1 mm, and
residual materials, correspond to those most often used in the
analyses of small mammal fauna in sites from western North
America (see Grayson 1983, 1991).  It is important to note,
however, that these are the average measured mesh sizes,
rather than those advertised, and there is some variation due
to slight flaws in the weave.  This is only important for the
smallest screen size, since everything larger than 3.1 mm
was completely sorted and analyzed.  Analysis of the resid-
ual material which passed through the 3.1 mm mesh screen
was limited to a 5-liter subsample, since little information on
mammal faunas is added to that available from materials
larger than that size (Grayson, 1984).  Ostracodes and snail
fragments were hand sorted from this subsample which was
also scanned for any very small animal teeth that may have
slipped through the larger mesh screen.  Reptiles remain
unanalyzed, as do many identifiable specimens, such as
those from bats, which passed through the 3.1 mm mesh
screen.  Future analyses of these materials may substantially
supplement the environmental record reported here.

Material larger than 4.5 mm in each sample was hand
sorted into broad analytical categories at the UGS labora-
tory.  These include limestone spall, tufa spall, bone, floral
remains, fecal pellets, insect remains, gastropods and ostra-
codes.  Materials in each of these categories were rebagged
and sent to the relevant specialist for detailed analysis.  Ana-
lytical procedures specific to each of these general categories
are described where relevant in following chapters.  The lim-
ited number of cultural items recovered from the sample col-
umn and from elsewhere in the site were individually sorted
and were bagged and labeled following curation procedures
outlined by the Utah Museum of Natural History.  This was
a long and tedious process since the number of items sorted
averaged more than 16,500 per liter of fill (exclusive of rock)
and the sample column contained more than 3,000 liters of
fill.  

Material caught in the 3.1 mm mesh screen was sent to
the faunal laboratory at the Burke Museum, University of
Washington, Seattle.  There, all bone was removed by hand
sorting and retained for analysis and identification.  The
remaining unsorted material from the 3.1 mm screen was
sent to the laboratories of the Desert Research Institute,

Reno, where the floral material was sorted and removed.
The samples were then returned to the UGS laboratories
where gastropods, ostracodes and insect remains were sorted
out.  This rather circuitous sorting process was engendered
by the tedious, time-consuming nature of the task.  For ex-
ample, most of the identifiable faunal material from each
sample was caught in the 3.1 mm mesh screen (see chapter
seven) and hand-picking a sample of this size proved to be
an arduous task.

The weight and volume of each sample was recorded to
provide a measure by which samples could be compared in a
standardized fashion (table VI).  Each sample was weighed
after it was allowed to dry, so as to minimize variation intro-
duced by the position of the sample in the upper and drier or
lower and wetter portions of the column.  Volumes were esti-
mated during the screening process at the laboratories but are
suspect because of the introduction of differential com-
paction during the excavation, bagging and transport pro-
cess.  The volume estimates listed here are derived from the
mapped profiles by multiplying the average area of each
excavation unit by the one-meter dimension of the sample
column and are probably much more reliable.  Since there is
considerable variation in the size of the 18 excavation units,
weight or volume is used where appropriate in the following
analyses to provide estimates of changing proportions of var-
ious taxa through time.
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Table VI
Weight and volume of excavation units in the Homestead Cave

sample column
Stratum           Weight (kg)       Volume (m3)
XVIII 20.7 .025
XVII 198.3 .290
XVI 100.0 .057
XV 199.8 .288
XIV 88.5 .158
XIII 179.0 .306
XII 147.3 .180
XI 99.3 .115
X 55.7 .044
IX 114.6 .120
VIII 38.2 .075
VII 65.1 .062
VI 105.0 .216
V 9.53 .045
IV 143.0 .205
III 16.5 .108
II 52.5 .176
I 90.7 .150
Ib 5.97 .010
Ia 11.9 .019





INTRODUCTION

The stratigraphic sequence at Home-
stead Cave (figure 27) was initially
defined during the 1993 isolation of the
sample column and was reconfirmed and
slightly refined during a 1994 effort to
obtain a more detailed radiocarbon record.
Three sides of the sample column stratig-
raphy were mapped; the south profile (fig-
ure 28) shows the slight 1994 modifica-
tions.  The descriptions of the deposits,
below, are essentially those made in the
field, but they have been modified where
necessary based on laboratory analyses.
Additional assessments of the spalling
sequence in the cave and of the more crit-
ical depositional units in the column sup-
plement these descriptions.  With the
exception of four radiocarbon age esti-
mates from bulk samples analyzed for ini-
tial control purposes, all age estimates are
derived from samples taken directly from
mapped profiles. 

Overall depth of the column varies
slightly due to differences in both bedrock
and surface morphology.  Maximum depth
is 2.82 m; minimum depth is 2.65 m.  In
the profiles of the sample column and
excavation area, the strata in Homestead
Cave appear to be generally undisturbed
by bioturbation, and the few areas that
were clearly burrowed or disrupted (pri-
marily along the west wall of the cave)
were avoided during sampling.  What evi-
dence there is for mixing (as in very small
numbers of fish bones and gastropods in
the upper strata) appears due to undetected
(and unavoidable) rodent burrowing along
the margin of large roof-fall blocks.  Away
from these blocks, microlaminae are
undisturbed and not bioturbated.  All
radiocarbon samples were derived from
these undisturbed microlaminae.  Many
layers show moderate to strong stratifica-
tion of roof spall, bone and feces.  Bone is
not usually a descriptive feature in most
sediment profiles, but it is a primary fea-
ture of the Homestead Cave sequence.
The coherency of the 14C results supports
the notion that the cave deposits, where
sampled, were laid down sequentially on
the flanks of raptor pellet mounds, and
that they are little disturbed by later bio-
turbation.  Where multiple 14C age esti-
mates were obtained on individual fecal
pellets from the same microstrata within
major stratigraphic units, for example 
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Units Ia, Ib and VII, they are within, or close to within, one
standard deviation of each other.  This concordance of age
estimates, if representative, shows that there is little mixing
of feces of greatly different ages from the time they were
dropped to when they were incorporated into layers.  By
analogy, the faunal remains from each stratigraphic unit
should be the same age as the feces dated from that horizon.

STRATIGRAPHIC DESCRIPTIONS
(with Jay Quade)

The Middle Pennsylvanian limestone bedrock in the
excavation area has been heavily rounded and polished by
wave action during at least the last lake cycle.  However,
there is no evidence of lacustrine deposition of either fine-
grained deep-water deposits or coarser shoreline beach mate-
rials.  This may be a product of the cave morphology, as the
bedrock surface tilts sharply downward from the back of the
cave to the front (figure 29).  Any remnant regressive-phase
beach deposits may be limited to areas in the cave mouth.
Tufa in the cave is a calcium carbonate deposit precipitated

from supersaturated lake waters through biochemical action.
The definitions and classifications of tufas vary widely (see
Pedley, 1990; Viles and Goudie, 1990; Benson, 1994), and
the Homestead Cave tufa is here described only as a
microdetrital, algal tufa, taking a sheet form.  The ~20 cm-
thick tufa has exfoliated off interior cave surfaces, but
remains on most exposures immediately outside the cave.
Estimates of tufa deposition rates vary (Viles and Goudie,
1990), but suggest that the Homestead Cave tufa could have
formed in a lake stillstand lasting less than 200 years.  The
tufa probably formed in the offshore, deeper water littoral
zone and the lake surface may have been 5-15 m above the
cave itself, about the level of the wave-cut ridge surface
above the cave.  The tufa has not been directly dated and the
time of its deposition is unknown.  Because of the relative
speed of lake regression it has often been assumed that most
Bonneville-cycle tufas from middle elevations are derived
from transgressive-phase stillstands, but the presence of a
tufa-coated gastropod and ostracode fauna in the cave sug-
gests that it may be associated with a post-Provo lake.

Stratum I

Stratum I is a moist, very dark reddish-brown (5YR3/4)
silty loam directly overlying the floor of Homestead Cave.  It
is highly organic and exhibits a “greasy” texture.  Internal
microstratification is evident, characterized by discontinuous
lenses of thin (<1 cm thick), light grayish-brown fine-grained
sediments (figure 30).  A major break in the Stratum I depo-
sitional sequence was noted during mapping of the south pro-
file, but neither this major break nor the microlaminae could
be traced continuously throughout the stratum and, as a
result, they were not separately excavated.  Stratum I varies
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in thickness due to the undulating nature of the underlying
limestone bedrock, ranging from a maximum of 30.0 cm to a
minimum of 6.0 cm thick around the circumference of the
sample column.  Within the column it averages 15 cm in
thickness and has a total volume of 0.150 m3.  The weight of
this collected sample is 90.7 kg.  It consists primarily of
degraded organic material and fine-grained sediments.
These latter consist of both sands and aeolian materials.  The
water-modified sands are well mixed with other materials and
appear to derive from down-slope colluviation of Provo and
Bonneville-level lake sediments.  Large blocks of exfoliated
tufa up to 20 cm in diameter occur within the unit.  Lime-
stone eboulis is present, but represents a smaller proportion
of total volume than in upper depositional units.  Total rock
(>3.1 mm) weighs 15.7 kg.  Residual finer grained deposits
(<3.1 mm) weigh 67.7 kg.  Large numbers of small faunal
elements are present.  Plant macrofossils are limited to hack-
berry (Celtis sp.) endocarps found primarily in the upper half
of the stratum.  Fish elements do not occur in the upper one-
third of the stratum and disappear sometime during the mid-
dle of the Stratum I depositional sequence.   Protein from a
marmot femur collected from the Stratum I bulk sample pro-
vides an age estimate of 10,910 ± 60 yr B.P. (Beta 72205).

Stratum Ia is the arbitrarily defined lower one-half of
Stratum I in the east and south profiles adjacent to the sam-
ple column.  Given the clear stratigraphic break evident in
the south profile, samples from Ia and Ib may represent real
depositional differences but are likely contaminated to some
extent by the arbitrary nature of their excavation.  Material is
sticky and plastic, and the unit is weakly stratified to unstrat-
ified.  A large (>50%?) proportion of the layer is composed
of small (~1 cm long), crushed fecal remnants.  The average
thickness of Stratum Ia is 7.5 cm.  Total sample weight is
11.9 kg.  Total rock (>3.1 mm) weighs 0.12 kg.  Residual
finer-grained deposits (<3.1 mm) weigh 10.9 kg.  Fecal pel-
lets of Neotoma sp. from the lowest 5 cm of the unit, direct-

ly overlying bedrock, provide age estimates of 11,270 ± 135
yr B.P. (AA 14816), 11,263 ± 83 yr B.P. (AA 16809), 11,181
± 85 yr B.P. (AA 16808) and 11,065 ± 105 yr B.P. (AA
14817).

Stratum Ib is the arbitrarily defined upper one-half of
Stratum I.  The matrix is sticky and plastic, and the unit is
well stratified in places.  Crushed fecal pellets appear to
dominate this unit, as in Stratum Ia.  The average thickness
of Stratum Ib is 7.5 cm.  Total sample weight is 5.97 kg.
Total rock (>3.1 mm) weighs 0.37 kg.  Residual finer-grained
deposits (<3.1 mm) weigh 5.17 kg.  Fecal pellets of Neotoma
sp. taken directly from the upper 5 cm of the mapped
deposits on the south column profile provide age estimates of
10,350 ± 80 yr B.P. (AA 11818) and 10,160 ± 85 yr B.P. (AA
11819). 

Stratum II

Stratum II consists of a dark brown, highly organic silty
loam characterized by large numbers of hackberry endo-
carps.  It contains relatively few angular limestone spalls but
does contain numerous tufa spalls up to 30 cm in diameter.
The matrix is sticky, slightly plastic, loose, and largely
unstratified.  Large numbers of small faunal elements are
present, as well as artiodactyl and woodrat fecal pellets.
Color is generally dark brown (10YR3/4 to 10YR 4/4), but
the stratum contains a significant eolian component in the
upper portion of the unit and the color is brownish yellow
(10YR6/6) in places.  Stratum II ranges in thickness from a
maximum of 30.0 cm to a minimum of 6.0 cm around the cir-
cumference of the sample column and averages 17.6 cm.  Its
total volume is 0.176 m3.  The weight of this collected sam-
ple is 52.5 kg.  Residual finer-grained deposits (<3.1 mm)
weigh 32.5 kg.  The age of the Stratum II deposits is con-
trolled by three radiocarbon age estimates.  One, on hackber-
ry endocarps collected from a bulk sample in the laboratory,
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provides an age estimate of 8830 ± 240 yr B.P. (Beta 63438).
The remaining two are AMS age estimates on single hack-
berry endocarps of 8790 ± 90 yr B.P. (AA 14820) and 8520
± 80 yr B.P. (AA 14821).  Wang and others (1997) also
obtained an experimental age estimate from endocarp car-
bonates of 7880 ± 50 yr B.P. (RA-CO416).

Stratum III 

Stratum III is a thin, medium brown (10YR6/6) layer of
mixed organic and eolian material.  Its upper and lower sur-
faces are somewhat amorphous and can be distinguished
only with difficulty.  It contains limited amounts of spall,
mostly smaller than 5 cm in diameter, but a large area of
rockfall occurs along the western margin of the sample col-
umn and extends into the overlying Strata IV and V.  Small
faunal elements, hackberry endocarps and artiodactyl/wood-
rat fecal pellets are prevalent.  Stratum III ranges in thickness
from a maximum of 24.0 cm to a minimum of 3.0 cm around
the circumference of the sample column and averages 10.8
cm.  Its total volume is 0.108 m3.  The weight of this col-
lected sample is 16.5 kg.  Residual finer-grained deposits
(<3.1 mm) weigh 5.4 kg.  Stratum III is undated.

Stratum IV

Stratum IV consists of a thick, faintly stratified, highly
organic, dark yellowish-brown (10YR5/6 to 5/8) silty loam.
It is sticky, slightly plastic and loose.  Eolian deposition is
apparent, but there are no evident bedding planes (figure 31).
It contains randomly oriented spall of mixed tufa and lime-
stone and, with the exception of a few larger pieces up to 25
cm in diameter, most are small.  It contains abundant hack-
berry seeds, lower proportions of artiodactyl and woodrat
fecal pellets, and rare elements of other vegetation types.
Stratum IV ranges in thickness from a maximum of 29.0 cm
to a minimum of 3.0 cm around the circumference of the
sample column and averages 20.5 cm.  Its total volume is
0.205 m3.  The weight of this collected sample is 143.0 kg.
Residual finer-grained deposits (<3.1 mm) weigh 80.9 kg.
The age of Stratum IV is controlled by a single radiocarbon
age estimate of 8195 ± 85 yr B.P. (AA 14823) run on a sin-
gle artiodactyl fecal pellet.

Stratum V

Stratum V is a thin, light yellowish-brown (10YR6/5 to
7/3) silty loam containing higher proportions of eolian silts
and reduced amounts of organic materials relative to other
strata.  Hackberry endocarps, small angular limestone spall,
and small faunal elements are common.  The upper and lower
surfaces are irregular, and Stratum V can be distinguished
from upper and lower deposits only with difficulty.  Stratum
V ranges from a maximum of 8.0 cm to a minimum of 3.0 cm
thick around the circumference of the sample column and
averages 4.5 cm.  Its total volume is 0.045 m3.  Approxi-
mately half this sample was contaminated in the laboratory
and was discarded.  The weight of the remaining half sample
is 9.5 kg.  Residual finer-grained deposits (<3.1 mm) weigh
2.2 kg. The age of Stratum V is controlled by a single radio-

carbon age estimate of 8230 ± 69 yr B.P. (AA 16810) run on
a single artiodactyl fecal pellet.  The two age estimates from
Strata IV and V are statistically indistinguishable, suggesting
they were laid down in rapid succession.

Stratum VI 

Stratum VI is a relatively thick, organic-rich deposit con-
taining large amounts of small faunal elements.  It is sticky,
slightly plastic and loose.  Some minimal internal stratifica-
tion is evident, characterized mainly by color variation, but
no bedding planes are apparent.  Color ranges from light yel-
lowish brown to very dark brown (10YR6/4 to 3/3).  Artio-
dactyl and woodrat fecal pellets are common, but hackberry
endocarps are rare.  Angular limestone spall is significantly
reduced and is generally of small size, although a few pieces
reach 40 cm in diameter.  Two depositional layers are map-
ped as Stratum VIa and VIb in the south profile, but Stratum
VI was excavated as a unit and they are not treated separate-
ly for analytical purposes.  Stratum VI ranges in thickness
from a maximum of 28.0 cm to a minimum of 5.0 cm around
the circumference of the sample column and averages 21.6
cm.  Its total volume is 0.216 m3.  The weight of this col-
lected sample is 105.0 kg.  Residual finer-grained deposits

36 Utah Geological Survey

Figure 31. View of the lower portion of the south face of the Home-
stead Cave sample column.



(<3.1 mm) weigh 64.4 kg.  The age of Stratum VI is con-
trolled by an AMS radiocarbon age estimate of 7120 ± 70 yr
B.P. (AA 11426) run on a single artiodactyl fecal pellet.

Stratum VII 

Stratum VII is a thin layer of light, very pale brown
(10YR7/3)) eolian and/or colluvial silt containing reduced
amounts of organic material.  It is conspicuously stratified.
The relative proportion of small spall is also reduced,
although some fragments up to 15 cm in diameter are evi-
dent.  There are abundant small, imbricated chips of roof
spall, mostly in grain-to-grain contact.  Stratum VII contains
woodrat pellets and rare fragments of plants (no hackberry
endocarps are evident).  It ranges in thickness from a maxi-
mum of 11.0 cm to a minimum of 3.0 cm around the circum-
ference of the sample column and averages 6.2 cm.  Its total
volume is 0.062 m3.  The weight of this collected sample is
65.1 kg.  Residual finer-grained deposits (<3.1 mm) weigh
28.2 kg.  The age of Stratum VII is controlled by two AMS
radiocarbon age estimates of 6160 ± 85 yr B.P. (AA 14824)
and 6185 ± 105 yr B.P. (AA 11825) run on single artiodactyl
fecal pellets.

Stratum VIII 

Stratum VIII is a dark to very dark brown (10YR3/3)
highly organic silty loam containing relatively reduced
amounts of small angular limestone spall.  It is generally well
stratified.  The proportion of small faunal elements is very
high, and in places the stratum appears to be almost pure
bone.  Krotovina are evident throughout the stratum and a
rodent nest was identified and discarded prior to removing
the stratum from the sample column.  The proportion of
eolian/colluvial silt appears to be reduced.  Stratum VIII
ranges in thickness from a maximum of 12.0 cm to a mini-
mum of 4.0 cm around the circumference of the sample col-
umn and averages 7.5 cm.  Its total volume is 0.075 m3.  The
weight of this collected sample is 38.2 kg.  Total rock (>3.1
mm) weighs 20.9 kg.  Residual finer-grained deposits (<3.1
mm) weigh 14.5 kg.  Stratum VIII is undated.

Stratum IX 

Stratum IX is a thin, pale yellowish-brown (10YR 6/5 to
7/5) depositional layer containing reduced amounts of organ-
ic debris and small angular spall.  The deposition is charac-
terized by very abundant, well-stratified roof spall in grain-
to-grain contact.  It appears to be primarily of eolian origin,
although some colluvial silt may be present.  It appears to
contain some microlaminae, but individual laminae cannot
be mapped or excavated separately.  Artiodactyl fecal pellets
and small faunal elements are common.  Some recent limit-
ed contamination from krotovina is suggested by the pres-
ence of a piece of electrical wire probably originating from a
relic hunter’s pit adjacent to the sample column.  Stratum IX
ranges in thickness from a maximum of 17.0 cm to a mini-
mum of 5.0 cm around the circumference of the sample col-
umn and averages 12.0 cm.  Its total volume is 0.120 m3.
The weight of this collected sample is 114.6 kg.  Residual

finer-grained deposits (<3.1 mm) weigh 3.05 kg.  Stratum IX
is undated.

Stratum X 

Stratum X consists of two very thin depositional layers
which could be readily mapped, but could not be separately
excavated with confidence.  Stratum Xa, the lower of the
two, is a very thin light gray, almost white (10YR8/2) eolian
deposit containing very reduced amounts of organic staining
and relatively few small faunal elements.  Some small angu-
lar spall is evident.  It ranges in thickness from a maximum
of 2.0 cm to a minimum of 1.0 cm around the circumference
of the sample column and averages 1.5 cm.  Stratum Xb, the
upper of the two, is an organic-rich silty loam with a rela-
tively high concentration of small faunal elements, some
artiodactyl and woodrat fecal pellets, and reduced amounts
of small angular spall.  Rare elements of plant macrofossils
occur.  It is dark yellowish brown in color (10YR 4/4 to 5/6).
Cultural material, limited to two pieces of twine, is rare and
probably originates from this upper subunit.  Stratum Xb
ranges in thickness from a maximum of 7.0 cm to a minimum
of 2.0 cm around the circumference of the sample column
and averages 4.5 cm.  The total volume of Stratum X is 0.058
m3.  The weight of this collected sample is 55.7 kg.  Resid-
ual finer-grained deposits (<3.1 mm) weigh 22.6 kg.  The age
of Stratum Xb is controlled by a single radiocarbon age esti-
mate of 5330 ± 65 yr B.P. (AA 14822) run on an individual
artiodactyl fecal pellet.

Stratum XI 

Stratum XI is a pale yellow (2.5Y8/4) eolian deposit
containing a relatively high proportion of large to medium-
sized angular spall.  Much of this spall is highly eroded, and
virtually every fragment is covered by a rind of partially
decomposed limestone.  Some of the finer-grained sediments
may be of colluvial origin and/or of degraded bedrock.  Stra-
tum XI is generally well stratified but grades into a thick area
of rockfall along the western margin of the cave.  Small
amounts of organic debris and small faunal elements are
present but may be a product of bioturbation.  Cultural
remains are present but rare, consisting of an ignimbrite atlatl
point fragment and a piece of twine.  Stratum XI ranges in
thickness from a maximum of 22.0 cm to a minimum of 4.0
cm around the circumference of the sample column and
averages 11.5 cm.  Its total volume is 0.115 m3.  The weight
of this collected sample is 99.3 kg.  Residual finer-grained
deposits (<3.1 mm) weigh 26.9 kg.  A large charred log iden-
tified as pine, on the surface of Stratum XI and apparently
brought into the cave by humans (figure 32), provides an age
estimate of 3400 ± 60 yr B.P. (Beta 63179).

Stratum XII 

Stratum XII is a highly organic, light yellowish-brown
(10YR6/4) deposit containing relatively lower portions of
imbricated well-stratified spall in a silty matrix.  The spall is
generally less than 5 cm in diameter, although several speci-
mens reach 15 cm in diameter.  Artiodactyl and wood-rat
fecal pellets are common and small faunal bones are preva-
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lent.  Stratum XII is moist and plant macrofossils and items
of cultural origin are rare; the latter items consist of several
pieces of twine.  The upper surface of this stratum is irregu-
lar and poorly defined due to large pieces of limestone spall
which penetrate from the overlying Stratum XIII.  Stratum
XII ranges in thickness from a maximum of 25.0 cm to a
minimum of 15.0 cm around the circumference of the sam-
ple column and averages 18.0 cm.  Its total volume is 0.180
m3.  The weight of this collected sample is 147.3 kg.  Resid-
ual finer-grained deposits (<3.1 mm) weigh 58.9 kg.  The
charred log at the base of the unit, noted above, may be asso-
ciated with the deposition of Stratum XII.

Stratum XIII 

Stratum XIII consists of four thin depositional layers,
combined for excavation and sampling purposes because the
irregular nature of their interfacing surfaces prevented their
clean separation.  Stratum XIIIa, the lowest of the four sub-
strata, is a spall-rich layer packed in grain-to-grain contact.
It contains the highest occurrence of a white powdery miner-
al (probably gypsum) in the entire sequence.  The fine-
grained sediments appear to contain both eolian and decom-
posed bedrock components.  The light gray to very pale
brown (10YR7/3) deposit contains little obvious organic
material.  Both its upper and lower surfaces are poorly
defined due to high spall content.  It ranges in thickness from
a maximum of 12.0 cm to a minimum of 2.0 cm around the
circumference of the sample column and averages 5.6 cm.
Stratum XIIIb is a thin, organically stained yellowish-brown
(10YR6/6) deposit containing numerous artiodactyl and
woodrat fecal pellets.  It is moist and contains few plant
macrofossils.  Stratum XIIIb ranges in thickness from a max-
imum of 16.0 cm to a minimum of 5.0 cm around the cir-

cumference of the sample column and averages 10.7 cm.
Stratum XIIIc is a very thin (less than 1 cm thick) eolian
deposit which serves to separate the highly organic substrata
above and below it.  It is light gray in color (2.5Y7/2) and
contains no evident spall component.  Stratum XIIId, the
uppermost of the four combined depositional units, is an
organically stained yellowish-brown (10YR6/6) deposit con-
taining numerous artiodactyl and woodrat fecal pellets.  It is
relatively dry and contains numerous plant macrofossils.
Overall spall is dispersed, and the unit is primarily matrix-
supported silt with crude layering.  It is flecked with charcoal
throughout and contains a number of items of human origin,
principally twine.  Stratum XIIId ranges in thickness from a
maximum of 31.0 cm to a minimum of 5.0 cm around the
circumference of the sample column and averages 13.9 cm.
The total volume of Stratum XIII is 0.305 m3.  The weight of
this collected sample is 179.0 kg.  Residual finer-grained
deposits (<3.1 mm) weigh 66.5 kg.  Stratum XIII is dated by
a standard radiocarbon analysis run on 30 g of mixed artio-
dactyl pellets.  The age estimate is 3480 ± 40 yr B.P. (Beta
101878).

Stratum XIV

Stratum XIV is a mixed depositional unit containing
eolian sediments, numerous angular spalls in the 3-5 cm
diameter range (with a few larger specimens), and some plant
macrofossils.  Stratum XIVa, a thin, 1-2 cm thick eolian de-
posit at the base of the stratum, extends throughout the sam-
ple column and serves to separate Stratum XIV from under-
lying deposits.  It could not be individually excavated, how-
ever.  Stratum XIVb is mottled in color, but predominantly
light gray (2.5Y7/2).  Although it is relatively dry, it contains
proportionally few artiodactyl fecal pellets.  It is charcoal
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Figure 32. View of large branch fragment probably imported into Homestead Cave by human occupants.



flecked, and items of human origin include an obsidian atlatl
point and a number of pieces of twine.  Stratum XIV ranges
in thickness from a maximum of 20.5 cm to a minimum of
10.0 cm around the circumference of the sample column and
averages 15.8 cm.  The total volume of Stratum XIV is 0.158
m3.  The weight of this collected sample is 88.5 kg.  Resid-
ual finer-grained deposits (<3.1 mm) weigh 31.0 kg.  The age
of Stratum XIV is controlled by a single standard radiocar-
bon age estimate of 2850 ± 50 yr B.P. (Beta 103692) run on
30 g of mixed artiodactyl fecal pellets.

Stratum XV

Stratum XV is a faintly bedded depositional unit con-
taining numerous plant macrofossils, abundant artiodactyl
fecal pellets and a relatively small proportion of angular
spall.  It is charcoal flecked and is light yellowish brown in
color (10YR6/4).  It contains abundant silt, with weakly
stratified, dispersed spall.  Items of human origin include a
chalcedony arrow point, hide knots, and fragments of twine.
Stratum XV ranges in thickness from a maximum of 41.0 cm
to a minimum of 20.0 cm around the circumference of the
sample column and averages 28.8 cm.  The total volume of
Stratum XV is 0.288 m3.  The weight of this collected sam-
ple is 199.8 kg.  Residual finer-grained deposits (<3.1 mm)
weigh 96.0 kg.  Stratum XV is undated.

Stratum XVI 

Stratum XVI is a thin layer of mixed organic ash, plant
macrofossils, spall and eolian sediments associated with a
hearth on the surface of Stratum XV.  It contains numerous
small faunal elements but relatively few artiodactyl fecal pel-
lets and is light brownish-gray in color (5YR6/2 to 7/2).  The
hearth is partially disturbed but appears to have been rela-
tively circular, roughly 35 cm in diameter, and about 5 cm
thick.  It appears to be the result of a small fire laid directly
on the underlying surface with no preparation.  Ash from the
hearth extends throughout Stratum XVI, thinning towards
the limit of the excavation area.  The unit is completely filled
with matrix silt and contains abundant angular spall and plant
fragments.  Stratum XVI ranges in thickness from a maxi-
mum of 12.0 cm to a minimum of 1.0 cm around the cir-
cumference of the sample column and averages 5.7 cm.  The
total volume of Stratum XVI is 0.057 m3.  The weight of this
collected sample is 100.0 kg.  Residual finer-grained deposits
(<3.1 mm) weigh 37.0 kg.  Charcoal from the hearth in Stra-
tum XVI provides an age estimate of 1200 ± 50 yr B.P. (Beta
66940).

Stratum XVII 

Stratum XVII is a thick layer of mixed small angular
spall, plant macrofossils, and large chunks (to 50 cm in
diameter) of fused guano and raptor pellets with minor
amounts of fine-grained eolian sediments (figure 33).  It is
mottled in color, but generally appears to be a pale brown
(10YR6/3).  Some charcoal flecks are present and heavy con-
centrations of artiodactyl fecal pellets occur in the relatively
dry depositional layer.  Items of human origin include a

metate of local bedrock material and a single piece of twine.
Stratum XVII ranges in thickness from a maximum of 36.0
cm to a minimum of 19.0 cm around the circumference of the
sample column and averages 29.0 cm.  The total volume of
Stratum XVII is 0.290 m3.  The weight of this collected sam-
ple is 198.3 kg.  Residual finer-grained deposits (<3.1 mm)
weigh 63.6 kg.  The age of Stratum XVII is controlled by a
single standard radiocarbon age estimate of 1020 ± 40 yr B.P.
(Beta 101877) run on 30 g  of mixed artiodactyl fecal pellets.

Stratum XVIII 

Stratum XVIII consists of the two uppermost recogniza-
ble depositional units in the sample column and is found only
in the western half of the sample column.  The two layers
were excavated as a unit due to the indistinct interface
between them.  Stratum XVIIIa, the lower of the two sub-
strata, is a thin layer of ash and small spall containing no evi-
dent plant or animal macrofossils.  It is 1-2 cm thick where it
occurs.  Stratum XVIIIb is the uppermost deposit and con-
sists of mixed and disturbed sediments.  It is essentially dry
and contains chunks of compacted raptor pellets, spall, plant
macrofossils and minor amounts of eolian material.  It is 13.0
cm thick along the western margin of the sample column and
wedges out toward the center.  The total volume of Stratum
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Figure 33. View of the upper portion of the Homestead Cave sample
column.



XVIII is 0.025 m3.  The weight of this collected sample is
20.7 kg.  Residual finer-grained deposits (<3.1 mm) weigh
6.7 kg.  Stratum XVIII is undated.

CHRONOLOGY
(with Jay Quade)

Chronology at Homestead Cave is controlled by 25
radiocarbon age estimates (table VII).  Four of these were
obtained for experimental and control purposes and are not
directly related to the sample column.  While these are
reported here, interpretation is based only on the remaining
21 age estimates obtained on samples collected from column
deposits.  Of these, 13 were obtained from individual fecal
pellets of either woodrats or artiodactyls taken directly from
the southern mapped face of the sample column.  Two were
obtained on charcoal also taken directly from cultural fea-
tures within the sample column.  The remaining six were
obtained in the laboratory from the bulk samples collected
from the column for analyses.  Two of the three age estimates
for Stratum II were obtained from individual hackberry
endocarps.  Only six of the 18 age estimates from the sample
column are conventional radiocarbon age estimates.  The
remaining 15 were run using an accelerator mass spectrome-
ter, since this allowed us to date individual specimens and

assess the degree of variation among stratigraphically related
samples.  Accelerator mass spectrometer dating also general-
ly produces a significantly reduced error range.

Standard 14C pretreatment procedures were followed for
samples dated at the University of Arizona accelerator facil-
ity, except the use of a base was omitted.  Most samples were
weakly to moderately calcareous, which the 6N HCl treat-
ment removed.  Experimentation with the base treatment on
one sample showed there was no humic fraction present.
This is not surprising given the relatively closed and dry con-
ditions of the cave.  The base treatment was therefore not
performed on the dated samples.  Pretreatment for the Ari-
zona accelerator samples was: (1) soak in 20 ml ~6N HCl in
50 ml polypropylene centrifuge tubes, set in ~80°C bath for
one hour, (2) centrifuge, decant and wash five times in milli-
Q distilled H2O; pH>5 in resultant solution, and (3) dry
overnight in covered centrifuge tubes, transfer to clean glass
vials, take to acclerator facility for combustion, conversion to
graphite and counting.

The 21 radiocarbon age estimates from the sample col-
umn listed in table VII have been converted to calendrical
dates and adjusted to changes in atmospheric 14C using a cal-
ibration program (version 3.03c) produced by Stuiver and
others (1998) and conversion sequences cited therein. Where
the slope in the radiocarbon curve has been markedly affect-
ed by changes in atmospheric 14C, particularly for the period
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Table VII
Radiocarbon age estimates from Homestead Cave

Stratum 14C Age Cal Age Lab No. Material
(yr B.P.) (cal  B.P.)*

XVII 1020±40 925-961 Beta 101877 30 g artiodactyl pellets
XVI 1200±50 1058-1216 Beta 66940 charcoal
XIV 2850±50 2873-3056 Beta 103692 30 g artiodactyl pellets
XIII 3480±40             3689-3328 Beta 101878 30 g artiodactyl pellets   
XII 3400±60            3572-3695 Beta 63179 wood/charcoal
X 5330±65             5993-6266 AA 14822 1 artiodactyl pellet
VII 6160±85             6906-7208 AA 14824 1 artiodactyl pellet
VII 6185±105          6908-7248 AA 14825 1 artiodactyl pellet
VI 7120±70            7865-8003 AA 14826 1 artiodactyl pellet
V 8230±69             9033-9399 AA 16810 1 artiodactyl pellet
IV 8195±85             9097-9397 AA 14823 1 artiodactyl pellet
II 8520±80             9474-9547 AA 14821 1 hackberry seed
II 8790±90            9808-10,146 AA 14820 1 hackberry seed
II 8830±240          9544-10,221 Beta 63438 hackberry seeds
I-upper 5cm 10,160±85       11,706-12,105 AA 14819 1 rodent fecal pellet
I-upper 5cm 10,350±80       11,948-12,600 AA 14818 1 rodent fecal pellet
I-general 10,910±60       12,878-13,005 Beta 72205 bone collagen
I-lower 5cm 11,065±105     12,919-13,160 AA 14817 2 rodent fecal pellets
I-lower 5cm 11,181±85      13,018-13,187 AA 16808 1 rodent fecal pellet
I-lower 5cm 11,263±83       13,142-13,397 AA 16809 1 rodent fecal pellet
I-lower 5cm 11,270±135     13,039-13,431 AA 14816 1 rodent fecal pellet

*(@ 1σ)

Additional experimental dates; provenience unknown:
6965±70 AA 14827 1 artiodactyl pellet
7020±60 Beta 70838 bone collagen
7880±50 RA-COH16 hackberry endocarp carbonate
8270±60 Beta 70837 bone collagen



from 12,000 to 10,000 B.P., the uncertainty range of each age
estimate expands substantially.  For example, an age estimate
of 10,350 ± 80 yr B.P. from Stratum Ib has a 95.4% proba-
bility of dating within a range of more than a thousand years
(11,762 - 12,816 cal yr B.P.).  While this complicates inter-
pretation of the true age of the lower depositional units, age
determinations within each unit remain internally consistent
and there is clear chronological separation between most
units.  Because calibrations remain subject to change, where
age estimates are discussed in the text, they are listed simply
in terms of radiocarbon years before present (figure 34). 

Multiple age estimates from a number of individual
stratigraphic units also suggest that there has been little bio-
turbation or other mixing of deposits of differing ages, and
that these radiocarbon age estimates are accurate proxies for
the age of all the materials within each unit.   For example,
the four age estimates from Stratum Ia are statistically indis-
tinguishable and fall within a maximum range (at 2 sigma) of
11,540 - 10,855 yr B.P. even when unaveraged.  The consis-
tency of the age estimates on these fecal pellets suggests that

other materials in the unit, particularly the fish bones, were
deposited at the same time and do not represent mixing from
an earlier, undetected deposition.  When averaged (weighted
by sigma), the age estimates suggest an age of 11,201 ± 76 yr
B.P. for Stratum Ia.  The calibrated calendrical age is 13,155
cal B.P. with a 2 sigma range of 12,903 - 13,757 cal yr ago.

These radiocarbon determinations suggest several mark-
ed changes in deposition rates throughout the sedimentary
sequence.  While the long-term average deposition rate for
Homestead Cave is 24.4 cm per 1000 years (20.8 cm/1000
14C yr), periods of rapid deposition are juxtaposed with peri-
ods of limited or no deposition.  The average age estimates
for Strata Ib and II are ~1500 14C yr apart (~2400 cal yr),
suggesting a depositional hiatus between the two units and/or
relatively slow deposition during the period when Stratum II
was laid down.  Sedimentation rates then changed dramati-
cally, and Strata II through V were deposited in a period of
~500 14C yr or less.  Sedimentation rates for the deposition
of Strata VI-X then return to approximately the long-term
average for the cave sequence.  A second marked reduction
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in sedimentation rates occurs during the deposition of Stra-
tum XI, with this relatively thin unit being laid down over a
period of ~2500 14C yr.  Strata XII-XIV were laid down rel-
atively rapidly, within a period of a ~500 14C yr.  The upper
portion of the column is not well dated, but the sedimentation
rates again appear to approach the long-term average.

EBOULIS

Spall is a common component of every stratigraphic
unit, although there is significant variation in material type,
size and proportion of total sediment throughout its vertical
distribution.  The data available on the Homestead Cave
eboulis, however, is a by-product of extraction techniques
used to retrieve faunal and floral elements from the deposits,
and a detailed study of the Homestead Cave eboulis has not
been attempted.  In particular, two aspects of sample recov-
ery and processing hinder interpretation.  First, and perhaps
most importantly, our primary goal was to identify change in
the composition and relative proportions of biotic communi-
ties through time, and every effort was made during the
excavation phase to insure there was as little intersample
contamination as possible.  To this end, where separate depo-
sitional units could not be cleanly and clearly separated, they
were combined and excavated as a unit.  As a result, detailed
analysis and interpretation of the rate and size of spalling, col-
luvial deposition and wind-borne materials are problematic.  

Second, to speed the sorting process, materials from the
sample column were passed through screen sizes most appro-
priate to the analyses of small mammal fauna.  These corre-
spond roughly to the -4.0, -2.5, and -1.5 screen sizes in the
metric phi scale most often used for grain size analysis

(Boggs, 1987).  No attempt was made to retrieve faunal
materials smaller than 3.1 mm.  As a result, it is not possible
to attempt to duplicate the kind of sediment analysis carried
out at a number of other stratified cave deposits in the Bon-
neville basin (see Swanson and Muto, 1975; Duncan, 1991).
It is possible, however, to compare changes in coarse-grained
materials through time with that defined at other Bonneville
basin caves.  This larger sediment fraction is derived almost
exclusively from bedrock sources within the cave itself and
relates directly to weathering of the roof and wall surfaces.
Bedding planes in the bedrock outcrop at Homestead Knoll
are almost vertical and are oriented parallel to the long axis
of the cave.  This orientation promoted relatively rapid
weathering once the cave was exposed through wave action
and the tufa had exfoliated from the cave roof and walls.

The distribution of coarse-grained sediments changes
significantly through the depositional sequence, and the cave
strata essentially form two separate sets.  Eboulis in the low-
est strata at Homestead Cave, Strata I-VI, constitutes a rela-
tively small proportion of the total sediment from each unit
(table VIII).  In Strata VII-XVIII, on the other hand, the pro-
portion of organic materials and finer-grained eolian
and colluvial sediments is reduced, and coarse limestone
spall averages 30-40% of each stratigraphic unit by weight
(figure 35).  Two alternate causes may explain this distribu-
tion. 

The first is a climatic explanation and rests on the
assumption that changes in the rate of eboulis production in
cave sediments are due to change in temperature and mois-
ture regimes, principally in the frequency of freeze/thaw
episodes (see Fryxell, 1964; Tankard and Schweitzer, 1976;
Laville and others, 1980; Birkeland, 1984).  If this assump-
tion is valid, the Homestead Cave sequence suggests a grad-
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Table VIII
Sediment composition of the Homestead Cave deposits

Organic             Residual Total
Stratum Spall(>3mm) Remains*          Sediments Weight/Volume

XVIII 12.0 kg 2.0 kg 6.7 kg 20.7 kg / 0.025m3

XVII 95.7 39.0 63.6 198.3   /   0.290
XVI 47.0 16.0 37.0 100.0   /   0.057
XV 78.4 25.4 96.0 199.8   /   0.288
VIV 49.3 5.2 31.0 88.5   /   0.158
XIII 108.5 4.0 66.5 179.0   /   0.306
XII 74.5 13.9 58.9 147.3   /   0.180
XI 65.5 11.6 26.9 99.3   /   0.115
X 28.2 4.9 22.6 55.7   /   0.044
IX 60.8 10.8 43.0 114.6   /   0.120
VIII 20.9 2.8 14.5 38.2   /   0.075
VII 30.4 6.5 28.2 65.1   /   0.062
VI 28.0 12.6 64.4 105.0   /   0.216
V 4.9 2.4 2.2 9.5  /  0.045
IV 42.5 19.6 80.9 143.0   /   0.205
III 4.5 6.6 5.4 16.5   /   0.108
II 12.7 7.6 32.5 52.5   /   0.176
I 15.7 7.3 67.7 90.7   /   0.150
Ib 0.37 0.4 5.17 5.97 /   0.010
Ia 0.12 0.7 10.9 11.9  /   0.019

(*) Seeds, fecal pellets, bones, etc.



ual increase in freeze/thaw episodes from Stratum I through
Stratum VIII, with variation around a rather stable mean
thereafter.  This increase in the number of freeze/thaw
episodes can, in turn, be explained in one of two ways.  Aver-
age winter temperatures may have gradually increased dur-
ing the Pleistocene/Holocene transition and the early
Holocene such that normal variation around that mean re-
sulted in increasingly frequent freeze/thaw episodes as
warming continued.  Alternatively, average temperature may
have remained the same, with amplitude and frequency of
temperature changes gradually increasing.  

Regardless, such a climatic explanation is at best tenta-
tive, despite the close match with general reconstructions of
Great Basin climate change, and with the specific paleoenvi-
ronmental conditions suggested by the Homestead Cave flora
and fauna.  The assumption that spalling rates are related to
cryoclastic processes has been widely challenged (see Far-
rand, 1985), and a variety of other chemical and mechanical
mechanisms for eboulis production have been suggested.
For example, the growth of calcium carbonate crystals along
bedding planes is just one of many equally viable explana-
tions for spall production.  In short, the increase in the spall
component of the Homestead Cave deposits from ~11.5 to 7
ka may be related to warming winter temperatures and an
increase in the number of freeze/thaw episodes, but that rela-
tionship can be verified only with great difficulty.

A much more likely and reasonable explanation for the
change in coarse-grained sediments is a mechanical one.  A
thick coating of tufa initially protected all the limestone
bedrock surfaces from the effects of weathering after reced-
ing lake waters exposed Homestead Cave.  Limestone
bedrock spall could not be produced and added to the cave
floor deposits until after this tufa coating had been eliminat-
ed.  The proportion of tufa and limestone eboulis in Home-
stead Cave deposits is inversely related (figure 35), with
limestone spall increasing significantly only after tufa ceases
to be an important component of the sediments in each stra-
tum.  Even when tufa and limestone spall are combined,

however, the proportion of total coarse-grained spall to all
sediment is low in the early Homestead Cave deposits, and
the rate of spalling clearly increased through the Holocene.
Since the tufa initially coated the cave walls and roof, this
suggests that the tufa weathered at a slower rate than the
limestone bedrock beneath it.  This is probably due to a num-
ber of factors related to the different internal chemistry and
structure of the tufa and limestone.  Tufa is essentially a
cement (Pedley, 1990; Viles and Goudie, 1990) and lacks the
fractures and bedding planes that characterize the limestone
of the Oquirrh Formation.  As a result, it is less susceptible to
weathering, particularly to freeze/thaw episodes, and most
mechanical weathering occurs along the tufa/limestone inter-
face.  In short, the most likely explanation for the difference
between the earlier and later portions of the Homestead Cave
record is a mechanical one, with the tufa coating of the cave
surface slowing eboulis production during the early portion
of the depositional sequence.

The problem with assigning a strictly climatic interpre-
tation to the Homestead Cave spall sequence is shown clear-
ly by comparing the frequency curves for rockfall in four
Bonneville basin caves of comparable age.  The excavation
techniques and sediment analyses employed at Homestead,
Danger, Hogup and Floating Island Caves are sufficiently
similar that it is possible to compare change in the proportion
of coarse-grained sediments to all other sediments through
time (figure 36).  The ages for basal deposits in these caves
are ~11.5 ka, ~10.5 ka, ~8.5 ka and ~7.5 ka, respectively.  In
the three caves with deposits older than 7.5 ka, patterns of
spall deposition are markedly different.  At Homestead Cave
the proportion of eboulis to other materials gradually increas-
es; at Hogup Cave the proportion of rockfall drops sharply in
the earliest part of the record; and at Danger Cave the pro-
portion of coarse-grained sediments varies markedly in the
10.0 to 7.5 ka period.  Given this site-to-site variation, it is
difficult to derive an acceptable climatic interpretation that
would explain these differences.

After ~7.5 ka, on the other hand, the patterns of spall
production are very similar at all four caves, suggesting some
interdependence in the mechanism(s) responsible for eboulis
at the sites.  The most obvious mechanism is climate, al-
though what particular aspect of climate (precipitation, tem-
perature, storm frequency) may be responsible cannot pre-
sently be discerned.  It is possible that the earlier site-to-site
differences may be explained by different, but temporary,
morphological features (for example, presence/absence of an
extensive tufa coating, length of exposure after the post-
Provo regression) which were only resolved after several
thousands of years of weathering, and that changes in spall-
to-finer sediment ratios are indeed a valid, albeit crude,
proxy for Holocene climates in the Bonneville basin.  If so,
the generalized pattern of spalling shared by the four sites is
instructive.

After 7.5 ka the proportion of eboulis in the deposits at
the four caves drops sharply, and  within 500 to 1000 years
thereafter the proportion of spall to all other sediment types
is at a Holocene low.  From this low point until ~5 ka, the
ratio of eboulis increases rapidly.  From ~5 ka to the present
the long-term trend is toward a gradual increase in eboulis as
a percentage of all sediments, although there is considerable
variation around this trend at all sites.  Differences in exca-
vation strategies at the four sites and in the refinement of
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stratigraphic definitions prevent determination of the validi-
ty of any correlation among these sequences.

NON-EBOULIS DEPOSITS

Organic remains, including bone, fecal pellet fragments,
ostracodes, snails and dispersed organics are the most com-
mon component of the >3.1 mm deposits, but sand-to-gran-
ule-sized fragments of limestone are common as well, mak-
ing up 10-20% by volume of the finer-grained sediments.  In
Stratum I the limestone fragments in the subsample of the
fine sediments are subrounded to angular.  This rounding
indicates that the sand was transported by water (most like-
ly) or wind (less likely).  In the cave, the most likely trans-
port mechanism at this lowest depositional level would have
been waves in Lake Bonneville.  The sediments may have
originated from beach deposits at the mouth of the cave or
from shoreline deposits washed down from the ridge above
the cave opening.  The unit also contains some sand-sized
lumps of what appear to be carbonate mud that may be
reworked lake sediment, and many sand-sized lumps of iron
oxides, which may also have been reworked from lake sedi-
ments.  Small, curved selenite crystals, which probably grew
in the cave deposits, are common.  Together, snails, ostra-
codes, lumps of carbonate mud, oxide lumps and subround-
ed sand make up 40-50% of the finer grained sediments in
Stratum I and are most likely all derived from reworked lake
beds.

Wind-borne deposits are common throughout the depo-
sitional sequence.  Thin stringers of eolian materials, prima-
rily gypsum derived from the playa to the north and west of
the cave, occur within virtually every stratum in the sample
column.  Some eolian deposits, such as Strata Xa, XIIIc, and
XIVb, are 1-2 cm thick and can be traced and mapped
throughout the column profiles.  Others are more discontinu-
ous and appear as small, thin lenses within larger spall/
organic deposits.  These visually recognizable eolian
deposits contain virtually no bone, fecal pellets or eboulis,
and appear to have been deposited during short-duration
windstorms.  Less easily recognized eolian materials most
likely comprise a significant component of the fine-grained

deposits in every stratum, but detailed analyses of geological
samples has not been attempted.

Organic remains constitute a major component of all
stratigraphic units, in some cases comprising 80-90% of a
depositional unit.  These organic materials include plant
macrofossils (primarily hackberry seed endocarps in the low-
est stratigraphic units and twigs in the uppermost units),
whole and broken rodent and artiodactyl fecal pellets, and
small mammal, bird and reptile bones.  Less recognizable,
more dispersed organic remains form a matrix in the lower
stratigraphic units in which the other depositional materials
such as spall and bone are held.  Much of this is probably de-
rived from the disintegration of compacted blocks of raptor
fecal/pellet cones which have been displaced downslope from
below raptor roosts in the back of the cave.  In the upper,
drier deposits, where these blocks remain intact, they com-
prise as much as half of each stratum by volume (figure 37).

STRONTIUM RATIOS AND THE ORIGIN OF
EARLY HOMESTEAD CAVE BIOTA

(by Jay Quade)

The 87Sr/86Sr ratio of carbonates and phosphates from in
and around Homestead Cave provide some important clues
to their origin.  The Sr-bearing phases analyzed in this study
include: (1) tufa from the Provo shoreline above the cave
entrance, (1) fish vertebrae from Stratum I, the basal strati-
graphic unit in the cave, and (3) fossil mollusks from
throughout the stratigraphic column. 

Stratum I contains abundant fossil fish remains, as de-
scribed in chapter nine.  Vertebrae from Stratum I were
examined representing Catostomus, Oncorhynchus, and Gila
atraria.  Analysis from single vertebrae was possible because
of the high Sr concentrations.  The 87Sr/86Sr ratios on the six
analyzed vertebrae fall in a narrow 0.71256 - 0.71285 range
(table IX; figure 38).  These ratios are markedly higher than
any we obtained on Provo-level tufas, including a result of
0.71174 on the Provo-level tufa above the cave entrance.
87Sr/86Sr ratios on mollusks from all stratigraphic levels
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range from 0.71174 - 0.71191, ratios markedly lower
than those on fish, but in line with the range of ratios
displayed by Provo-level tufas (figure 38).

The 87Sr/86Sr ratios of the fish vertebrae are
unusual in not matching the ratios for any known
lake in the basin, modern or ancient.  The 87Sr/86Sr
ratios from the Gilbert shoreline tufas at 0.71194-
0.71203 provide the closest match, although the
ratios are measurably lower than for the fish.  Prob-
able variation in the 87Sr/86Sr ratio of the Gilbert-
level lake needs more characterization, but a low-
elevation lake near the Gilbert shoreline is the best
candidate for the origin of the Homestead fish in
Stratum I.  This hypothetical lake would have had a
87Sr/86Sr ratio (0.7127) lying on a mixing line be-
tween the modern Great Salt Lake (0.7174) and the

Provo-level lake (0.7114 - 0.7119). Since only the latest gla-
cial stages of the lake display the high 87Sr/86Sr ratios, I
therefore conclude that the fish from Stratum I lived in a low-
elevation lake most similar to Lake Gilbert, which implies
that the lake had sufficiently low salinity to allow such fish
to survive.  If the 14C dates on lower Stratum I represent the
ages of the fish remains, as they probably do, then it is pos-
sible to conclude that a non-saline, low-elevation lake was
present within the foraging radius (<5 km; see chapter two)
of the Homestead raptors at or shortly before 11.2 - 11.3 ka. 

The 87Sr/86Sr ratios of fossil mollusks from Homestead
Cave overlap the range of ratios displayed by the Provo-level
lake, but are lower than the ratios of Lake Gilbert (0.7120),
modern Great Salt Lake (0.7167 - 0.7178), and the brines of
the Great Salt Lake Desert (0.7125 - 0.7139) (Jones and
Faure, 1972).  The most plausible explanation is that the mol-
lusks were once a part of the tufa coating the ceiling and were
gradually spalled into the cave deposits.  Tufa once encrust-
ed much of the cave ceiling, and spalled tufa is common in
the Homestead deposits.  It would have had a 87Sr/86Sr ratio
similar to that of the Provo-level tufas.  Mollusks are com-
monly associated with (often encrusted by) some tufas in
shoreline deposits.  Moreover, all the analyzed specimens
were coated by creamy, secondary carbonate.  The carbonate
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Figure 37. View of organic pellet
block from Stratum XVII in the
Homestead Cave sample column.

Table IX
Summary of Sr isotopic analyses at Homestead Cave

Sample # Stratum Material 87Sr/86Sr
Homestead fishA I (F22) fish vertebrae 0.712775
Homestead fishB I (F22) fish vertebrae 0.712638
Homestead fishC I (F22) fish vertebrae 0.712564
Homestead fishD I (F10/13) fish Catostomus 0.712685
Homestead fishE I (F10/13) fish Oncorhynchus 0.712852
Homestead fishF I (F10/13) fish Gila atraria 0.712469
Amnicola I (F22) shell 0.711740
F30 Lymnaid XII (F30) shell 0.711820
F6 FS 33 XVII (F6) shell 0.711747
F17FS62 II (F17) shell 0.711918
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Figure 38. Change in the 87Sr/86Sr ratio of lake waters with change in
lake elevation in the northern (Great Salt Lake) basin.  The 87Sr/86Sr
ratio of fossil aquatic shell (shaded) from the cave overlaps that of the
integrated lake, implying that the shell came from a lake filled to well
above the Gilbert shoreline level.  In contrast, the 87Sr/86Sr ratio of fos-
sil fish from Homestead Stratum I falls on a mixing line between a high
lake and modern Great Salt Lake.  This shows that the fish probably
came from a low-elevation, possibly sub-Gilbert shoreline lake.



may be a tufa coating acquired in the cave, or in a beach
deposit above the cave, with subsequent reworking into the
cave deposits.  All this evidence strongly implies that the
analyzed mollusks are older than the deposits themselves, an
observation that may extend to some of the carbonate-
encrusted ostracodes also found in the cave (see Hunt, chap-
ter five).

This explanation is consistent with the scattered pres-

ence of mollusks in most of the stratigraphic column but
inconsistent with their marked abundance in Stratum I.  I
analyzed only one valve from Stratum I and more analyses
from this horizon are warranted.  If the mollusks are con-
temporary with the stratum, as their numbers would seem to
imply they are, then high (>0.7120) 87Sr/86Sr ratios consis-
tent with the ratios from Stratum I fish should be obtained
from them.

46 Utah Geological Survey



PLANT REMAINS

Scattered among the masses of animal bones, fecal pel-
lets and other faunal remains preserved in the sediments of
Homestead Cave was a somewhat smaller number of identi-
fiable plant fragments.  These plant materials are distributed
throughout the cave strata in two basic patterns, reflecting
preservation within the cave environment.  Hackberry endo-
carps (Celtis reticulata) are found in great quantities in low-
er strata of the cave.  These bony endocarps (the hard coat-
ing that surrounds the seed) are composed of aragonite and
opal (Wang and others, 1997), and they survived millennia of
potential decay through oxidation, moisture and exposure,
just as the millions of animal bones had done.  Hackberry
endocarps are dated mainly to the early Holocene strata with-
in the site.  The second pattern of distribution is exhibited by
all other plant macrofossils, mostly bits of wood and twigs,
which are far more susceptible to decomposition and degra-
dation through time.  These materials were recovered from
the uppermost strata of the cave and are comparatively recent
in age.

Hackberry 

Hackberry (Celtis reticulata) is a large bush or small
tree, bearing thin-fleshed drupes containing a single bony
nutlet.  It is not known to occur in the vicinity of Homestead
Cave today (Workman and others, 1992), but is reported
from the Lakeside Mountains (Albee and others, 1988) and
is common in the nearby Stansbury, Oquirrh and Promon-
tory Mountains.  It will grow at low elevations in relative-
ly mesic settings and appears to prefer rock outcrops, pos-
sibly for greater access to reliable sources of water trapped
in and around fractures (DeBolt and McCune, 1995).

Abundant hackberry endocarps were recovered from
6.3 mm and 3.1 mm sediment fractions in the lower strata
of Homestead Cave (table X).  Hackberry endocarps,
whole and fragmentary, could be retrieved from most sedi-
ment fractions.  In some strata, however, the number of
hackberry endocarps and endocarp fragments encountered
per unit volume of sediment was so great, and the endo-
carps were commonly so small, that manually sorting the
entire stratum was simply not feasible.  Flotation experi-
ments were attempted, but these also failed because the
specific gravity of endocarps is very similar to bone and
not very different from sand and gravel, thus, they were not
easily separated.  For these strata, estimates of the total
number of hackberry remains were made by manually sort-
ing a small sample of the sediment fraction, determining
the number of remains per unit weight of sediment, and
then multiplying by the total weight of sediment to get an
estimated count for the sediment fraction.

Figure 39 depicts the abundance of hackberry endocarps
and endocarp fragments per unit volume of each stratum.
The inset graph shows the distribution on a linear scale
which illustrates the overwhelming abundance of hackberry
endocarps found in Strata II-V, and the paucity of remains
found through the rest of the stratigraphic column.  The hun-
dreds of thousands of endocarps present in Strata II-V com-
prise a sort of ‘hackberry hash’ in which the calcareous endo-
carps are a dominant part of the depositional matrix.  By
comparison, the scattered occurrences of hackberry endo-
carps found in Stratum VI and upwards are but trace quanti-
ties.  To better reveal the distribution of hackberry remains in
these other strata, the main graph shows the distribution of
endocarps on a logarithmic (base 10) scale; units on the
abscissa reflect orders of magnitude of change. 

How these hackberry remnants were brought into
Homestead Cave is a matter of some question.  Several
taphonomic vectors are probably responsible; those responsi-
ble for the bulk of the endocarps in Strata II-V are probably
not the same as the vectors that deposited the scattered endo-
carps in higher strata.  The sheer bulk of the hackberry
deposits in Strata II-IV suggests a local source.  The likeliest
agents for deposition of the endocarps in Strata II-V are
rodents, such as Neotoma, that collected the berries from
bushes growing on rock outcrops surrounding the cave site.
Hackberry fruits are a valuable food source for a variety of
birds and mammals, including woodrats (Martin and others,

CHAPTER FIVE

Homestead Cave Flora and Non-Vertebrate Fauna
by

Jeffrey M. Hunt, David Rhode, and David B. Madsen

Table X
Hackberry nutlet counts by stratum, Homestead Cave

Stratum XVIII —
Stratum XVII 7 whole
Stratum XV 2 whole, 17 fragments
Stratum XV 6 whole, 1 fragment
Stratum XIV —
Stratum XIII 2 whole
Stratum XII 1 fragment
Stratum XI 3 whole
Stratum X —
Stratum IX 2 whole, 7 fragments
Stratum VIII 28 whole, 31 fragments
Stratum VII 5 whole, 22 fragments
Stratum VI *EST 1800 whole, 650 fragments
Stratum V EST 2300 whole, 1900 fragments
Stratum IV EST 45,000 whole, 244,000 fragments 
Stratum III EST 26,000 whole, 62,000 fragments
Stratum II EST 14,000 whole, 67,000 fragments
Stratum Ib 134 whole, 509 fragments
Stratum Ia 16 whole, 118 fragments

*EST = estimated



1951); hackberry endocarps are abundant in a woodrat mid-
den located near Homestead Cave, dating to approximately
8100 - 6700 yr B.P. (see chapter twelve; Wang and others,
1997).  Neotoma bones derived from Homestead Knoll area
are common throughout the early strata and especially abun-
dant in Stratum IV (see chapter seven).  However, the abun-
dance of woodrat fecal pellets (which may be a measure of
woodrat nesting frequency within the cave itself) declines
substantially after Stratum I, to negligible amounts by Stra-
tum III (table XIII).  Woodrats were apparently extirpated
from the cave, but not from the surrounding area,  after the
deposition of Stratum III (see below, this chapter).  If
Neotoma was responsible for bringing in the fruits, one
might expect much greater evidence that it lived in the cave
while the vast bulk of the endocarps were deposited.  It is
noted, however, that 3.1 mm screened sediment from Stra-
tum III, containing enormous quantities of hackberry endo-
carps, also contained numerous Neotoma fecal pellets.

A second likely depositional vector is birds (or small
mammals) that fed on the berries, in turn were eaten by rap-
tors, and then both bones and bony endocarps were deposit-
ed in the raptors’ ejecta.  Livingston (chapter eight) proposes
an avian “berry guild,” including waxwings, robins, flickers
and other woodpeckers, finches and other passerines, with “a
marked taste for berries,” that reflects the presence of ripari-
an areas and thickets in the vicinity of Homestead Cave.  She
notes that “it is entirely possible that at least some of the
numerous hackberry seeds in the Homestead Cave matrix
were introduced as part of the [raptor] cast pellets containing
the bones of these birds.”  However, Livingston reports that
“berry guild” bird remains appear to be most abundant after
the deposition of the ‘hackberry hash’ in Strata II-IV, and
“continue to be well represented throughout the stratigraphic

column [above Stratum VI].”  While deposition of endocarps
associated with remains of ‘berry-guild’ birds in raptor pel-
lets seems likely to account for scattered occurrences of
hackberry endocarps in the upper strata, such deposition
seems much less likely to account for the vast bulk of the
endocarp remains in Strata II-IV.

A third potential taphonomic vector is coyote or fox,
both of which eat the fruit and which aid in dispersal of the
shrub (Welsh and others, 1987, p. 612).  Casual observation
of the hackberry remains revealed little evidence either of
digestion or of being enclosed in castings or feces, but more
detailed and systematic analysis is necessary to assess these
possibilities.  It should be noted that if raptors or canids were
responsible for significant hackberry deposition, then the
endocarps may not necessarily reflect the existence of hack-
berry plants growing in the immediate vicinity of the cave
site (in contrast to the local collecting habits of Neotoma and
other small rodents).  Instead, hackberry could have grown in
other environments within the much larger region encom-
passed by the foraging ranges of owls roosting in the cave
(see chapter two). 

By whatever means the endocarps arrived in the cave, it
is clear that they were deposited in greatest abundance in
Strata II-IV (~9-~8 ka), declined to much lower levels from
Strata VI-VIII (~8-~6 ka), declined to negligible amounts in
Strata IX-XIV (~6-~2 ka), possibly slightly increased in
abundance in Strata XV-XVII (~1.2 ka), and dropped back to
nothing by XVIII, the latest stratum.  The great abundance of
hackberry in the lower strata of the Homestead record prob-
ably indicates that the shrub grew in the immediate vicinity
of Homestead Cave, reflecting increased effective moisture
in the area prior to 8 ka.  This increased moisture could have
been a function of higher local water tables during the early
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Figure 39. Distribution of hackberry endocarps in strata from Homestead Cave.  Note that main graph is logarithmic scale, inset is graphed on lin-
ear scale.
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Holocene or a function of cooler and moister climatic condi-
tions than at present.  The substantial decline in endocarp
abundance after 8 ka documents a shift to a climate with sig-
nificantly less effective moisture.  The subsequent continuing
drop to negligible quantities by ~6 ka probably reflects local
extirpation of hackberry, resulting from increased drought
and/or a decline of the available local water table.  The few
hackberry endocarps found in the strata younger than 6 ka
could reflect small populations persisting in favorable habi-
tats in the Lakeside Mountains, but they could also reflect
stratigraphic disturbance and transport of a few nutlets
through the stratigraphic column by burrowing animals.
Radiocarbon dating of endocarps from the upper strata would
answer this question.  If the former is true, the slight increase
in nutlet abundance around 1.2 ka might signal a period of
greater effective moisture.  If so, that period was short-lived,
as the number of endocarps diminished in later strata and
hackberry does not occur in the vicinity of Homestead Cave
today.

Certain elements of the small mammal record from
Homestead Cave are generally consistent with the foregoing
account (see chapter seven), though there are differences as
well.  Ratios of abundance of kangaroo rats (Dipodomys)
show a relative increase in the more xeric-adapted D. mic-
rops over D. ordii beginning in Stratum II and accelerating in
Stratum IV to reach a peak by Stratum VII.  Ratios of abun-
dance of species of pocket mice (Peromyscus parvus and P.
longimembris) and woodrats (Neotoma cinerea and N. lepi-
da) show very similar patterns.  By comparison, hackberry
abundance also increases beginning in Stratum II, but re-
mains extremely abundant through Stratum IV, after which it
declines.  In Stratum XVII, both upland species of pocket
mouse (P. parvus) and woodrat (N. cinerea) reappear in the
faunal record after long absences.  This is intriguingly close
in time to the slight increase in hackberry endocarp abun-
dance in late Holocene strata (XV-XVI), again indicating a
period of increased effective moisture and perhaps local
reestablishment of populations of these animals as well as
hackberry ~1.2 ka.

Recent studies (see Jahren, 1996) suggest that ratios of
stable isotopes of hydrogen and oxygen in hackberry endo-
carps can provide a paleotemperature signal and might dis-
tinguish between use of ground water and seasonal precipita-
tion.  In particular, Jahren has reported on the success of
using 18O ratios in endocarps to estimate average maximum
growing-season temperatures.  Preliminary results from
Homestead Cave (Jahren, 1998, personal communication)
suggest long-term secular variation in growing-season tem-
perature (that is, between-strata variation), as well as signif-
icant variation within, on shorter time scales (that is, within-
strata variation).  Further analysis of hackberry endocarps
from Homestead Cave may yield a more direct climate proxy
than is presently available.

Other Plant Materials 

In contrast to the abundant, well-preserved hackberry
endocarps, other plant materials are limited in quantity and
identifiability.  Table XI provides a list of plant materials
identified to genus or species by stratum.  Identification pro-
ceeded by comparison with modern reference specimens of
wood, leaves and seeds, with the aid of a 10-70X reflected

light dissecting microscope.
Several features are of interest.  First, the distribution of

identifiable plant materials is strongly constrained by factors
of preservation: identifiable wood, twigs and other items are
found only in the upper strata (XII-XVIII), roughly the last
3500 14C yr of deposition within the cave.  Fragments of
wood and twigs occurred in lower strata, but these were typ-
ically in very poor condition and were not identifiable by the
technique described above.  Second, the bulk of the materi-
als found within the upper strata are entirely consistent with
vegetation growing in the vicinity of the cave site today,
including sagebrush (Artemisia sp.), shadscale (Atriplex con-
fertifolia), greasewood (Sarcobatus vermiculatus), hopsage
(Grayia spinosa), horsebrush (Tetradymia sp.), currant (Ribes
sp.) and wild rye (Elymus cinereus).  It appears that modern
vegetation communities were largely in place by at least 3.5
ka.  Two significant taxa do not appear to be represented in
the wood or leaf fragments: hackberry (suggesting that it was
not growing locally at this time) and ephedra (Ephedra sp.),
which may have expanded into the area during the late
Holocene (see chapter twelve). 

A third feature of interest is the presence of some
remains attributable to plants not found in the vicinity today.
A chokecherry (Prunus sp.) pit was found in Stratum III, in
association with abundant hackberry endocarps.  Livingston
(chapter eight) notes that the abundance of bones of wood-
peckers and passerine birds suggests riparian woods and
thickets in the vicinity of Homestead Cave.  This chokecher-
ry pit is also consistent with greater amounts of mesophilic,
fruit-bearing bushes and trees in the area.  The lack of any
other such seeds higher up in the stratigraphic column is not
consistent with the suggestion that patchy riparian wood-
lands and thickets persisted in the area after the early Holo-
cene. 

A single needle from the mesic, high-montane conifer
white fir (Abies concolor), found in Stratum IX, is decidedly
anomalous, but the same stratum also contains pine wood
and charcoal, including a large branch fragment identified as
pine (see figure 32).  These items were probably brought into
the cave site by humans, either from distant mountains or,
more likely, from a driftwood source on the shores of Great
Salt Lake near Homestead Cave.  Seeds of the Utah juniper
(Juniperus osteosperma) appear in small quantities in two of
the latest strata (XV and XVII), probably reflecting the
expansion of Utah juniper into the Lakeside Mountains dur-
ing the late Holocene.  An occurrence of pinyon pine (Pinus
monophylla) in Stratum XVII (two seed fragments) is also
anomalous, the nearest pinyon pine presently growing over
80-100 km away, in the Stansbury, Oquirrh and Pilot moun-
tains.  Possibly the pinyon expanded into the Lakeside
Mountains during the slightly more mesic late Holocene in-
terval represented by Stratum XVII, but more likely the seed
was brought in via long distance transport, again most likely
by humans.

OSTRACODES

Ostracodes have been identified in samples from Strata
Ia and Ib where they are most common.  Above Stratum I,
ostracodes appear rarely in five-liter subsamples of the fine-
grained deposits (>3.1 mm) collected from the strata and
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Table XI
Plant remains identified to genus from Homestead Cave strata

Stratum XVIII: Artemisia sect. tridentatae wood
Atriplex sp. wood
Sarcobatus vermiculatus wood
Ribes sp. leaf fragments
Atriplex confertifolia leaf
Grayia spinosa 2 fruits
Elymus cinereus 2 seeds

Stratum XVII: Artemisia sect. tridentatae wood
Atriplex sp. wood
Sarcobatus vermiculatus wood
Ribes sp. wood, leaf fragments
Tetradymia glabrata twigs
Tetradymia spinosa twigs
Pinus cf. monophylla 1 seed
Grayia spinosa 2 fruits
Lomatium sp. 1 seed
Elymus cf. cinereus 2 seeds
Bromus sp. 1 spikelet
cf. Allium sp. bulb sheath

Stratum XVI: Artemisia sect. tridentatae wood
Atriplex sp. wood
Sarcobatus vermiculatus wood
Ribes sp. wood, leaf fragments
Tetradymia glabrata twigs
Tetradymia spinosa twigs
Oenothera caespitosa fruits
Grayia spinosa 2 fruits
Lomatium sp. 1 seed

Stratum XV: Artemisia sect. tridentatae wood, charcoal
Atriplex sp. wood, charcoal
Ribes sp. wood, leaf fragments
Sarcobatus vermiculatus wood
Tetradymia spinosa twigs
Chrysothamnus sp. flowers
Oenothera caespitosa fruits
Grayia spinosa fruit
Lomatium sp. 1 seed
Juniperus osteosperma 2 seeds

Stratum XIV: Artemisia sect. tridentatae bark, wood
Artemisia tridentata leaves
Ribes sp. leaf fragments
Sarcobatus vermiculatus wood
Tetradymia spinosa twigs
Atriplex sp. twigs
Grayia spinosa fruits
Elymus cf. cinereus 1 seed
cf. Sitanion hystrix flowering parts

Stratum XIII: Artemisia sect. tridentatae bark, wood, charcoal
Artemisia tridentata leaves
Ribes sp. leaf fragments
Tetradymia sp. twig

Stratum XII: Artemisia sect. tridentatae bark, wood
Sarcobatus vermiculatus twig
Ribes sp. leaf fragments

Stratum XI: Artemisia sect. tridentatae wood
Pinus sp. wood

Stratum X: Artemisia sect. tridentatae charcoal, wood
Atriplex sp. wood

Stratum IX: Artemisia sect. tridentatae bark
Pinus sp. charcoal
Abies cf. concolor 1 needle



appear either to be redeposited by wind action or to be part
of limited colluviation of fine-grained materials from the
ridge above the cave.  Many of the specimens in these sam-
ples, particularly those from Stratum Ib and above, are heav-
ily coated with carbonate.  In other samples from the Bon-
neville basin, this sort of carbonate coating occurs in sedi-
ments just above the Bonneville flood markers or in cores
associated with the complete collapse of the lake.  In the lat-
ter case, these are normally associated with numerous limno-
cytherids and brine shrimp pellets/eggs which do not occur in
the Homestead Cave samples.  In addition, two candonid
species that are most common after the Bonneville flood and
during the evaporative collapse of the lake are not found in
the samples from the cave.

In Stratum Ia, the lowest depositional unit at the site, the
primary ostracode taxon is Candona adunca, a species that is
relatively well known from the Bonneville lake cycle.  In
cores from the lake, C. adunca enters the transgressing Lake
Bonneville ~19 ka and dies out as the lake is evaporatively
regressing from the Provo shoreline (Thompson and others,
1990).  However, other taxa common to the C. adunca eco-
zone in deep-water Bonneville sediments are rare in the sam-
ples from Stratum Ia.  In particular, the limnocytherids com-
mon to the sequence are less common in these samples than
they are in the cores from the lake.  Based on other informa-
tion from the Bonneville basin, the ostracode assemblage in
Stratum Ia most closely resembles that from a lake dating to
~14 ka or later.  These may well be related to the redeposit-
ed water-laid sands in this lowest stratigraphic unit; if so,
they suggest that these lake sediments are also redeposited
from shoreline deposits higher up on Homestead Knoll rather
than from beach sediments deposited directly in the mouth of
Homestead Cave.

In addition to C. adunca, the ostracode Cytherissa lacus-
tris also occurs in the samples from Stratum Ib.  Other taxa
are also present including taxa found in the marshes and wet-
lands surrounding the lake today and in the past.  Many of
these specimens look like others recovered from the diges-
tive tracts of fish and it seems possible that many of these
may have been introduced to the cave deposits inside of fish
brought into the cave by scavengers and raptors.  Stratum Ib
may thus contain both redeposited materials from higher
beaches and material deposited by biological vectors from a
lower elevation lake.

GASTROPODS

Identifiable shells of 390 freshwater gastropods, three

land snails, and three bivalve mollusk shell fragments were
recovered from the sample column.  The snails are primarily
of the families Lymnaeidae and Hydrobiidae, with lesser
numbers of the families Helicidae, Physidae, Planorbidae
and Valvatidae; the bivalve is probably Anodonta (table XII).
Gastropods of all these taxa are known to occur in fluvial and
lacustrine deposits of the Bonneville basin, many of them
dating to the late Pliocene/early Pleistocene (Chamberlin and
Jones, 1929; Eardley and Gvosdetsky, 1960; Roscoe, 1961,
1963; Taylor and Bright, 1987; Oviatt, 1989).  These have
been noted in the shoreline deposits of Lake Bonneville from
the time of the early scientific expeditions in the Great Basin,
beginning with Henry Engelmann in 1859.  Specimens col-
lected by G.K. Gilbert and R. Ellsworth Call were identified
and first published by Call (1884), and later by Gilbert (1890,
p. 209, 297).  Gastropods occur throughout the column but
are overwhelmingly concentrated in Stratum I (figure 40).

Shells of the family Lymnaeidae are the most abundant
taxa in the deposits (n= 226 plus a large number of frag-
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Lomatium sp. 1 seed
Elymus sp. 1 seed
Bromus cf. tectorum 3 spikelets (modern)

Stratum VIII: Artemisia sect. tridentatae bark, charcoal
Bromus cf. tectorum 3 seeds (modern)
Bromus sp. 1 seed (modern)

Stratum VII: Bromus rubens 5 spikelets (modern)
Stratum VI: Artemisia sect. tridentatae charcoal, wood
Stratum III: Prunus sp. 1 seed 

Atriplex sp. 1 piece bark
Stratum II: Atriplex/Sarcobatus 1 twig
Stratum Ib: cf. Tetradymia sp. 1 twig

Juniperus osteosperma 2 seeds

Table XI (continued)

Table XII 
Mollusks from Homestead Cave

Genera Habitat
LYMNAEIDAE

Fossaria sp. (n=11) Ponds, mud flats
Stagnicola bonnevillensis (n=226) Lakes, rivers

PLANORBIDAE
Carnifex (n=3) Ponds
Helisoma (n=3) Silty substrates, ponds
Gyraulus (n=1) Lakes, streams, springs
Planorbid sp. (n=1) Ponds

HYDROBIIDAE
Pyrgulopsis (Amnicola) (n=137) Springs, streams
Fluminicola (n=2) Streams

PHYSIDAE
Physa (n=1) Streams, ponds, wetlands

VALVATIDAE
Valvata (n=2) Ponds, streams, springs

HELICIDAE
Vallonia (n=3) Land, damp locales

ANODONTIDAE
Anodonta (fragments) Rocky/sandy substrates, 

rivers, lakes, springs



ments). Lymnaeids are pulmonates, gill-breathing snails that
feed on algae, epiphytons and decaying vegetation in gener-
ally shallow waters (McMahon, 1983).  Lymnaeids are com-
monly associated with various forms of emergent vegetation
such as bladderwort (Utricularia), duckweed (Lemna sp.)
and bulrush (Scirpus sp.) (Collias and Collias, 1963).  Iden-
tified lymnaeid taxa include the genus Fossaria, and a large
number of Stagnicola bonnevillensis Call.  The latter species
had a generalized distribution throughout the Bonneville
basin, becoming extinct sometime after 13 ka (but see
Clarke, 1991).  Taylor and Bright (1987) considered it a lake,
and possibly a large river species, based on the geological
contexts in which it has been found on Lake Bonneville
shorelines and its near relation to species found to the north
and northeast along the Snake River drainage.  Fossaria is
known to inhabit ponds and mud flats.

Three taxa of the family Planorbidae, Helisoma,
Gyraulus and Carnifex, were found in small numbers. All are
detritivores burrowing into silty substrates of quiet to stag-
nant freshwater (McMahon, 1983).  When mature they live
on and burrow into silty substrates (Harman, 1972).  Among
the Prosobranch snails, Hydrobiidae were the second most
common specimens in the sample column.  These include
Amnicola (=Pyrgulopsis) (n=137) and Fluminicola (n=2).
Chamberlin and Jones (1929) recorded Amnicola at Utah
Lake, but Taylor and Bright (1987) suggest that it is now
extinct in the Great Basin.  Shells of this genus closely
resemble those of the genus Pyrgulopsis, and the Amnicolids
of earlier studies (see Chamberlin and Jones, 1929) may be
Pyrgulopsis based on present forms.  Pyrgulopsis is known to
inhabit springs and flowing water, while Fluminicola is
described as living on rocks in swift streams.  A single spec-
imen of the lake and pond snail taxon Physa was recovered.
Three specimens of Vallonia, family Helicidae, were also
recovered.  These terrestrial snails frequent moist areas
beneath rocks and rotting vegetation.

The relatively limited molluscan fauna recovered from
the sample column is a mixture of both nearshore/fluvial/ ter-
restrial and deep-water fauna.  This can best be explained by
the geography of the Bonneville basin and the location of
Homestead Knoll in the basin.  During the final deep lake
cycle in the eastern Great Basin, the waters of Lake Bon-
neville did not create a unified faunal system throughout its
extent (Taylor and Bright, 1987), possibly due to the rela-
tively short life of the lake and the continually changing

shoreline conditions as the lake level rapidly rose and fell.
Nor was it particularly favorable for nearshore aquatic fauna.
Hovingh (1993) suggests that since most of the shorelines of
Lake Bonneville were quite steep, they were subjected to
direct impact of wave action and did not provide favorable
habitat for most nearshore aquatic fauna; it not only forced
them to higher elevations out of the harsh lake waters and
into streams and springs, but also restricted their geographic
spread throughout the lake.  These physical conditions gov-
erning the lake likely account in large part for the restricted
taxa in the sample.  Homestead Knoll, located near the cen-
ter of the lake basin far from the more varied habitats offered
by mainland marshes and rivers, was alternately a peninsula
and island and for a period may have been completely sub-
merged.  These conditions would not have favored develop-
ment of a diverse fauna.  Passive dispersal by floating or
attachment to birds (see Roscoe, 1955), though less likely,
cannot be ruled out as factors affecting the nature of the sam-
ple.

Strontium analysis (see Quade, chapter four, table IX)
suggests that the lymneaids originate from the period of deep
lake conditions when the northern and southern arms of the
lake were connected.  This could have been anytime follow-
ing the Stansbury level, approximately 20 ka, when trans-
gressing lake waters first reached the level of the cave, down
to the time of the post-Provo regression.  This is also reflect-
ed by the predominant taxa in the sample, lymnaeids and
hydrobiids.  These have been associated predominantly with
the deep-water phase of the lake that prevailed since the
Stansbury level (Oviatt and others, 1990).  Deposition of the
shells in the cave seems to have occurred in two ways.  A
comparison of the numbers of shells with the volume of tufa
per stratum (see figure 35) suggests that many shells could
have been incorporated within the precipitating carbonate
that coated the walls of the cave.  A few shells are heavily
coated with carbonate, ranging from a smooth veneer on both
interior and exterior, to heavy encrustation that obscured the
fine details of the shell; a few are embedded within small
pieces of tufa spall.  But this is not the case with the majori-
ty of shells, and most of the specimens in the sample column
likely originated in older shoreline deposits at and above the
level of the cave. 

FECAL PELLETS

Dried fecal remains are common throughout the Home-
stead Cave deposits.  The presence of feces is a proxy indi-
cation of the animal itself, but it also offers potential infor-
mation on the animal’s immediate diet, health and physiolo-
gy, and changing habitat conditions in the area in which it
lives.  Most work concerning fecal analysis of non-humans
has been conducted for wildlife management of modern
game populations.  Fecal pellets of animals living in cave
sites have not been widely studied for paleoecological pur-
poses, although there are a number of studies of dung from
Pleistocene megafauna such as mammoths (Mead, Agen-
broad, and others, 1986), ground sloth (Martin and others,
1961; Hansen, 1980) and Harrington’s goat (Mead, O’Rourke,
and Foppe 1986).  Studies of carnivore and raptor pellets for
taphonomic purposes are common (see Andrews, 1990;
Schmitt and Juell, 1994; Stiner, 1995).  Fecal pellets recov-
ered from the sample column at Homestead Cave consist pri-
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Figure 40. Distribution of snails in Homestead Cave.  Only minimal
numbers (<0.1/liter) occur above Stratum Ib.



marily of modern artiodactyl and woodrat (Neotoma sp.) pel-
lets, with smaller numbers of lagomorph, and possible micro-
tine rodent and carnivore dung boli.  Quantities of avian
feces were also recovered, in addition to substantial numbers
of raptor pellets. 

Here we review the fecal pellet record recovered from
the sample column and provide a discussion of the analysis.
Because of the nature of the depositional record at Home-
stead Cave, skeletal remains of small rodents, birds and rep-
tiles are abundant in the deposits of the sample column, but
larger mammals (like ungulates and carnivores) are, with the
exception of a few teeth, essentially absent.  The fecal pellets
of these larger animals represent the only record of their
activity in the area through time, and pellets of smaller ani-
mals are valuable as a potential means of differentiation to
species level based on pellet size and morphology.  In the
case of Neotoma, the bone record from the cave deposits is
very good and can serve as a check on the identification of
pellets.  Despite their great age and generally friable condi-
tion, the pellets still preserve the morphological features of
fresh remains remarkably well.  Decomposition of feces
begins in the intestinal tract of the animal, through both
digestive processes and the activity of microorganisms that
are ingested with the plant food (Lodha, 1974).  The process
continues following deposition owing, in part, to the mois-
ture retained within the fecal mass.  The generally good
preservation of pellets, particularly in the upper strata, is
likely due to the arid conditions within the cave and possibly
to rapid burial which terminated decomposition at an early
stage.  Degradation by coprophagous insects appears to be
minimal. 

All fecal pellets discussed in this analysis were taken
from 12.6 mm and 6.3 mm screened material and separated
into broad categories such as ungulates, rodents, lagmorphs
(virtually all pellets in the 3.1 mm and residual categories are
broken and too fragmented for useful analyses).  Subsequent
separations were made based on size, color, weight and pres-

ence of gross vegetation.  The dimensions of pellets were
recorded, especially diameter, as this is considered more
diagnostic of animal size (Halfpenny, 1986).  Samples from
Strata Ia and Ib were screened through 600 micron mesh
screens in an effort to pick out smaller faunal remains.  Use
of this finer-gauge screen for these samples may have
increased the number of broken and partial pellets.  The pel-
lets were either in a dry state when the strata were excavated
or dried prior to the processing of bulk samples in the labor-
atory.  There is considerable variation in the number of pel-
lets from one stratigraphic unit to another, and we have
attempted to assess whether this variation represents a
change in deposition/preservation or only differences in
thickness of the strata by standardizing raw counts into num-
bers of pellets per unit volume (table XIII).

Various characteristics of animal feces have been used
by other investigators for identification of both the animal
and the diet of the animal at the time of defecation, including
gross size and morphology, pellet contents, pH and other bio-
genically produced chemical features.  Most studies of feces
in game animals have attempted to quantify behavioral
aspects useful in wildlife management, in particular popula-
tion, habitat use and diet (Putman, 1984).  The use of fecal
pellet size and morphology to identify the producing animal
has a long tradition and is generally considered sufficient for
tracking animals via fresh scat (see Murie, 1974; Halfpenny,
1986).  Broad features such as size and presence of vegeta-
tion or animal tissue distinguish carnivores, herbivores and
rodents.  Within these broad classes, many animals produce
feces that closely resemble one another and which can over-
lap in size.  This is particularly the case with species of
Neotoma and with ungulate taxa.  Within these taxa, pellet
size is determined primarily by diameter, which is limited by
the size of the anus (Halfpenny, 1986, p. 142).  Length is a
more variable element.  Nevertheless, diet, season and ani-
mal size are important variables and studies have shown that
identifications based on visual characteristics alone will be in
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Table XIII
Total number of fecal pellets and number of pellets/liter in the Homestead Cave sample column

Strata Artiodactyl Neotoma Lagomorph Microtine Carnivore

XVIII 61(2.4/L) 43(1.7/L) 53(2.1/L) 4(0.2/L) 0
XVII 4300(14.8/L) 230(0.8/L) 860(3.0/L) 219(0.8/L) 1
XVI 935(16.4/L) 131(2.3/L) 206(3.6/L) 60(1.1/L) 2
XV 2500(8.7/L) 352(1.2/L) 235(0.8/L) 97(0.3/L) 0
XIV 500(3.2/L) 74(0.5/L) 53(0.3/L) 16(0.1/L) 2
XIII 7300(23.9/L) 110(0.4/L) 17(0.1/L) 12(——   ) 1
XII 2450(13.6/L) 8(——   ) 0(——   ) 13(0.1/L) 0
XI 140(1.2/L) 0(——   ) 0(——   ) 0(——   ) 0
X 657(14.9/L) 0(——   ) 0(——   ) 1(——   ) 0
IX 450(3.8/L) 0(——   ) 0(——   ) 3(——   ) 0
VIII 78(1.0/L) 0(——   ) 0(——   ) 0(——   ) 0
VII 542(8.7/L) 0(——   ) 0(——   ) 0(——   ) 0
VI 737(3.4/L) 0(——   ) 0(——   ) 0(——   ) 0
V 175(3.9/L) 2(——   ) 0(——   ) 0(——   ) 0
IV 117(0.6/L) 1(——   ) 0(——   ) 4(——   ) 0
III 21(0.2/L) 19(0.2/L) 0(——   ) 3(——   ) 0
II 50(0.3/L) 420(2.4/L) 0(——   ) 4(——   ) 0
Ib 9(0.9/L) 6018(601/L) 0(——   ) 0(——   ) 0
Ia 23(1.2/L) 3730(196/L) 0(——   ) 0(——   ) 0



error at least part of the time (Johnson and MacCracken,
1978; Halfpenny, 1986, p. 136-137). 

Artiodactyla 

Artiodactyl fecal pellets are common throughout the
entire Homestead Cave depositional sequence (figure 41).
Unfortunately, it is almost impossible to distinguish which
ungulate species these pellets represent.  A variety of studies
have attempted to differentiate ungulate pellets and assign
them to taxa.  Typically this has been done by measuring pH
(Howard and DeLorenzo, 1974; Johnson and MacCracken,
1978; Hansen, 1978; Peek and Keay, 1979).  Other studies
have looked at differences in bile acids and steroids (Major
and others, 1980), used electrophoresis (Scribner and War-
ren, 1984), and analyzed blood residue (Williams, 1990;
Newman and others, 1993; compare to Eisele, 1994).  Analy-
sis for dietary content, phytoliths, pollen and microorganisms
has also been sought as a means of differentiation by taxa.
The pH of mule deer shows a wide variability, with means
ranging from 5.90 to as high as 9.12.  The pH of desert
bighorn also has a wide range, from 6.31 to 7.36.  The pH
values of antelope fall within the upper end of this range, at
a mean of 8.6.  Hansen (1978) noted that “fecal pH values of
any herbivore may vary from area to area and from date to
date,” and that the pH value for a given species “may behave
independently of those of other herbivores on the same
range.”  In a study of fecal pH of three deer species in Marin

County, California, Elliott and Longhurst (1984) found that
differences were not great enough to enable a distinction to
be made.  MacCracken (1980) measured changes in the pH
of pellets of mule deer, elk, mountain goat and mountain
sheep as they aged over a 32-day period.  The animals were
all fed the same diet to minimize variation due to diet.
Among air-dried pellets, the mean pH initially increased at or
around day 2, possibly in association with loss of moisture or
due to the activity of decomposing microorganisms.  With
increasing age, an overall decrease in pH occurred among
pellets of all four species, and did so uniformly.  MacCrack-
en (1980) concluded that the uniformity in the change of pel-
let pH over time severely limited its use in making distinc-
tions between species.

All of these attempts at identification on a species level
have been problematic.  The pellets produced by antelope,
mule deer and mountain sheep have certain broadly distinct
morphological features, but they also overlap to a consider-
able degree.  This is to be expected in animals not only of the
same family, but which share the same range and to some
extent the same diet.  This is a major problem in interpreting
the Homestead Cave artiodactyl fecal pellets.  Deer and ante-
lope occur in the Lakeside Mountains today and mountain
sheep were present prehistorically (Schmitt and Manion, un-
published data).  Both mountain sheep and mountain goats
are known to occupy cave/rockshelter sites during winter
months or during periods of inclement weather (see Geist,
1971, p. 298; Chapman and Feldhamer, 1982, p. 1014), and
intermittent use by white-tailed deer (but not mule deer) has
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Figure 41. Ungulate fecal pellets from Stratum XVII (left) and Neotoma pellets from Stratum Ib (right).



been reported (Krausman, 1979).  We personally observed
antelope in Bonneville basin caves during the earlier stages
of this project.  In short, the ungulate fecal pellets at Home-
stead Cave are most probably that of antelope, deer or moun-
tain sheep, but these are impossible to distinguish in large
numbers with current technology (see Mead, O’Rourke, and
Foppe, 1986).  Late Pleistocene/early Holocene fecal pellets
identified as those of mountain sheep at other Bonneville
basin caves (see Jennings, 1957) may be sheep, but could
also easily be those of other artiodactyls.

The deposition of ungulate pellets in the cave can be
explained by two aspects of ungulate behavior: shelter from
extremes of weather, and defecation habits.  During both
summer and winter, deer thermoregulate by behavioral
adjustments.  In winter, deer are faced with two situations:
the maintenance of a quality diet in order to retain fat, and
protection from wind chill.  Dasmann (1981), studying
whitetail deer in Pennsylvania, found that given an adequate
diet, deer will continue to gain weight when temperatures are
above 4.4°C.  At temperatures below 4.4°C they begin to lose
weight, and below -1°C they lose weight rapidly regardless
of dietary quality.  Sargeant and others (1994) found that
mule deer in arid eastern Washington had little trouble cop-
ing with low temperatures given an adequate diet, but found
heat stress to be a greater concern for these animals.  In both
studies, convective loss of heat was of greater importance at
low temperatures.  Wind chill is a significant factor in the
lowering of winter temperatures, and protection from wind
was found to be a means of reducing loss of body fat through
convective heat loss, and of survival on a less than optimum
diet.  A study of domestic sheep in Scotland (Munro, 1962)
found these animals invariably seeking shelter when wind
speeds exceeded 39 km following a drop in temperature
below freezing.  These same animals also seek shade on hot
days with clear skies in order to minimize radiative heat
loading.  Whether or not wild species behave in the same
fashion is unclear.  The defecation habits of both mule deer
(Linsdale and Tomich, 1953) and mountain sheep (Geist,
1971) are similar.  Both have the habit of defecating after ris-
ing from a rest, resulting in bedding sites littered with drop-
pings. 

Ungulate fecal pellets are most common in the upper
portion of the Homestead Cave depositional sequence (table
XIII, figure 42), but are comparatively rare in the early
Holocene deposits of Strata I-IV, where their density is only
one pellet per liter or less (figure 42).  After ~8 ka, the num-
ber of ungulate fecal pellets per liter of sediments begins to
increase, and by the middle Holocene pellet densities reach
~15/liter in Stratum X.  There is substantial variability in pel-
let density in the upper portion of the sample column, with
densities reaching as high as 24/liter in Stratum XIII.  The
overall distribution suggests that the greatest change
occurred about 8 ka and corresponds to other paleoecologi-
cal data from the cave indicating that a shift to essentially
modern habitats occurred about this time.  During the
Holocene a clear pattern of cyclical variation appears related,
perhaps, to millennial-scale changes in vegetation around the
cave (see chapter thirteen).  If modern conditions are a suit-
able guide, then the ungulate fecal pellets in Stratum V and
above are most likely from antelope, with deer a more remote
possibility.

Neotoma

Woodrat fecal pellets have a remarkably different distri-
bution through the Homestead Cave sample column (table
XIII, figure 43).  While the fecal remains of woodrats have
not been studied in the same detail as those of ungulates,
anecdotal information and a few preliminary studies (see
Smith, 1991; Smith and others, 1995; Smith and Betancourt,
1998) suggest that size and morphology may be useful in dis-
tinguishing woodrat species.  Faunal remains at Homestead
Cave include a substantial number of both Neotoma cinerea
(bushy-tailed woodrat) and N. lepida (desert woodrat) skele-
tal elements, but no other species.  Modern trapping within
the cave and in its immediate vicinity suggests that both
species continue to be present to the exclusion of all other
Neotoma taxa (Grayson and others, 1996).  The woodrat
fecal pellets in the cave thus undoubtedly come from one of
these species.  The bushy-tailed woodrat is substantially larg-
er than N. lepida, with adult males ranging from 175 to 440
g compared to an average of 122 g for adult male desert
woodrats (Finley, 1958; Lee, 1963).  The expectation is that
the fecal pellets of bushy-tailed woodrats are corresponding-
ly larger than those of desert woodrats.  Great Basin paleoe-
cologists who use fossilized woodrat nests as a source of
plant macrofossil data use this expected size difference with
some success in selecting middens for analysis.  In desert set-
tings, fossil middens with larger than average fecal pellets
are often collected for analysis with the expectation that they
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Figure 42. Density variation (number/liter) in the distribution of
artiodactyl fecal pellets in the Homestead Cave sample column.
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Neotoma fecal pellets in the Homestead Cave sample column.  Note
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were deposited by the more boreal N. cinerea and therefore
were deposited during earlier, cooler periods.

Actual size measurements of woodrat fecal pellets have
been taken for a number of species by Smith and others
(1995).  While pellet sizes vary with the sex and age of indi-
vidual woodrats and with variations in diet, there is a consis-
tent and statistically valid difference in average size between
some Neotoma species, particularly between N. cinerea and
N. lepida.  We have attempted to test this size relationship by
measuring a sample of woodrat fecal pellets from the Home-
stead Cave sample column.  Given that both bushy-tailed and
desert woodrats are currently found at the cave and that both
are represented in the depositional sequence by skeletal
remains, our expectation was that there would be a bimodal
distribution in the pellet size.  We selected a sample of
Neotoma pellets from each stratigraphic unit where they
were present using a sediment sample splitter, and measured
pellet maximum width as a proxy measure for overall vol-
ume following Smith and others (1995).  Where the total
sample size was less than 150 for a particular stratigraphic
unit, we measured the entire collection.

The results are somewhat different than expected (figure
44).  Neotoma fecal pellets are common in 10 of the 18 stra-

ta from Homestead Cave.  There is no evidence of more than
a single group in any of these 10 strata.  There are a number
of possible interpretations of these results.  The most obvious
is that there is no statistical difference in the size of fecal pel-
lets between bushy-tailed and desert woodrats living in close
proximity in the same environmental setting, with a corollary
being that the overlap in pellet size between males, females
and juveniles in the two species precludes the identification
of subsets that can be readily distinguished.  This seems
unlikely in view of extant experimental data (Smith and oth-
ers, 1995).  The second possibility is that different species are
represented in each stratigraphic unit, but that only one
occurs locally within the cave at any one time.  We tested this
possibility by comparing pellet sizes between strata but
found no statistical difference from one stratum to another.  A
third possibility is that the cave was initially occupied by
bushy-tailed woodrats, with desert woodrats moving in
sometime during the Holocene.  However, there is no signif-
icant change in either the average fecal pellet size or the
range of variation from one depositional unit to another
which one might expect with the addition of the much small-
er desert woodrat to the sample mix.  This suggests that
either one or both species are represented throughout.  Final-
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ly, it is possible a single species, most likely N. cinerea, was
the sole contributor of fecal pellets to the Homestead Cave
throughout its depositional history and that the N. lepida
skeletal remains are entirely a product of raptor foraging well
beyond the cave.

The highest numbers of woodrat fecal pellets occur in
Strata Ia and Ib where they are found in concentrations of
196/liter and 601/liter, respectively.  These high numbers
may be the result of differential processing, since these sam-
ples were sorted without screening, while those from later
depositional units were shaken through a series of graded
screens.  The presence of thousands of ungulate and Neotoma
fecal pellets in the screened samples, however, suggests that
these concentrations represent a real phenomenon.  These
woodrat pellets have dark brown cuticles covering lighter
interiors.  In Stratum Ib the Neotoma pellets are unusually
flattened and appear to have been smashed while they were
moist.  This situation does not occur with Neotoma pellets in
the succeeding levels.  In Strata II and III, the Neotoma pel-
lets are firm and hard, light tan in color with only a few pel-
lets showing any distinct cuticle.  The others are pitted and
eroded. Texture is consistent with those in Stratum I.  The
total number of woodrat pellets declines dramatically
through Stratum II and Stratum III.  Only a single woodrat
pellet was found in Stratum IV and only two were recovered
from Stratum V.  All three are most likely present as a prod-
uct of relatively limited bioturbation.  No Neotoma fecal pel-
lets are present in Strata VI-XI.  Neotoma pellets reappear in
low numbers in Stratum XII (0.04/L) and are present in all
depositional units thereafter.  In Stratum XIII, pellets
increase in numbers to 110, are moderately well preserved,
and fine-grained to medium-grained vegetation is visible for
the first time.  In Stratum XIV, pellets are moderately well
preserved with fine-grained vegetation present.  Neotoma
pellet numbers reach their highest Holocene density (1.22/L)
in Stratum XV, with medium to coarse-grained vegetation
present in most.  They are light tan to dark brown.  The dark-
er pellets are coated or indurated and are noticeably harder

than the lighter-colored pellets.  In Stratum XVI, pellets are
light brown to dark brown with vegetation present in most,
much of it medium to coarse textured.  In Stratum XVII,
darker colored pellets are better preserved and appear to be
indurated; lighter colored pellets are less well preserved.
Medium to coarse vegetation is present in most pellets. Stra-
tum XVIII pellets are similar to those in Stratum XVII.

There are two striking features of the woodrat fecal pel-
let distribution in the Homestead Cave sample column: the
high concentrations in the earliest stratigraphic units and
their absence through the central part of the depositional
sequence.  Other floral and faunal data from the cave suggest
a relatively cool-mesic habitat, well suited to Neotoma
cinerea, was present in the vicinity of Homestead Cave dur-
ing the deposition of Strata Ia and Ib.  The high numbers of
fecal pellets suggest that local forage was abundant during
this period and that a number of dens may have been present
within the cave and in the ridges along the cave mouth.  After
~10 ka, the numbers of woodrat pellets decreases markedly,
and by 8500 yr B.P. woodrats were completely extirpated
from the cave.  Woodrats do not reappear in the fecal pellet
record until 3.4 ka or probably even later. 

This absence for 5000 to 6000 years or more is perplex-
ing given that skeletal remains of N. lepida occur throughout
the record (Grayson, chapter seven), and that fossil middens
dating to this period have been found in a number of similar
environmental settings across the Bonneville basin (Rhode,
chapter twelve).  The lack of change in pellet size suggests
the possibility that only a single species may be represented
and that this sequence is the result of bushy-tailed woodrats
being locally extirpated and then subsequently recolonizing
the cave.  To examine this possibility, we selected a subset of
the largest 15% of the measured specimens from each stra-
tum following a similar procedure used by Smith and others
(1995).  The specimens average greater than 5.0 mm in width
for all units.  If the correlation between fecal pellet width and
body mass suggested by Smith and others (1995) is valid,
widths of >5.0 mm indicate body weights of 275-450 g for
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Figure 45. Linear relationship between fecal pellet width and body mass for three species of woodrats (N. albigula, cinerea, and lepida) modified
from Smith and others (1995, p. 2012, Figure 1.C).  Fecal pellet size "can be used to estimate adult body mass with a prediction error of only 21%."
The size range of the largest 15% from all strata suggests adult body weights of up to 450 g.



the individuals who produced them (figure 45).  These
weights are much too large to have come from N. lepida and
suggest that N. cinerea was a major contributor of fecal pel-
lets to the Homestead Cave deposits in both the earlier and
later periods.  In short, despite the presence of desert wood-
rats at the mouth of the cave at present (Grayson and others,
1996) and the occurence of N. lepida faunal material in the
deposits for at least the last 9000 years, it seems likely that
desert woodrats were restricted to the warmer and more xeric
environments outside the cave and, at best, made only mini-
mal contributions to the Homestead Cave fecal record.

Grayson and others (1996) note the unusual occurrence
of N. cinerea currently living at Homestead Cave and suggest
its presence is most likely due to a previously unknown abil-
ity to expand rapidly from higher elevations during short-
term climatic oscillations.  An alternative possibility is that a
small population managed to survive throughout the Holo-
cene within the relatively mesic confines of Homestead
Cave.  The fecal pellet distribution supports the former pos-
sibility and suggests that this recolonization may have oc-
curred during the relatively cool Neoglacial period when
Great Salt Lake reached its Holocene high (Currey, 1990)
and when vegetational communities in the eastern Great
Basin may have been depressed as much as 100 m (Madsen,
1984; Wigand and Rhode, in press).  Bushy-tailed woodrats
are sensitive to high temperatures and prefer deep crevices or
caves in cliffs which are of “...importance as buffers against
high temperatures; [since] N. cinerea may suffer heat stress
at temperatures above 34°C” (Vaughan, 1990, p. 20).  Home-
stead Cave currently provides such a refuge, and bushy-
tailed woodrats could have been reintroduced during the
Neoglacial 2000 - 4000 years ago and have survived there
since that time.

Other Fecal Remains

Fecal pellets of lagomorphs, microtine rodents and car-
nivores also occur at Homestead Cave in minor amounts
(table XIII).  With the exception of Strata XV-XVII, fecal
pellets from microtines are either absent from the sample col-
umn or occur in very small numbers.  In these three strata,
however, microtine fecal pellets rival those of woodrats in
frequency, suggesting that local breeding populations may be
using the cave floor and the mesic habitat at the cave mouth.
Below these relatively recent depositions, microtine pellets
are rare enough to suggest they may be a product of prey
items brought into the cave by raptors.  Fecal pellets of lago-
morphs are common in the upper third of the sample column,
but may also be a product of raptor foraging, since neither
jackrabbits (Lepus spp.) nor cottontails (Sylvilagus spp.) are
known to frequent cave settings.  Cottontails prefer dense
sagebrush with abundant escape routes, while jackrabbits

prefer open ground.  Both taxa nest in burrows or under pro-
tective cover (Chapman and Feldhamer, 1982). 

Hare and rabbit pellets first appear in Stratum XIII (after
3.4 ka) with 17 well-preserved pellets.  Numbers quickly
increase, reaching a maximum of 860 pellets in Stratum
XVII.  Beginning in Stratum XV, a few (n=4) small, hard,
blackish pellets are found.  These increase to 59 in Stratum
XVII, comprising ~7% of the total pellets for this stratum.
These blackish pellets may be what are known as “green pel-
lets,” rich in nutrients and reingested by the rabbit.  These
pellets form in the lower intestines of the rabbit and are gen-
erally excreted at night or early morning (Steigers and others,
1982).  Their presence in the cave deposits suggests that
these animals were caught by a raptor during night hunting
and were scattered onto the cave floor as the animal was dis-
membered.  The lack of rabbit fecal pellets in the lower
Homestead Cave deposits may be a product of differential
preservation, since both cottontail and jackrabbit skeletal ele-
ments are found throughout the depositional sequence. 

Six fecal samples (table XIII) appear to derive from
small carnivores, possibly coyotes.  They are distinguished
by the presence of partially digested bone (that is, pitted and
polished).  Acid-etched, small mammal bone imbedded in
hunks of matted hair is characteristic of coyote scat (Schmitt
and Juell, 1994). 

Summary 

Fecal material from Homestead Cave is primarily that of
ungulates followed by Neotoma pellets, with smaller num-
bers of lagomorph pellets and a few possible carnivore pel-
lets.  Overall, ungulate pellets occur in small numbers in the
lower strata of the sample column, increase rapidly in the
middle strata, and vary thereafter.  In general, preservation of
the pellets is very good, although many pellets in the lower
strata are friable and erode easily when handled or disturbed.
These pellets may derive from deer, antelope or mountain
sheep, but given local habitat conditions and known behav-
ior patterns, were most likely deposited by antelope in strata
deposited after ~8 ka.  Prior to that time mountain sheep are
a very viable alternative.  Neotoma fecal pellets show a un-
ique distribution, suggesting that no woodrats occupied
Homestead Cave between ~8.5 and ~3 ka.  Size measure-
ments show no bimodal distribution in size categories, sug-
gesting either that size alone does not provide good proxy
data for species identification, or that Homestead Cave was
occupied by only a single species.   N. cinerea apparently
lived within the cave during both the early and later periods.
Hare and rabbit pellets are present in the upper portion of the
sample column, but may well have been brought to the cave
by raptors and carnivores.
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INTRODUCTION

In choosing a cave site suitable for the investigation of
paleoenvironmental change in the Bonneville basin, we as-
sumed that people would be among the many biological vec-
tors contributing to a complex ecological record embedded in
the deposits.  Based on previous work (see Aikens and Mad-
sen, 1986; Madsen, unpublished data ), it was clear that vir-
tually every cave of any size in the basin was occupied to
some extent by prehistoric peoples.  However, we hoped to
reduce interpretive difficulties by investigating a site where
human occupation was limited, since human activity in a
cave often creates a complex stratigraphy which is difficult
to identify.  The complexity increases in difficulty with
repeated floor sweepings, movement of fill to level floor sur-
faces, digging of pits or storage cists, the use of fires on
deposits consisting of combustible materials, and the general
day-to-day activity of recurring use.  As a result, there is
often a direct correlation between the frequency of occupa-
tion and length of stay at a site and the complexity of the
depositional record it contains.  Within the Bonneville basin,
it is apparent that heavy aboriginal use of a cave location
appears to be generally dependent on access to water prima-
rily, and to food resources secondarily.  Distance to water
therefore became one of the criteria we employed in select-
ing a site for this project.

Homestead Cave (42Bo763) was chosen for investiga-
tion primarily because of its prominent raptor roosts and
related pellet cones on the cave floor, but also because of the
lack of cultural remains on the cave surface.  Open surface
water is unavailable in the northern Lakeside Mountains and,
as a result, human occupation appears to have been sporadic
and relatively recent (Madsen and Kirkman, 1988; Madsen
and Schmitt, 1998).  The limited subsistence resources avail-
able in the Homestead Knoll area made an extensive archae-
ological record in the cave deposits unlikely, and suggested
the possibility that any modest human deposition would aid
rather than hinder interpretation of the paleoecological
record by providing datable materials from infrequent fire
hearths.  Fortunately, this initial assessment proved to be
accurate and only a very few cultural remains were recovered
during the excavation process.  These archaeological materi-
als are reported here, primarily in a descriptive fashion.
More detailed conceptual discussions of human occupation
in the western Bonneville basin are available in Aikens
(1970), Madsen (1980), Aikens and Madsen (1986) and
Madsen (unpublished data).

THE ARCHAEOLOGY OF THE LAKESIDE
MOUNTAINS

The Homestead Cave region on the northern end of the
Lakeside Mountains has a history of human occupation lim-

ited to the last 5000 14C yr (Madsen and Kirkman,1988;
Madsen and Schmitt 1998).  Previous study of the area is
limited to four surveys and the excavation at Lakeside Cave
(42Bo385).  Site inventories are reported by Arkush (1991,
1994), Arkush, and others (1992), and Arkush and Workman
(1993a, 1993b).  Individual sites have also been identified
during projects conducted by the State of Utah and the U.S.
Bureau of Land Management and have been recorded in the
site files of the Utah State Historic Preservation Office.
Those surveys identified 28 aboriginal sites on the northern
half of the Lakeside Mountains (figure 46).  Five are open
camps and limited-activity lithic scatters, two are chalcedony
quarry source/lithic scatters, and the remaining 21 sites are
caves or rockshelters.

The archaeology of Homestead Cave is most readily
understood in the context of previously excavated cave sites
in the Bonneville basin.  There are two sites, Lakeside and
Hogup Caves (42Bo36), which the aboriginal visitors to
Homestead Cave most likely also used.  The other prominent
comparative cave assemblages for the eastern Great Basin
are Danger Cave (42To13), Floating Island Cave (42To106),
and Camels Back Cave (42To392).  Lakeside Cave, located
6 km due north of Homestead Cave, is the geographically
closest known site containing a human occupation record.
Hogup Cave is approximately 36 km northwest of Home-
stead Cave along the southeastern margin of the Hogup/Ter-
race Mountains.  In the Silver Island Mountains, along the
western boundaries of the Great Salt Lake Desert and less
likely to have human association with Homestead Cave, are
Floating Island and Danger Caves, some 59 and 91 km far-
ther to the west, respectively.  These sites have helped define
a chronology and aboriginal history of the eastern Great
Basin (Aikens and Madsen, 1986) and provide a backdrop for com-
parison to the archaeological record of Homestead Cave.

The environmental context of Lakeside Cave is most
similar to Homestead Cave in that no sources of water or
abundant food resources were available to early visitors of
the area.  The excavations at Lakeside Cave document 5000
14C yr of intermittent seasonal use of the site by small mo-
bile bands.  Grasshopper remains (Melanoplus sanguinipes)
mixed with the oolitic sands from mid- to late Holocene
beaches indicate that insects were a major seasonal compo-
nent of the aboriginal diet and were probably collected from
the surface of adjacent beaches.  “Human fecal deposits are
associated with all strata where grasshopper parts occur and
contain oolitic sand and hopper parts as their principal com-
ponents” (Madsen and Kirkman, 1988).  Madsen and Kirk-
man (1988) also report ethnohistoric accounts of insect use
and document windrows of dried and salted hoppers that
accumulate in the thousands along today’s Great Salt Lake
beaches.  “Grasshopper procurement appears to have been
one of the primary subsistence activities at the site.  The sea-
son of occupation appears to have been earlier than at Hogup
Cave, most probably during late summer” (Madsen, unpub-
lished data).

CHAPTER SIX

Archaeological Materials from Homestead Cave
by

Monson W. Shaver III



To the northwest, Hogup Cave is separated from Home-
stead and Lakeside Caves by 36 km of the mud and playa
salts of the Great Salt Lake Desert and at times during the
mid- to late Holocene has been isolated from the south by the
rising waters of the lake itself.  Several artifacts in the Lake-
side Cave deposits, such as thin slab metates originally from
bedrock sources in the Terrace and Raft River Mountains,
suggest that visitors may have originated from around the
Hogup area and points farther north.  Detailed textile analy-
sis (Andrews and others, 1988) also suggests that both sites

were occupied by the same set of people and that the textiles
“....may in fact reflect the work of the same but forever
anonymous hands.”  According to Madsen (unpublished
data), the two sites may also have been linked ethnographic-
ally and during periods of low lake level:

...the closest area of interaction appears to have
been the Lakeside/Terrace Mountains area where
Steward (1938) records a winter village of
Gosiute near a spring (probably Craner Springs) on
the Lakeside Mountains and a winter village of
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Northern Shoshone at Locomotive Springs at the
north end of the Terrace Range.  While the vil-
lages themselves were at least 80 km apart,
Steward also reports that intervening areas were
extensively used for antelope hunts and occa-
sional contact and social interaction undoubtedly
occurred.  Some interaction also appears to have
occurred on the western margin of the lake/desert
in the area of the Pilot Range, but the population
density was quite low and the only significant
number of people between the Deep Creek
Mountains on the south and Grouse Creek on the
north were far to the west of the salt flat margin
in the vicinity of Wells, Nevada (Steward, 1938,
p. 173).

The environmental and archaeological patterns at
Hogup Cave differ greatly from both Lakeside and Home-
stead Caves, however, despite the possible use by the same
set of people.  The Hogup Cave location overlooks Crescent
Springs, and its inhabitants, both human and nonhuman, had
immediate access to marsh flora and fauna.  This proximity
to water and food resources changes the nature and abun-
dance of the archaeological record found in Hogup Cave.
The site was excavated by the University of Utah under the
direction of Melvin Aikens in the late 1960s. The analyzed
remains reflect an adaptive desert culture that centers on the
pickleweed seed (Allenrolfea occidentalis) as a seasonal sta-
ple and diversified small and large game hunting (Aikens,
1970).  “Pickleweed constituted a major and dependable
resource, available annually in late summer.  It probably was
the magnet which drew people regularly to the site and was
a dependable staple that allowed them to remain in the area
for a considerable period at each visit, hunting and foraging
for other desirable, but less dependable or not as easily avail-
able, floral and faunal resources” (Aikens, 1970, p. 189).
Analysis of the recovered materials suggests occupation
spanning most of the Holocene, with 14C age estimates rang-
ing from 8350 ± 160 to 480 ± 80 yr B.P.

In stark comparison to the immediate access to subsis-
tence resources at Hogup Cave, water and food resources are
very limited at Homestead Cave.  Identifiable water sources
consist of seasonal washes or ceiling seeps noted on the inte-
rior of Cathedral Cave, on the north side of Homestead Knoll
(see chapter ten), and Lakeside Cave.  Today the closest con-
sistent source of water, at the head of Craner Canyon on the
northeastern slopes of the Lakeside Mountains, is 32 km to
the southeast of Homestead Cave.  This distance to water cre-
ates an ephemeral archaeological record that reflects brief
visits at extended intervals, rather than the recurring season-
al use that creates the archaeological abundance found in
more attractive sites such as Hogup Cave.

CULTURAL FEATURES AND STRATIGRAPHY

Cultural materials were recovered from the upper one-
half of the 1 x 1 meter sample column.  Those remains are
very sparse, consisting of 41 small fragments of cordage, two
projectile points, a point fragment, two obsidian flakes, two
pieces of ground stone and a small fragment of a leather knot.
Human occupation of the cave appears to have been limited,
as little of the detritus resulting from daily living, such as

resharpening flakes, broken ground stone, or fire-cracked
rock, was identified during laboratory sorting of the bulk
samples.  Dispersed charcoal from cooking fires is, with the
exception of that associated with the single hearth identified
on the surface of Stratum XV, also rare in the bulk samples.
At best, the human contribution to the depositional sequence
was modest, and virtually all of the floral and faunal remains
in the cave were left there by non-human animal vectors.
The earliest cultural materials, consisting of two cordage
fragments, first appear in Stratum X, which dates to ~5330 yr
B.P.  These may be out of place, however, as the initial occu-
pation at nearby Lakeside Cave was somewhat later.  Stratum
X is heavily disturbed by rodent burrows, and nearly all of
the cultural items appear in the Homestead Cave sequence
only after ~3400 yr B.P. in Stratum XII and above.

Only three prehistoric cultural features were identified
during the excavation and sampling process.  These include
a surface scatter of human bone, a charred log or large root
fragment and a hearth.  In addition, a rock or talus-ringed
depression found on the surface of the cave deposits may be
of human origin.  The human skeletal remains were recov-
ered from a surface scatter on the west side of the cave
mouth.  The scatter was about 1 m in diameter and appears to
have been redeposited from a relic hunter’s hole dug along
the west wall of the cave.  It was initially impossible to iden-
tify the remains as prehistoric due to the absence of a skull
and associated diagnostic features.  The highly weathered
condition of the bones also suggested they had been exposed
for some time.  After these surface remains were removed
and exploratory excavations were initiated, a vertebrae, a
second left metacarpal, and partially ground tooth were
found in the spoil dirt from the looter’s pit, suggesting the
surface remains originated from subsurface deposits and
were probably prehistoric.  This assessment was confirmed
by the forensic examination.

Twenty-six of the identifiable cordage fragments were
recovered from Strata XIII thru XV, and it is likely the burial
is associated with the deposition of these three strata brack-
eted to a period from ~3400 - 1240 yr B.P.  Given the limit-
ed array of cultural materials and the location of the sample
column immediately adjacent to the pothole from which the
burial originated, it seems possible the cordage fragments are
the result of rodents having disturbed the body and the
clothes in which it was buried.

The single major cultural feature consists of a concen-
tration of ash and charcoal on the surface of Stratum XV that
appears to be the remnant of a badly disturbed hearth (figure
47).  A krotovina extends vertically downward below the ash.
The hearth remnant is triangular, approximately 15.0 cm on
a side, and is centered at 122.8S and 98.95E.  It is a maxi-
mum of 5.0 cm. thick and contains burned large mammal
bone fragments.  Stratum XVI, in which the hearth occurs, is
quite ashy and the hearth cannot be clearly distinguished
from the fill of the stratum as a whole.  If measured by the
area of dispersed charcoal the hearth extends into 122S 99E
approximately 20.0 cm. (figure 48).  A log fragment or
branch of pine on the surface of Stratum XI is 11.0 cm in
diameter at its thickest and extends at least 0.5 m in length.
It has no evident human modification and is identified as cul-
turally deposited simply because there is no other plausible
explanation for its presence in the cave.  Another possible
cultural feature is a rock/talus ringed depression in the rear
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western quadrant of the cave.  It is roughly semicircular with
a diameter of ~3.0 m.  It is formed by limestone spall from
the center and the rear of the cave and may simply be a prod-
uct of convergence between the two main talus areas in the
site.  The depression is approximately 50.0 cm deep.  No arti-
facts were identified within the rock ring.

ARTIFACTS

Cordage

The terminology for the structural types of cordage
described here follows that employed by Emery (1966),
Shaw (1972), Hurley (1979), and Andrews and others
(1988).  The basketry and cordage assemblage from Lakeside

Cave analyzed by Andrews and others (1988), is the geo-
graphically closest assemblage of cordage materials to occur
in proximity to Homestead Cave.  The limestone outcrop in
which Lakeside Cave is located, ~5 km to the north-north-
east, can be seen from Homestead Cave.  The Lakeside Cave
cordage analysis reveals that the cordage construction tech-
niques used at the site closely resemble the Hogup Cave
cordage assemblage recovered by Aikens in the late 1960s.
Later excavations at Floating Island, located in the Silver
Island Mountains, recovered and identified a distinct set of
construction techniques and found the construction style sim-
ilar to those recovered from Danger Cave.  Thus, two sepa-
rate populations using different cordage construction tech-
niques have been identified, one population using the
Hogup-Lakeside Caves and a separate population depositing
cordage remains in the Danger-Floating Island Caves. 

Only a few pieces of cordage were recovered during the
actual excavations at Homestead Cave.  Most of the cordage
assemblage was separated by hand in the laboratory from the
bulk 1 x 1 meter column samples after screening through
12.6 mm, 6.3 mm and 3.1 mm mesh screen size (table XIV).
Many of the samples consist of a mass of fragments which
have been counted as one unidentifiable piece of cordage.

One small (1.5 mm) unidentifiable fragmentary piece of
cordage was recovered from the uppermost Stratum XVIII.
One piece of cordage was recovered from Stratum XVII and
dates to ~1,020 yr B.P.  It is 47 mm long and is constructed
in a Z-twist, S-spun, 2-ply fashion.  Stratum XVI, which
dates to ~1240 yr B.P., contained one piece of cordage, meas-
uring 42 mm and constructed in a Z-twist, S-spun, 2-ply
fashion.  Stratum XV contained the largest quantity of
cordage recovered from the entire column.  Of 15 total
pieces, seven are S-twist, Z-spun, 2-ply, the longest of which
is 102 mm and the shortest 18 mm.  One is tapered from a
broad to a narrow diameter and another contains an overhand
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knot at one end.  Five specimens are constructed in a Z-twist,
S-spun, 2-ply fashion; two of these have overhand knots at
one end.  These five pieces of cordage are 24 to 210 mm in
length, with 210 mm being the longest recovered specimen
in the assemblage.  The remaining three pieces consist of S-
spun fragments which are too poorly preserved for catego-
rization. 

Stratum XIV contained eight pieces of cordage (figure
49a,b).  Five are constructed in an S-twist, Z-spun fashion,
with one individual piece being the only 3-ply cordage con-
struction found in the collection; the other four are 2-ply.
These five pieces range from 110 mm to 38 mm in length.
Only one piece of cordage found in Stratum XIV is con-
structed in a Z-twist, S-spun, 2-ply fashion; it measured 59
mm in length.  The remaining two specimens are too frag-
mentary for precise description.  Ten pieces of cordage were
recovered from Stratum XIII.  Seven are constructed in an S-
twist, Z-spun, 2-ply fashion and one in a Z-twist, S-spun, 2-
ply fashion.  The remaining two consist of fragments, one of
which could only be defined as a Z-spun knot.  Maximum
length in this group is 148 mm, with the shortest being 8 mm.
Two overhand knots occur in the S-spun, Z-twist group.
Stratum XII, dated to ~3400 yr B.P., contained three samples
of cordage, only one of which could be defined as S-twist, Z-
spun, 2-ply construction.  The remaining two pieces are so
indurated it is impossible to identify more than a twist in an
S-twist direction.  None of these samples exceed 10 mm.
The lowest stratum in the sample column to contain cordage
is Stratum X, dating to ~5330 yr B.P.  It contained two in-
durated pieces of cordage constructed in an S-twist, Z-spun,
2-ply fashion.

A small leather knot (figure 49c) was recovered from
Stratum XV, dating to shortly before ~1240 yr B.P.  The knot
consists of three small individual curved fragments of
indurated leather, forming a small inseparable clump.  Mea-
suring 12.2 mm x 8.4 mm x 5.0 mm, it contains no features
indicating its function.

Chipped and Ground Stone Artifacts 

The recovered assemblage of Homestead Cave chipped
stone consists of only two obsidian thinning flakes and three
specimens of finished tools.  The two bifacial thinning
flakes, debris associated with either the manufacturing or

resharpening/repair of tools, suggest occupation was limited
to extremely short-term visits.  Four of the five specimens
(the two obsidian flakes, a small side-notched chalcedony
arrow point and a bifacially flaked ignimbrite tang fragment)
were recovered during the lab screening of the bulk column
samples.  The fifth specimen, a complete obsidian Elko
Series projectile point, was identified in the north profile face
of the sample column during excavation.  The two diagnos-
tic projectile points are stratigraphically and temporally in
sequence with the arrow point in Stratum XV, directly above
the Elko Series point in Stratum XIV.  Both of these deposits
are bracketed above and below by radiocarbon age estimates
of 1240 ± 50 yr B.P. and 3400 ± 60 yr B.P.  The arrow point
(figure 49e) measures 20 mm long by 10 mm wide, and is 2.1
mm thick.  Material type is a white/brown chalcedony.  This
small, symmetrically triangular point is lacking its diagnos-
tic basal stem, but it most closely resembles the Bear River
side-notched point series defined by Holmer and Weder
(1980).  Chronologically, it falls just within, and geographi-
cally well within, the boundaries described for this point
type.

The Elko series projectile point (figure 49d) was pro-
duced from obsidian and measures 36.45 mm in length by
21.5 mm at its widest by 6.15 mm in thickness.  The shoul-
der-notched stem contracts slightly to a termination without
basal notching.  This projectile point was recovered from the
side wall of the sample column during excavation and its
location is tightly provenienced to the middle of Stratum
XIV, dated to 2850 ± 50 yr B.P.  The morphology of this
point falls within the Large Contracting Stem point series or
the Elko projectile point series.  Large contracting stem
points have been reclassified by Thomas (1981) as Gatecliff
Contracting Stem.  According to Holmer (1986, p. 105):

Wherever they occur their temporal placement is
remarkably consistent - always between 2500
B.C. to A.D. 500.  Of interest is that they do not
occur everywhere in the Intermountain West but
seem to be limited to approximately the southern
half.  They are common at Hidden Cave, consti-
tuting 27% of the total Archaic points, at Gate-
cliff Shelter 7%, at O’Malley Shelter 36%, at
Sudden Shelter 13%, and at Cowboy Cave 38%.
Only a few were recovered from Danger Cave
(2%) and none from the study sites north of that.
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Table XIV
Artifacts from Homestead Cave

Stratum Ground Tools & Cordage Other
Stone Chipped stone

XVIII 1*
XVII Metate Bifacial thinning flake 1z/s
XVI 1z/s
XV Bear River side-notched point 7s/z, 5z/s, 3* Leather knot
XIV Elko Series point 5s/z, 1z/s, 2*
XIII 7s/z, 1z/s, 2*
XII Bifacial thinning flake 1s/z, 2*
XI Mano Projectile point tang fragment
X 2s/z

*Unidentifiable fragmentary cordage



A histogram constructed by Holmer estimates the ages of
each stratum for Danger Cave, Hogup Cave, Sudden Shelter
and Cowboy Cave.  By plotting the number of Elko Series
points per 500 14C yr period within a 7000 14C yr occurrence
in the eastern region, it is possible to see that Elko Series
points are dominant between 3 and 5 ka (Holmer, 1986,
p.102).

A small bifacially flaked tang, possibly originating from
a projectile point, was recovered from Stratum XI dating to
shortly before ~3.4 ka.  It is produced on a dark piece of ign-
imbrite and measures 6.4 mm x 9.95 mm x 3.3 mm.  Its size
and chronological placement suggest that it may have come
from an Elko Series point.  

Two specimens represent the total ground stone assem-
blage recovered from Homestead Cave.  The first is a metate
from Stratum XVII and postdates ~1240 B.P.  Typologically
it falls well within the Class III metates defined by Madsen
(unpublished data) for the Bonneville basin.  Class III met-
ates are expediently prepared and manufactured on locally
available rock types.  This type of ground-stone metate is
usually identified and categorized within the Bonneville
basin by its lack of preparation and light use.  When found in
relatively large proportions, they are thought to indicate
higher frequencies of short-term occupation.  The metate was
made on a piece of limestone spall similar to many unmodi-
fied pieces in the cave fill.  It is 21.0 mm thick by 100.3 mm
long.  The working surface measures 40.5 mm in width.  Sur-
face wear is flat, medium to heavy ground, with no edge
preparation evident.  It has wear on a single side, with calci-
um carbonate deposits adhering to one end and on the side
opposite the ground surface.  The ground surface is pitted
and appears to have striations.

A one-handed mano, manufactured on a rounded beach
cobble, was recovered from Stratum XI.  It is an ovoid-
shaped piece of limestone with one battered end and a unifa-
cially ground surface.  The end opposite the battering has
begun to deflate away.  Its dimensions are 150.05 mm x 89.3
mm x 48.0 mm.  The ground working surface measures 101.0
mm x 62.0 mm.

ECOFACTS

Plant macrofossils identified in the sample column that
are most likely related to human activity consist of a single
needle from the mesic, high-montane conifer white fir (Abies
concolor), pine charcoal from Stratum IX, a pine log from
Stratum XII and two fragments of pinyon pine seed hulls
(Pinus monophylla) from Stratum XVII (Rhode, chapter
five).  The presence of these plant macrofossils have no
ready explanation.  Great Salt Lake beaches are commonly
strewn with driftwood of many types, and it may be this pine
detritus was used as a source of fuel for campfires in the
depauperate environment of Homestead Knoll.  Alternative-
ly, it may be a transported branch of pine used as a ready
source of pine pitch for waterproofing or as a fastening agent
with basketry, ceramics or projectile points.  Neither expla-
nation is entirely satisfactory.

Pine nuts are known to be of critical importance to pre-
historic populations inhabiting the northern Great Basin
(Simms, 1985; Madsen, 1986).  The remains of pine nuts are
common in Bonneville basin cave sites, and they have been
reported at Lakeside Cave (Madsen, unpublished data),
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Figure 49. View of selected artifacts from Homestead Cave: cordage (a,b), and leather knot (c), Elko Series point (d), Bear River side-notched point
(e).  Scale equals 2 cm.
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Hogup Cave (Aikens, 1970) and Danger Cave (Madsen and
Rhode, 1990). They were reportedly in use at Danger Cave
by 7 ka following the early to mid-Holocene migration of
single leaf pinyon (Pinus monophylla) into the northeastern
Great Basin (Madsen and Rhode, 1990; Rhode and Madsen,
1998).  The nearest known location for pinyon growing today
is over 80-100 km away in the Stansbury, Oquirrh and Pilot
ranges.  It also occurs in dense concentration more than 100
km to the north in the Raft River Mountains.  While pine nuts
can be readily transported as a food source (Jones and Mad-
sen, 1989; Metcalfe and Barlow, 1992), these distances are
outside the economically viable limit for logistical foraging
from the cave, and it is most likely they result from the one-
way transport of pine nuts through a series of stops.  Alter-
natively, it may be they derive from a now extirpated re-
fugium of pinyon in the higher elevations of the Lakeside
Mountains.

HUMAN SKELETAL REMAINS

During the initial survey of Homestead Cave, human
skeletal remains in extremely poor and fragmentary condi-
tion were discovered on the surface outside the dripline of
the cave.  This material appears to have been derived from a
shallow looters pit in the rear of the cave and was redeposit-
ed at the cave mouth.  The skeletal material was determined
to be that of an active middle-aged adult, most likely a fe-

male, about 166 cm tall (McCullough, 1994).  Some moder-
ate arthritic development was apparent and all the bones
show obvious ridging resulting from muscular-related stress.
No apparent injuries were noted on the skeletal material.  The
woman was most probably indigenous American, but ethnic
affiliation could not be determined in the absence of DNA
testing.

SUMMARY

The limited array of cultural materials at Homestead
Cave suggests that visits by people were infrequent and short
term.  The lack of chipped stone detritus, dispersed charcoal,
burned bone and broken finished slab metates indicates lim-
ited occupation.  Only a few finished tools were recovered
and only a single hearth was identified throughout the entire
excavation area.  What infrequent visits did take place prob-
ably occurred during the late Archaic to early Fremont peri-
od from ~5 to 1 ka.  Most likely, these visits took place in
conjunction with the seasonal occupation of Lakeside Cave
or other similar nearby sites, and may have been limited to
day trips.  There is no evidence suggesting the purpose of
these visits.  The extremely sparse contribution of humans to
the faunal and floral record at the cave allows the direct com-
parison of the later depositions with those laid down prior to
the appearance of people in the northern Lakeside Moun-
tains.
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ANALYTICAL QUESTIONS 

The initial testing of Homestead Cave revealed the pres-
ence of a rich, stratified small mammal fauna that reached
back into the latest Pleistocene and that held the potential of
providing important insights into two interrelated aspects of
arid western history. 

The first of these involves the nature of past climates in
the northern Great Basin in general, and in the northern Bon-
neville basin in particular.  Climatic modelers using the
National Center for Atmospheric Research Community Cli-
mate Model (NCAR CCM) have recently suggested that the
early Holocene in the northern Great Basin was not only rel-
atively moist, as has long been suggested by a wide variety
of proxy paleoclimatic indicators, but that it was warm as
well (see Thompson and others, 1993).  An impressive body
of empirical data, however, has seemed to contradict this
conclusion.  These data include an early Holocene small
mammal record that strongly implies that this period of time
was moist and cool, not moist and warm (see discussion and
references in Grayson, 1998).  Although compelling to some
with an empirical bent, these data have been largely ignored
by those whose prime focus has been on the models them-
selves.  This is the case even though the modelers are not
slow to call on mammal data when it happens to match
model-derived expectations.  One of the main reasons for
analyzing the Homestead Cave mammalian fauna was pro-
vided by this climatic issue, since this fauna clearly spanned
the late Pleistocene/early Holocene transition, was embedded
in well-stratified deposits, held the promise of being precise-
ly dated, and was of unparalled size for the Great Basin.

While the first set of issues I wished to address invol-
ved the nature of past climates in the northern Great Basin,
the second involved a series of particular issues relating to
the biogeographic history of Great Basin small mammals.
Some of these issues relate to the intriguing and fruitful
model of Great Basin small mammal history presented a
number of years ago by J. H. Brown (Brown, 1971, 1978;
Brown and Gibson, 1983; McDonald and Brown, 1992;
Brown and Lomolino, 1998).  Brown (1971, 1978) examined
the modern distributions of a series of Great Basin mammals
which today are primarily found on Great Basin mountains
and not in the valleys that separate those mountains.  These
mammals, which Brown termed “boreal” but which I will
refer to as “montane,” include such species as yellow-bellied
marmots (Marmota flaviventris), pikas (Ochotona princeps),
golden-mantled ground squirrels (Spermophilus lateralis),
Nuttall’s cottontails (Sylvilagus nuttallii), white-tailed
jackrabbits (Lepus townsendii) and bushy-tailed woodrats
(Neotoma cinerea).  Brown based his analysis on a series of
arguments drawn from equilibrium island biogeographic the-
ory, including the fact that the relationship between the num-

ber of montane species on Great Basin mountains and the
area of those mountains was marked by a slope characteris-
tic of isolated faunas.  Brown concluded that the montane
mammals included in his analysis reached Great Basin
mountain islands during the Pleistocene, that they became
fully isolated on those mountains when the Pleistocene came
to an end, and that since then there have been differential
extinctions of, but no new colonizations by, these species.

Paleontological investigations of the implications of
Brown’s model initially provided extremely strong support
for it, including evidence that montane mammals had once
occupied Great Basin mountains and valleys where they no
longer occur (Grayson, 1977, 1981, 1983, 1987, 1988).  At
the same time, these studies suggested that the history of
Great Basin montane mammals was far more complex than
Brown’s model suggested.  It became clear that different
species, and different populations of the same species,
became extinct at different times in different places in both
mountain and lowland contexts (Grayson, 1993).  It also
became clear that the earliest losses had occurred in the
south, the latest in the north, and that smaller, lower ranges
likely lost their montane mammals earlier than had larger,
higher ones.  Some of these conclusions have more recently
been echoed by Lomolino and Davis (1997) on other grounds.

As these paleontological studies were occurring, more
detailed observations were being made of the modern distri-
butions of the montane mammals involved.  Those observa-
tions clearly showed that the list of mammal occurrences by
mountain range that was available to Brown was quite
incomplete and that the mammalian distribution pattern he
had described reflected in part the search patterns of mam-
malogists (Grayson and Livingston, 1993).  It also became
clear that at least some of these mammals could cross valley
bottoms under current conditions in some places (Grayson
and Livingston, 1993), a phenomenon well-described for the
Southwest (see Davis and Dunford, 1987).  More recently,
and based on far more rigorous and expansive surveys,
Lawlor (1998) has shown that this pattern is a general one:
many of the montane species once thought absent from these
ranges are, in fact, present.  Lawlor’s detailed analysis of
these data shows that the effect of all these species additions
is to dramatically reduce the slope of the curve for the rela-
tionship between numbers of species and mountain area.
Lawlor (1998) convincingly argues that both colonization
and extinction have shaped these faunas, an argument I have
made as well (Grayson and others, 1996; see also Lomolino
and Davis, 1997).  That is, we now know that the montane
mammals central to Brown’s analysis are far more wide-
spread than was once thought, and that the mountains them-
selves are, for at least some mammals in some places, less
isolated than was once thought.  These discoveries have sig-
nificant implications for the management of Great Basin
small mammal habitats, as I discuss below.

CHAPTER SEVEN

The Homestead Cave Mammals
by

Donald K. Grayson



The Homestead Cave mammalian fauna was clearly rel-
evant to addressing these issues.  It promised, and has deliv-
ered, a remarkably precise record of small mammal arrivals
and departures in the Homestead Knoll area over the last
11,300 years.  Some of these comings and goings are not sur-
prising.  Some, however, are.  Indeed, what I had at one time
thought quite unlikely to be accomplished - the detection of
both the local extinction of, and the subsequent recoloniza-
tion by, a small “montane” mammal - has been made pos-
sible by the precision and size of the Homestead Cave mam-
malian fauna (Grayson, 1993).

As much as I was intrigued by these issues, I was also
intrigued by another.  Climatic modelers have actually sug-
gested that the early Holocene was not only warm, but that it
was warmer than the middle Holocene (see Thompson and
others, 1993).  These arguments notwithstanding, an ex-
tremely broad set of paleoclimatic indicators show that the
middle Holocene in the Great Basin was, in general, both
warm and dry.  Consistent with this view, derived largely
from lake level and paleovegetational histories, is the fact
that a wide variety of small mammals characteristic of cool
and moist habitats decline in abundance, or become locally
extinct, in the Great Basin between about 8 and 7 ka (see the
review in Grayson, 1993).

No concomitant change in small mammal distributions
or abundance has been detected in Great Basin mammalian
faunas as the middle Holocene ended between about 5 and 4
ka (Grayson, 1993).  One implication of this asymmetry is as
clear as it is obvious: the end of the early Holocene was, from
at least the standpoint of mammals, far more dramatic than
was the end of the middle Holocene.  Nonetheless, the well-
accepted view of the middle Holocene as generally much
hotter and drier than what came before and after suggests that
there had to have been a detectable mammalian response.  In
1993, I argued that the fact that “we have yet to detect this
response in any convincing way very probably reflects the
fact that the mammal sequences now available from the
Great Basin for the period from about 5.5 to 3.5 ka are not
sensitive enough to tell us what the changes in mammalian
distribution and abundance were at this time” (Grayson,
1993, p. 221).  The Homestead Cave fauna promised to, and
did, address this issue as well. 

ANALYTICAL CHOICES

The mammalian faunal sample retrieved from Home-
stead Cave is of almost overwhelming size.  Although, as I
will discuss, I did not identify all specimens from all units, I
have identified 183,798 mammal bones and teeth to at least
the genus level from the 6.3 mm and 3.1 mm sample frac-
tions (see chapter three).  This represents the most substan-
tial late Pleistocene and Holocene mammal sequence ever
identified from the Great Basin.  The magnitude of the labo-
ratory work required by the size of the Homestead Cave
mammalian fauna meant that not all of it could be identified,
a situation exacerbated by unexpected funding limitations.
There were several possible solutions to this problem, and
different members of the Homestead Cave analytic team met
the challenge in different ways.  Broughton (chapter nine)
emphasized the analysis of the fishes from the deepest
deposits of the site.  Livingston (chapter eight) examined the
birds from all strata, but emphasized the analysis of material

from the 6.3 mm sample.
I chose a different approach.  I identified every specimen

I could identify to at least the genus level from both the 6.3
mm and 3.1 mm screen samples.  This decision was made
because one of the prime strengths of the Homestead Cave
mammal sample is its size.  Analyses could finally be done
that would likely avoid the kind of quantitative problems,
including the detection of rare taxa, that often attend the
analysis of fossil and subfossil mammal sequences in the
Great Basin and elsewhere.  I also decided to begin at the
bottom of the sequence and work upwards.  When funding to
analyze the uppermost units in the site became available,
attention shifted to those units.  Accordingly, the mammal
sequence now available for Homestead Cave is strongest for
the earliest and latest stratigraphic units represented.  This
process resulted in the identification of the mammals from
both the 6.3 mm and 3.1 mm sample fractions for 14 of the
18 stratigraphic units, with a substantial gap in the late
Holocene record (table XV).  In addition, the kangaroo rats
(Dipodomys spp.) have been identified from a single stratum
(X) that is otherwise unanalyzed.  Little has been done with
the remaining assemblages from the remaining strata, and
these are not discussed here.

It is also essential to realize what “identified” means in
this context.  For the same reasons that led to the exclusion
of certain strata from the analysis (essentially those that were
not reached as I worked my way up or down the column),
certain taxa were excluded from detailed study in order to
expedite analysis of the remaining material.  No attempt was
made to identify the sample of bats present in the fauna, and
deer mice (Peromyscus spp.) were identified only to the
genus level.  Homestead Cave also provided a small assem-
blage of shrews in the collection; these are being analyzed
separately and will be reported elsewhere.

TAPHONOMIC ISSUES

As discussed elsewhere in this volume, the Homestead
Cave fauna accumulated largely as a result of the use of the
cave by owls (see chapters two, eight and nine).  The deposits
contain numerous owl pellets, both fragmentary and whole,
and many isolated mammal bones and teeth, regardless of
their age, have remains of these pellets adhering to them.  As
a result of this mode of accumulation, almost all of the mam-
mal specimens from the site are from small species, and these
species are represented by nearly all parts of the skeleton.

Both artiodactyls and large carnivores are accordingly
rare in these deposits, and the specimens of these taxa that
are present primarily represent small elements from the dis-
tal regions of the skeleton (tables XVI and XVII).  Coyotes
(Canis latrans), wolves (Canis lupus), bobcats (Lynx rufus)
and bears (Ursus americanus) are represented by a total of
only 24 identified specimens, of which 19 are phalanges.
Artiodactyls are represented by only 22 specimens, of which
16 are carpals, phalanges, or fibulae.  In contrast, the small-
er carnivores tend to be represented not simply by greater
numbers of specimens, but by a far wider variety of skeletal
elements, as table XVIII, which presents data for Mustela
frenata, shows.  These differences in skeletal representation
suggest that the mechanisms that introduced the larger and
smaller mammals into Homestead Cave were not identical.
In particular, many of the small elements of larger carnivores
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and artiodactyls may have been introduced into the site by
woodrats (Neotoma spp.).

Homestead Cave saw only limited human occupation
(chapters three, four, and six), and there is no suggestion that
any aspect of the vertebrate record in this site can be attrib-
uted to human activities.  There is also very little evidence
that larger mammalian carnivores were responsible for intro-
ducing significant numbers of specimens into Homestead
Cave or altering specimens that had been introduced in other
ways.  The evidence that does exist for carnivore involve-
ment is limited to three gnawed artiodactyl phalanges, one
each from strata IV, VII, and IX.

There is some suggestion from the ground squirrel com-
ponent of the Homestead Cave fauna that accumulation
mechanisms did change during the history of the site.  Both
Ammospermophilus leucurus and Spermophilus mollis (= S.
townsendii) increase steadily in representation in the fauna
through time (figure 50).  Both of these species are diurnal,
and it is possible that the increase in ground squirrel repre-
sentation reflects an increase in the use of the cave by a diur-
nal avian predator, of which the short-eared owl (Asio flam-
meus) is perhaps the most likely candidate.  Even though this
is the case, there is no trend toward increasing representation
of diurnal avian raptors in the Homestead Cave fauna, as Liv-
ingston (chapter eight) notes.  There is also no relationship
between the relative abundance of ground squirrels in the
mammalian fauna and of Asio sp. in the avian fauna here.  It
is unlikely that this rise reflects changing seasonal use of the
cave by predators, since both species rise in concert, even
though S. mollis is today active only during a restricted part
of the year while A. leucurus is active year-round (Rickart,
1982, 1987; Belk and Smith, 1991).  

It may well be that the changing ratios of A. leucurus to
S. mollis through time at Homestead Cave are of biogeo-
graphic and paleoclimatic significance.  However, the chang-
ing relative abundance of ground squirrels across strata at
Homestead Cave is significantly correlated with the ratio of
Ammospermophilus leucurus to Spermophilus mollis within
those strata (figure 51). Since this may simply reflect alter-
ations in the ways in which the Homestead Cave fauna accu-
mulated, these species are not further analyzed here.

DESCRIPTIVE SUMMARY AND
IDENTIFICATIONS

The numbers of identified specimens per taxon by
Homestead Cave stratum are presented in table XV (unless
otherwise indicated, taxonomic nomenclature follows Wil-
son and Reeder, 1993).  These are the basic data used in the
analyses presented below.

I do not present standard counts of identified skeletal
parts by taxon and stratum of the sort presented for tapho-
nomic purposes in tables XVI through XVIII.  It is not prac-
tical to do so, given the size of the collection and both the
number of taxa and number of strata involved.  The relevant
data have been archived in electronic form at the Utah Geo-
logical Survey and are thus readily available.  With few
exceptions, all species-level identifications are based on
skulls, mandibles and teeth.  The exceptions involve the car-
nivores, artiodactyls, leporids, marmots (Marmota flaviven-
tris) and muskrats (Ondatra zibethicus), for which both cra-

nial and postcranial elements were identified.  Specimens
identified as Neotoma cf. cinerea and Neotoma cf. lepida
also include both cranial and postcranial elements; these
were assigned primarily on the basis of size.  The criteria
used for the more challenging identifications are in general
the same as those described by Grayson (1983, 1985, 1988).
A few taxa, however, require more detailed comment.

Mustela erminea

Skeletal remains of Mustela frenata and M. erminea can
be difficult to distinguish from one another in the absence of
complete skulls (Guilday, 1969; Heaton, 1985).  Skeletally,
the two species are quite similar to one another, and female
M. frenata overlap male M. erminea in size.  Nonetheless, I
have assigned four postcranial specimens from Stratum I to
M. erminea.  These include a complete left tibia (maximum
length = 2.56 cm), a complete left humerus (maximum length
= 2.00 cm), a partial right scapula (height at glenoid = 0.29
cm) and a partial right maxilla retaining P3, P4 and M1 (P3-
M1 alveolar length = 0.53 cm).  All are smaller than the cor-
responding elements of M. frenata in the substantial compar-
ative series available to me and are indistinguishable from
those of M. erminea.

Thomomys talpoides

The two specimens assigned to T. talpoides are nearly
complete skulls from Stratum I, identified using the criteria
discussed by Thaeler (1980).  All later strata contain only  T.
bottae, identified either on the basis of their distinctive cra-
nial morphology, or on the basis of the morphology of P4.

Dipodomys microps and D. ordii

Kangaroo rats (Dipodomys spp.) are by far the most
abundant mammal in the faunal assemblage: 59.1% of the
identified specimens (104,764/177,197, excluding Stratum
X, for which only kangaroo rats were identified) pertain to
this genus.  A total of 8393 specimens were identified to the
species level, as either D. microps (8060) or D. ordii (333).
These identifications were based almost entirely on two cri-
teria: differences in the morphology of the lower incisors,
and differences in the morphology of the masseteric ridge of
the mandible.  The morphology of the lower incisors of these
species is discussed below (see Selected Faunal Histories),
and here I note simply that these distinctive morphologies are
also registered on the ventral surface of the incisive housing
of the mandible (broad and flattened in D. microps, narrow
and rounded in D. ordii).  The anterior extension of the mas-
seteric ridge of the mandible is far less rugose and is situat-
ed more ventrally in D. microps than in D. ordii.  The anteri-
or end of this ridge also tends to curve lingually to a point
beneath the anterior face of P4 in D. ordii, while the anterior
termination of the masseteric ridge in D. microps tends to
occur on the buccal wall of the mandible.  These differences
presumably reflect the very different dietary adaptations of
these animals (Kenagy, 1972, 1973). There are other distinct
differences in the morphology of the anterior end of the
mandible that distinguish these species, but specimens that
are sufficiently complete to show these differences are also
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Table XVI
Skeletal representation of larger carnivores

within Homestead Cave

Taxon Stratum Elements Represented

Canis latrans XI 1 distal radius, 2 phalanges
IX 3 phalanges
VI 1 tooth (M2), 1 metacarpal,

1 metatarsal, 3 phalanges
V 1 phalanx
IV 1 phalanx

Canis lupus XI 1 phalanx
Lynx rufus IX 1 phalanx

VII 1 phalanx
VI 5 phalanges
IV 1 tooth (P4)

Taxidea taxus XVI 1 metatarsal
XII 1 tooth (P4), 1 scapula,

1 metacarpal, 2 carpals,
1 distal tibia

XI 1 proximal humerus,
1 metacarpal, 1 tarsal

IX 1 phalanx
VIII 1 premaxilla
VI 1 distal metapodial, 1 phalanx
IV 1 tarsal

Ursus americanus IV 1 phalanx

Table XVII
Skeletal representation of artiodactyls within

Homestead Cave

Taxon Stratum Elements Represented

Antilocapra americana XVIII 1 phalanx
XVII 1 tooth (P3), 1 carpal
XI 1 phalanx
IX 1 phalanx
VIII 1 carpal
VII 1 phalanx
VI 1 phalanx
V 1 phalanx
III 1 tooth (P2)
I 1 tooth (molar fragment)

Odocoileus cf. hemionus IX 1 distal radius
VII 1 tooth (P2), 1 fibula
VI 1 carpal
IV 1 carpal

Ovis canadensis XI 1 carpal, 1 fibula
IX 1 carpal
IV 1 tooth (molar fragment), 

1 carpal,1 phalanx
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Figure 50. Increasing relative abundances of ground squirrels (Ammospermophilus and Spermophilus) through time at Homestead Cave.  The num-
bers above the bars provide the total number of specimens identified as either Ammospermophilus or Spermophilus.  All ages in this and subsequent
figures are in 14C yr.



sufficiently complete to be diagnosed using the criteria I
have just described.

Lemmiscus (=Lagurus) curtatus and Microtus sp.

The identification of arvicolines in general, and of Lem-
miscus and Microtus in particular, was based entirely on

nearly complete skulls, and on M3 and M1.  I also relied on
the location of the mandibular foramen to distinguish
between mandibles of Lemmiscus and Microtus (Grayson,
1983).  The dental criteria employed are thoroughly discus-
sed by Barnosky and Rasmussen (1988) and Repenning (1992).
No attempt was made to identify species of Microtus.

Neotoma cinerea and N. lepida

My identifications of Neotoma cinerea and Neotoma
lepida specimens were based on maxillary and mandibular
alveolar lengths, on occlusal lengths of M1 and M1, M2, and
M3, and on the morphology of M1.  T-tests between the
measurements of paleontological specimens and those taken
from modern comparative series were used to assign the Home-
stead Cave specimens to species.  This procedure has been
discussed in detail elsewhere (Grayson, 1983, 1985, 1988);
these earlier publications also provide the measurements of
the modern comparative material used in this approach.

This method assigns specimens to species on the basis of
size for all but one element.  As a result, the measurements
themselves provide the means by which specimens were
identified. The one exception is provided by M1, which can
be identified on the basis of the depth of the anterointernal
reentrant angle (shallow in N. lepida, deep in N. cinerea: see
Hall 1981).  Smith (1991) has shown that, compared to N.
lepida, N. cinerea incorporates a higher component of
fibrous plant material into its diet, and it is possible that the
greater complexity of the M1 of N. cinerea has evolved to
provide more enamel surface for the processing of fibrous
material.

Since M1 can be identified independently of measure-
ments, the accuracy of occlusal lengths in identifying the
Homestead Cave N. lepida and N. cinerea can be assessed by
comparing measurement-based and morphology-based as-
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Figure 51. Relationship between ground squirrel relative abundance and the ratio of Ammospermophilus and Spermophilus at Homestead Cave.

Table XVIII
Skeletal representation of Mustela frenata within

Homestead Cave

Stratum Elements Represented

XVIII 1 tarsal

XVII 2 scapulae, 1 tibia, 2 tarsals

XVI 1 innominate, 1 femur, 1 tibia, 1 tarsal
XII 4 skull fragments (1 maxilla, 3 occipitals), 1 scapula, 

2 ulnae, 1 innominate, 1 femur

XI 1 mandible, 1 tooth (M1), 2 innominates, 2 tibiae

IX 4 mandibles, 1 humerus, 1 femur, 1 tibia, 1 tarsal

VIII 1 scapula

VII 1 mandible, 1 ulna, 1 innominate

VI 1 mandible, 1 tibia

V 1 mandible, 1 tooth (P4)
IV 1 skull fragment (occipital), 2 mandibles, 2 teeth 

(Ml, Ml), 1 scapula, 1 innominate, 1 femur, 2 tibiae
II 1 skull fragment (bulla), 1 scapula, 1 humerus, 

1 ulna, 2 tarsals
I 2 teeth (P4, Ml), 4 mandibles, 1 scapula, 4 humeri,

1 radius, 5 ulnae, 2 innominates, 2 tibiae 



signments.  Table XIX presents the occlusal lengths of all
measurable Neotoma M1s that were identified as either
Neotoma cinerea (81) or Neotoma lepida (1130) on the basis
of morphology alone (an additional 77 measurable speci-
mens have anterointernal reentrant angles that do not allow
unambiguous assignment and are not included in this table).
Only 12 of these 1211 specimens have occlusal lengths in-
consistent with the taxonomic affiliation indicated by their
morphology (table XX), a failure rate (of either morphology
or occlusal length) of about 1% (12/1211 = 0.0099).  Occlu-
sal lengths thus seem to provide an accurate means of distin-
guishing between these two species.

Those M1s whose occlusal lengths and morphology pro-
vided conflicting identifications have been assigned to
Neotoma sp.  First upper molars that fall within the area of
statistical overlap between N. cinerea and N. lepida have
been assigned to species on the basis of their morphology.
Summary statistics that result from these assignments are
provided in table XXI.  Other measurable Neotoma maxillae,
mandibles and teeth that could not be assigned to species on
the basis of alveolar or occlusal lengths have been assigned
to Neotoma sp.

The Stratum I Neotoma sp. Skull

In addition to these Neotoma specimens, there is a single
partial Neotoma skull (Homestead Cave Neotoma 6.3 mm
fraction specimen 22-2) from Stratum I that shows a combi-
nation of characteristics that I have not observed in any
species of Neotoma (figure 52).  The general morphology
and size of this skull are consistent with Neotoma cinerea,
including the absence of a sphenopalatine fissure.  Unlike
most skulls of Neotoma cinerea that I have seen, however,
this specimen is marked by a palate with an anterior border
that extends well anterior to the anterior border of M1, to a
point midway between the anterior and posterior borders of
the maxillary branch of the zygomatic arch.  This condition
is not, in itself, unknown in Neotoma cinerea (see Smith,

1997, figure 2 for a similar palatal extension).  However, the
Homestead Cave specimen also has a maxillary alveolar
length (0.85 cm) that is both significantly smaller than that of
Neotoma cinerea (t = -3.99, p < 0.01), but well within the
range of that of N. lepida (t = +0.84, p > 0.10).  The ratio of
palate length (1.11 cm) to alveolar length shown by this spec-
imen is distinctly different from that of N. cinerea (figure
53).  No other specimen of N. cinerea in the Homestead Cave
collection shows this combination of characteristics.  It could
well be that this specimen represents an aberrant N. cinerea,
which it otherwise resembles strongly.

Pitymys sp.?

A single arvicoline right M1 (figure 54) is marked by the
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Table XIX
Summary statistics for occlusal lengths of Neotoma first upper molars

identified morphologically

Neotoma lepida Neotoma cinerea

Stratum Range Mean SD N Range Mean SD N

XVIII 2.84-3.01 2.927 0.085 3
XVII 2.69-3.37 3.031 0.139 100 2.99-3.24 3.153 0.142 3
XVI 2.64-3.34 3.080 0.152 26 3.11-3.16 3.135 0.035 2
XII 2.70-3.31 2.992 0.129 121
XI 2.60-3.33 3.007 0.135 60
IX 2.62-3.44 3.026 0.141 156
VIII 2.80-3.43 3.059 0.130 50
VII 2.78-3.62 3.051 0.149 97
VI 2.68-3.39 3.019 0.125 158
V 2.58-3.36 3.023 0.134 51 3.21 1
IV 2.58-3.36 3.003 0.146 269 3.34-3.83 3.478 0.200 5
III 2.70-3.22 2.945 0.121 22 3.08-3.61 3.363 0.181 8
II 2.64-3.46 2.853 0.202 15 3.19-3.81 3.485 0.163 28
I 3.13-3.29 3.210 0.113 2 3.01-3.88 3.457 0.179 34
TOTAL 1130 81

Table XX

Neotoma first upper molars differentially classified
by occlusal length and morphology

Identification
Specimen*      Occlusal Length Occlusal Morphology

(mm) Length

6-288 2.99 N. lepida N. cinerea
22-109 3.01 N. lepida N. cinerea
16-009 3.08 N. lepida N. cinerea
30-69 3.11 N. lepida N. cinerea
30-115 3.16 N. lepida N. cinerea
17-98 3.19 N. lepida N. cinerea
17-100 3.20 N. lepida N. cinerea
20-35 3.43 N. cinerea N. lepida
11-148 3.44 N. cinerea N. lepida
17-298 3.46 N. cinerea N. lepida
12-260 3.50 N. cinerea N. lepida
12-93 3.62 N. cinerea N. lepida

*The first number of the specimen number provides the Feature, and thus
the Stratum, for the specimen in question; for example, 6-33 comes from F 6,
or Stratum XVII (see chapters three and four).



presence of fully confluent primary wings separated from
both triangle 3 and the secondary wings by deep buccal and
lingual reentrant angles (see Barnosky and Rasmussen, 1988,
and Repenning, 1992 for terminology and a discussion of
arvicoline dentition).  Buccal reentrant angle 4 and lingual
reentrant angle 5 are shallow; Repenning’s dimension A-A′
is large.  This complex of characters strongly suggests that
this specimen is of Pitymys (this taxon is often treated as a
subgenus of Microtus; Wilson and Reeder, 1993 place all
Pitymys within Microtus).  Geographically, the closest mem-
ber of this genus is the prairie vole, Pitymys ochrogaster,
which today occurs no closer than the eastern front of the
Rocky Mountains (Stalling, 1990).  The genus has not been
reported from any 14C-dated fauna west of the Rocky Moun-
tains (Graham and Lundelius, 1994), and, as Repenning
(1992, p. 73) has observed, “appears always to have had an
eastern distribution within the eastern region of the United
States.”
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Figure 52. Stratum I Neotoma sp. skull (Homestead specimen 22-2,
6.3 mm sample).  Scale bar = 5 mm.

Figure 54. Stratum I lower first
molar tentatively identified as
Pitymys sp.  Scale bar = 1 mm.

Table XXI
Summary statistics for occlusal lengths of Neotoma first upper molars assigned

to Neotoma lepida and Neotoma cinerea using both morphology and occlusal length

Neotoma lepida Neotoma cinerea
Stratum Range Mean SD N Range Mean SD N
XVIII 2.84-3.01 2.927 0.085 3
XVII 2.69-3.37 3.026 0.138 114 3.23-3.24 3.235 .007 2
XVI 2.64-3.34 3.066 0.150 29
XII 2.70-3.31 2.988 0.130 127
XI 2.60-3.33 3.001 0.135 64
IX 2.62-3.34 3.025 0.137 158
VIII 2.80-3.30 3.047 0.121 51
VII 2.78-3.38 3.036 0.128 103
VI 2.68-3.39 3.017 0.123 174
V 2.58-3.36 3.023 0.134 51 3.21 1
IV 2.58-3.36 3.000 0.146 276 3.34-3.83 3.510 .195 6
III 2.70-3.22 2.945 0.121 22 3.21-3.61 3.406 .141 8
II 2.64-3.03 2.806 0.109 16 3.27-3.81 3.518 .150 29
I 3.13-3.29 3.210 0.113 2 3.26-3.88 3.473 .161 34
TOTAL 1190 80

Figure 53. Relationship between palate and alveolar lengths in
Homestead Cave Neotoma specimen 22-2 (triangle) and a series of 52
modern Neotoma cinerea specimens from western North America
(dots).



There are three possible explanations of this specimen in
the late Pleistocene deposits of Homestead Cave.  First, there
is some slim possibility that it was transported here from east
of the Rocky Mountains by a wayward owl.  Second, it is
possible that Pitymys existed in the Homestead Knoll area
during the late Pleistocene.  Third, given the great variabili-
ty of arvicoline teeth and given that there is only one speci-
men in the Homestead Cave fauna that shows this morphol-
ogy, it is possible that this specimen pertains to some other
member of the subfamily.  Here, I simply report the presence
of this specimen and provide an illustration of it (figure 54).

Lepus californicus and L. townsendii

Skeletal elements of the various species of Lepus are
notoriously difficult to identify accurately.  Indeed, of 7637
Lepus specimens from Homestead Cave, I have identified
only 22 to the species level.  These 22 specimens, all from
Strata I and II, are crania that retain the supraorbital process
and associated frontals, and all were identified on the basis of
the morphology of this region of the skull (see Orr, 1940).
The 20 specimens of Lepus townsendii identified in this way
are quite large, and are thus consistent with L. townsendii in
size as well.  Purdue (1980), however, has appropriately crit-
icized the use of size as a means of identifying L. townsendii
from late Pleistocene and early Holocene contexts, and size
played no role in my assignment of these specimens.

Sylvilagus audubonii and S. nuttallii

I identified only two skeletal elements of Sylvilagus to
the species level: the supraoccipital shield, generally pointed
in S. nuttallii and truncated in S. audubonii (Hoffmeister,
1986, p. 130), and the P3, following the criteria outlined by
Dalquest and others (1989).  All but 25 of the 156 specimens
identified in this fashion are lower third premolars (table
XXII).

The degree of crenulation shown by the enamel that
forms the anterior wall of the posterobuccal reentrant of the
lower third premolar of Sylvilagus is quite variable, as Dal-
quest and others (1989) have observed (see also Ruedas,
1998).  In S. nuttallii this enamel tends to be uncrenulated
(42 of 44 specimens examined by them), while the equiva-
lent enamel in S. audubonii tends to be moderately to strong-
ly crenulated (42 of 50 specimens examined by them).  As
Dalquest and others (1989) discuss, these differences allow
statements to be made concerning the probable species affil-
iation of isolated specimens.  My own observations of a large
series of S. audubonii and S. nuttallii specimens in the Utah
Museum of Natural History provided results that mirror their
conclusions.

In making assessments using these criteria, I assigned
lower third premolars to S. audubonii if they were heavily
crenulated, and to S. nuttallii if they lacked crenulation; those
intermediate in this regard were identified as Sylvilagus sp.
The results of this process are shown in figures 55 (S. nuttal-
lii) and 56 (S. audubonii).  Given their habitat preferences --
S. nuttallii in cooler, moister settings, S. audubonii in
warmer, drier ones -- my strong expectation was that the for-
mer would be the abundant cottontail during the early
Holocene, the latter during the middle and late Holocene.

While this expectation is to some extent met by the faunas of
Strata I and II, which are dominated by S. nuttallii, there is
little evident trend in these graphs after that time.  It is pos-
sible that both cottontails have been present in this area dur-
ing much of the Holocene.  However, it is also possible that
the probabilistic nature of these identifications coupled with
the relatively small sample involved has provided me with
results that are relatively meaningless.  I do not consider
them further here.

PALEOCLIMATIC IMPLICATIONS OF THE
HOMESTEAD CAVE MAMMALIAN FAUNA

The paleoclimatic implications of the Homestead Cave
mammalian fauna are best derived from analysis of the his-
tories of a group of environmentally sensitive taxa that are
well represented in the fauna.  I first discuss these histories
and then discuss their broader implications. 

Selected Faunal Histories: 1. Kangaroo Rats

I begin with the local histories of two species of kang-
aroo rats, the chisel-toothed kangaroo rat (Dipodomys
microps) and Ord’s kangaroo rat (D. ordii).  The aptly named
chisel-toothed kangaroo rat is characterized by the fact that
the anterior faces and tips of the lower incisors of this rodent
are flattened, or chisel-shaped.  In this, they are distinctly dif-
ferent from the rounded and pointed, or awl-shaped, lower
incisors of Ord’s kangaroo rats.  Some years ago, Kenagy
(1972, 1973; see also Garrison and Best, 1990) demonstrat-
ed that D. microps uses these incisors to shave off the hyper-
saline external surfaces of Atriplex leaves, then consumes the
palatable inner portions of those leaves.  In contrast,
Dipodomys ordii is primarily a granivore and is often found
associated with habitats in which sagebrush is common
(Hayssen, 1991).  Indeed, in his analysis of the spatial rela-
tionships within the rodent community of Warm Springs Val-
ley, west-central Nevada, O’Farrell (1980) found little spatial
overlap between these two species, with D. microps restrict-
ed to habitats dominated by shadscale.  This is not to say that
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Table XXII
Sylvilagus supraoccipital shields identified to the

species level from Homestead Cave

Stratum Taxon N
XVI S. nuttallii 1
XII S. nuttallii 1
VII S. nuttallii 1
VI S. nuttallii 1
V S. audubonii 1

S. nuttallii 1
IV S. audubonii 2

S. nuttallii 2
III S. audubonii 1
II S. audubonii 2

S. nuttallii 6
I S. nuttallii 6
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Figure 56. Changing proportions of Audubon’s cottontails at Homestead Cave.  The numbers above the bars provide the total number of specimens
identified as S. audubonii.

Figure 55. Changing proportions of Nuttall’s cottontails at Homestead Cave.  The numbers above the bars provide the total number of specimens
identified as S. nuttallii.
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D. microps cannot exist in habitats that lack Atriplex, or that
D. ordii cannot exist in habitats in which Atriplex is common.
It is, however, to say that when both taxa are present, D.
microps will tend strongly to be found in Atriplex habitats,
and D. ordii in habitats marked by other plant associations,
including those dominated by Artemisia.

Figure 57 provides the ratio of D. microps to both D.
microps and D. ordii through time at Homestead Cave, and
shows that the late Pleistocene and early Holocene faunas of
this area were marked by abundances of D. ordii that have
not been seen here since.  Figure 58 presents the same data
in terms of the ratio of D. microps to D. ordii and shows that
the middle Holocene, particularly between about 7 and 5 ka,
had elevated proportions of D. microps compared to what
came before and after.  This history strongly suggests the
progressive replacement of sagebrush by shadscale vegeta-
tion during the early Holocene in the Homestead Knoll area,
as well as a middle Holocene peak in xericity here. 

It is also possible to take a broader view of the history of
Dipodomys in the Homestead Knoll area.  While D. ordii and
D. microps may have different environmental implications,
they are both kangaroo rats, and kangaroo rats in general are
extremely well-adapted to arid habitats (French, 1993).  As a
result, changing relative abundances of kangaroo rats
through time in the Homestead Cave fauna should provide a
clear indication of local desertification.  Indeed, as figure 59
shows, kangaroo rats provided a relatively small proportion
of the late Pleistocene fauna at Homestead Cave.  During the
early Holocene, kangaroo rats became increasingly abun-
dant; soon after 8.3 ka (Stratum IV), they began to comprise
over half of the identified mammal fauna.  By about 6.2 ka
(Stratum VII), they began to contribute more than two-thirds
of the specimens of each stratum and, in the analyzed units,
never fall beneath this fraction.

Given that the increasing relative abundance of D. mi-
crops appears to track decreasing abundance of big sage, and
that increasing abundance of kangaroo rats in general indi-
cate increasing aridity, I also observe that the proportion of
each stratum’s fauna that is contributed by kangaroo rats is
very tightly correlated with the proportion of that stratum’s
kangaroo rat fauna that is contributed by D. microps (figure
60).

Selected Faunal Histories: 2. Pygmy Rabbits

It might be argued that environmental changes other than
a replacement of sagebrush by shadscale vegetation might
have driven the changing abundances of D. ordii document-
ed by the Homestead Cave fauna.  After all, D. ordii does not
require Atriplex in its diet.  However, the history of pygmy
rabbits (Brachylagus idahoensis) at Homestead Cave would
seem to make sense in no other way.

Pygmy rabbits are heavily dependent on dense stands of
big sagebrush (Artemisia tridentata), both for food (pygmy
rabbit winter diets may be composed of almost nothing else)
and as locations for their burrows (Green and Flinders, 1980;
Wiess and Verts, 1984; Dobler and Dixon, 1990; Katzner and
Parker, 1997).  Today, pygmy rabbits are found in the sage-
brush valleys of the northern two-thirds of the Great Basin
and on the immediately adjacent Columbia Plateau, albeit in
declining numbers.  There is also an isolated, and endan-

gered, set of populations in eastern Washington.  The latest
Quaternary history of these mammals is reasonably well
known.  In the late Pleistocene, they were found as far south
as central New Mexico (Harris, 1985), as well as outside
their modern distribution in eastern Washington (Lyman,
1991).  Within the Great Basin and adjacent Columbia
Plateau, they are known to have undergone two separate
declines in abundance, one at about 10 ka, and a second at
the onset of, or during, the middle Holocene (Grayson,
1993).  Both of these declines appear to be associated with
declines in abundance of Artemisia tridentata (see the review
in Grayson, 1993).

The record for pygmy rabbits at Homestead Cave is clear
(figure 61).  These animals were common in the Homestead
Knoll area during the late Pleistocene and were clearly pres-
ent during the early Holocene, but declined rapidly and had
become locally extinct, or nearly so, by 8.3 ka.  There is no
secure evidence to suggest that pygmy rabbits have been in
the Homestead Knoll area during the past 7000 years or so.
Given the tight association between pygmy rabbits and dense
stands of tall sage, it again appears extremely likely that
Artemisia tridentata began a substantial decline in this area
after about 10 ka, and that soon after 8.3 ka, there were insuf-
ficient stands of big sage to support populations of these ani-
mals.  This record is fully consistent with other paleontolog-
ical pygmy rabbit data, and is also fully consistent with the
local history for Dipodomys ordii provided by Homestead
Cave.

Selected Faunal Histories: 3. Voles

Most species of Microtus occupy grassy habitats and live
in cool environments.  Indeed, these animals show poor abil-
ity to thermoregulate at high temperatures, and no species of
Microtus is restricted in distribution to arid areas.  Within the
modern Great Basin, even Microtus longicaudus, which is
least tied to moist habitats, is more common in cooler,
moister settings than in warmer, drier ones (Getz, 1985; Rose
and Birney, 1985; Wunder, 1985).

Microtus is common in the late Pleistocene and early
Holocene deposits of Homestead Cave (figure 62).  Its num-
bers dwindled dramatically after 8.3 ka, and it has clearly
been uncommon in this area for the last 7000 years.  Much
the same is true for Lemmiscus curtatus (figure 63).  Sage
voles are, as the name suggests, often associated with habi-
tats dominated by stands of tall sagebrush, usually big sage
(Artemisia tridentata), and grasses, though they can also be
found in communities in which the dominant shrub is rabbit-
brush (Chrysothamnus spp.) as well as in habitats dominated
by grasses alone.  Within these habitat parameters, there is
also some suggestion that sage vole numbers are highest in
settings marked by relatively warm winters coupled with
cool and moist summers (Hall, 1946; Maser, 1974; Carroll
and Genoways, 1980).  These animals seem to be able to
meet their moisture requirements through the ingestion of
green vegetation, and surface moisture is clearly less critical
for them than it is for most species of Microtus.

In short, Lemmiscus curtatus is most abundant in habi-
tats dominated by Artemisia tridentata and grasses in con-
texts marked by relatively cool summers.  These modern
habitat preferences likely account for the strong similarity
between the Homestead Cave histories of this animal and
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Figure 57. Changing proportions of the kangaroo rat fauna contributed by D. microps at Homestead Cave.  The numbers above the bars provide the
total number of Dipodomys specimens identified as either D. microps or D. ordii. This figure includes Stratum X, for which only the kangaroo rats
were identified.

Figure 58. Changing proportions of D. microps to D. ordii at Homestead Cave.  The numbers above the bars provide the total number of Dipodomys
specimens identified as either D. microps or D. ordii.  This figure includes Stratum X, for which only the kangaroo rats were identified.
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Figure 59. Changing relative abundances of Dipodomys compared to all identified mammals at Homestead Cave.  The numbers above the bars pro-
vide the total number of specimens identified as Dipodomys.  Stratum X is not included in this graph.
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Figure 60. Relationship between the relative abundances of Dipodomys and the proportion of the kangaroo rat fauna contributed by D. microps at
Homestead Cave.
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Figure 62. Relative abundances of Microtus sp. at Homestead Cave.  The numbers above the bars provide the total number of specimens identified
as Microtus sp.

Figure 61. Changing relative abundances of pygmy rabbits at Homestead Cave.  The numbers above the bars provide the total number of identified
Brachylagus idahoensis specimens.
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that of Brachylagus idahoensis (compare figures 61 and 63).
Both were most abundant during the latest Pleistocene in the
Homestead Knoll area, both continued to be present during
the early Holocene, and both saw their numbers fall dramat-
ically in this area as the early Holocene came to an end at
about 8.3 ka

Selected Faunal Histories: 4. Pocket Mice

Figure 64 shows the conjoined histories of two of the
three species of pocket mice represented in the Homestead
Cave fauna: the little pocket mouse, Perognathus longimem-
bris, and the Great Basin pocket mouse, P. parvus (the long-
tailed pocket mouse, Chaetodipus formosus, is the third
species).  Perognathus longimembris is common in the val-
leys and on the lower mountain slopes of the Great Basin and
often co-occurs with P. parvus.  The latter, however, ranges
into altitudes far higher than those tolerated by the little
pocket mouse.  Hall (1946), for instance, noted that the high-
est elevation from which P. longimembris had then been
taken in Nevada was 1981 m, but that P. parvus routinely
occupies higher elevation habitats, for instance, at 3048 m on
Mt. Grant in central Nevada.  Perognathus parvus is also
found well into British Columbia, but the little pocket mouse
exists no farther north than southeastern Oregon (Hall,
1981).

Given what I have already said about the faunal seq-
uence at Homestead Cave, it is perhaps no surprise that P.
parvus is the abundant pocket mouse in the late Pleistocene

deposits of Homestead Cave, and that P. longimembris is not
present in the fauna at this time.  The little pocket mouse first
appears in Stratum II, sometime after 10 ka.  In comparison
with P. longimembris, P. parvus remains fairly common
through the early Holocene.  However, it becomes rare dur-
ing the early centuries of the middle Holocene, appears to
have become locally extinct between about 6 and 2 ka, and
does not reappear until late prehistoric times.

Selected Faunal Histories: 5. Woodrats

Neotoma lepida is the woodrat found in the lower eleva-
tions of much of the Great Basin, while N. cinerea tends to
occupy the mountains and the more northerly high valleys of
the region.  In addition, Neotoma cinerea ranges as far north
as the Northwest Territories, while N. lepida extends no fur-
ther north than central Oregon (Hall, 1981).  Today, as I dis-
cuss below, both species are found on Homestead Knoll
(Grayson and others, 1996).

Neotoma cinerea was the dominant woodrat in the
Homestead Knoll area during the late Pleistocene and
remained common through much of the early Holocene (fig-
ure 65).  After about 8300 yr B.P., it underwent a dramatic
decline and Neotoma lepida became, and has remained, the
numerically dominant woodrat in the Homestead Knoll area.
Indeed, the Homestead Cave faunal record strongly suggests
that bushy-tailed woodrats had become locally extinct by no
later than 5 ka, and perhaps significantly before that, only to
recolonize the area prior to 1 ka (see below).
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Figure 63. Relative abundance of Lemmiscus curtatus at Homestead Cave.  The numbers above the bars provide the total number of specimens iden-
tified as Lemmiscus curtatus.
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Figure 64. Ratio of Perognathus parvus to P. parvus and P. longimembris at Homestead Cave.  The numbers above the bars provide the total num-
ber of specimens identified as P. parvus.

Figure 65. Changing proportions of the woodrat fauna contributed by N. lepida at Homestead Cave.  The numbers above the bars provide the total
number of specimens identified as Neotoma cinerea.
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Selected Faunal Histories: 6.  Harvest Mice

Western harvest mice are found in a wide variety of habi-
tats but are most abundant in settings marked by dense grass-
es or other herbaceous vegetation (Webster and Jones, 1982).
They can be found in arid contexts, but in Nevada they tend
to be most abundant in grassy habitats near water (Hall,
1946) and may undergo significant population reductions in
response to drought (Whitford, 1976).

The history of Reithrodontomys at Homestead Cave is
summarized in figure 66 (the numbers plotted in this figure
combine specimens identified as Reithrodontomys sp. with
those identified as R. megalotis, the only species demonstra-
bly present in the fauna).  These animals were most abundant
during the early Holocene, declined dramatically during the
middle Holocene, and rebounded late in prehistoric times.

Selected Faunal Histories: 7. Pocket Gophers 

There are two species of pocket gophers in Utah today:
the northern pocket gopher, Thomomys talpoides, and Botta’s
pocket gopher, T. bottae.  The northern pocket gopher is
largely confined to the mountains and high valleys of the
state (though it is has been reported from the Promontory
peninsula: see Durrant, 1952), while T. bottae is the gopher
of Utah’s lower valleys.  As far as we know, only T. bottae is
known from the region immediately west of Great Salt Lake.

Gophers are also abundant in the Homestead Cave
fauna.  A total of 14,172 specimens have been identified from
here, of which 969 have been identified to the species level.
Although Stratum I at Homestead Cave provided only two
gopher specimens that could be identified to species, both of
these are T. talpoides.  All identified gopher specimens from
later strata represent T. bottae.

Selected Faunal Histories: 8. Marmots 
Yellow-bellied marmots (Marmota flaviventris), mam-

mals that also tend to be found only on Great Basin moun-
tains though descending to much lower elevations to the
north, are likewise present in the deeper strata of Homestead
Cave (figure 67).  Since the Homestead Cave fauna owes its
accumulation largely to owls, and since adult marmots
exceed the prey size routinely taken by these birds, it is not
surprising that marmots were never abundant in the Home-
stead Cave deposits.  As a result, it cannot be determined pre-
cisely when these animals became locally extinct, but they
are reasonably common in latest Pleistocene Stratum I and
appear to have been present in the area until roughly 8 ka.
The fact that 66 specimens were present in the late Pleis-
tocene and early Holocene Homestead Cave sample clearly
documents the presence of local populations of these mam-
mals during this time.  Just as clearly, the complete absence
of marmot specimens in these deposits during the past 5000
years shows that they had been extirpated from this area by
the time the middle Holocene ended, and perhaps long before
the end of this period.

THE HOMESTEAD CAVE MAMMAL
SEQUENCE AND CLIMATIC MODELS

Recent climatic models suggest that the early Holocene
in the Great Basin was both wetter and warmer than today,

with increased summer insolation causing increased summer
monsoonal precipitation (see Thompson and others, 1993;
Mock and Bartlein, 1995).  Mammalian data relevant to test-
ing these models have long been available.  However, as I
have mentioned, these data have most often been ignored
when the models have been tested against empirical data,
although they have at times been given passing mention
(Thompson and others, 1993) or have been selectively called
upon when they support implications of the models (see
Mock and Bartlein, 1995).  Thus, it is important to stress that
the early Holocene reconstructions provided by the models
remain in conflict with a wide variety of mammalian paleon-
tological data from the Great Basin, including that from
Homestead Cave.  The Homestead Cave mammals strongly
suggest that between about 11.3 and 8.3 ka, the Homestead
Knoll area was not only substantially wetter than the present
but also substantially cooler.

As Bartlein and others (1995) have argued, uncalibrated
radiocarbon ages are likely to give very misleading impres-
sions of the relationship between events dated in this fashion
and events expressed in calendar years.  More to the point,
then, is the fact that Homestead Cave Stratum II has three
radiocarbon dates whose calibrated ages fall between about
10,000 and 9500 cal yr B.P. (see chapter four), and thus at
about the time of the July Northern Hemisphere insolation
maximum incorporated into the models.  Even though this is
the case, the fauna of this stratum is marked by taxa that do
not suggest great warmth.

I have already described the data relevant to this conclu-
sion.  As we have seen, the early Holocene strata at Home-
stead Cave are marked by a wide variety of mammals whose
modern habitat requirements and distributions strongly sug-
gest that the Homestead Knoll area was relatively cool and
moist at that time.  The high relative abundance of arvicoline
rodents (Microtus sp. and Lemmiscus curtatus), Neotoma
cinerea, Perognathus parvus and the presence of Marmota
flaviventris and Brachylagus idahoensis all imply a cool and
moist climatic regime during the early Holocene, albeit less
so than during the latest Pleistocene.  Even the history of
kangaroo rats within Homestead Cave is consistent with this
view.  These animals comprise a relatively small fraction of
the Stratum II mammal assemblage, and within the Stratum
II kangaroo rat fauna, D. ordii is 2.4 times more common
than D. microps.

The implications of the early Holocene small mammal
fauna from Homestead Cave are clear.  During the time that
Stratum II accumulated, the area surrounding this site was
marked by fairly dense concentrations of Artemisia, presum-
ably A. tridentata, with a significant grass understory.  Vege-
tation and mammals alike existed in a climatic context that
was both cool and moist, though not as cool and moist as dur-
ing the period when Stratum I accumulated.  This conclusion
is in sharp disagreement with the implications of the climat-
ic models for this time and area.

Homestead Cave is not alone in suggesting that the early
Holocene, in at least the more northern parts of the Great
Basin, was cool, not warm, and moist (see the discussions in
Grayson, 1993, 1998).  For instance, pikas (Ochotona prin-
ceps) are known from the lower elevations of the Fort Rock
Basin of south-central Oregon between 11.2 and 7.2 ka, and
it is difficult to see how these animals, so dependent on cool
summer temperatures (see Smith, 1974), could have existed
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Figure 66. Relative abundances of Reithrodontomys at Homestead Cave.  The numbers above the bars provide the total number of specimens iden-
tified as Reithrodontomys.

Figure 67. Relative abundances of marmots at Homestead Cave.  The numbers above the bars provide the total number of specimens identified as
Marmota flaviventris.
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in such settings during an early Holocene that was warmer,
albeit moister, than anything that has come since, including
the middle Holocene.  At Danger Cave some 100 km to the
southwest, 95%, or 125, of the bushy-tailed woodrat speci-
mens in the entire faunal assemblage were deposited between
about 10.5 and 7.5 ka; the remaining six specimens were
scattered across the subsequent 7,500 years of history regis-
tered in this site.  Our knowledge of mammal history for the
northern Great Basin is remarkably consistent in this regard
(Grayson, 1993).  That history implies a cool and moist early
Holocene in this region as a whole, as does a substantial set
of paleovegetational data that is at odds with those models
(see Madsen and Currey, 1979; Wigand and Mehringer,
1985; Thompson, 1990, 1992a; Grayson, 1993; Rhode and
Madsen, 1995).

This is not to say that the small mammal faunas of the
early Holocene Great Basin are necessarily incompatible
with warm and moist summers.  It is always possible that
mammals responded to non-analog environmental conditions
in non-analog ways.  Given the diversity of mammal species
involved, however, this seems quite unlikely.  In addition, the
same kinds of qualitative assessments of paleoenvironmental,
and in particular paleovegetational, data that have been used
to assess the accuracy of the models (see Mock and Bartlein,
1995) lead to the conclusion that the mammalian data are
strongly at odds with those models with respect to early
Holocene temperature regimes in the Great Basin.  It is also
to say that we would be far better off in our attempts to un-
derstand both the models and arid western climatic history if
these data were addressed rather than ignored.

MAMMALIAN RESPONSES TO MIDDLE
HOLOCENE CLIMATES

The fact that the early Holocene mammalian fauna at
Homestead Cave implies a climatic context that was cool and
moist at that time is not novel.  I have, however, also dis-
cussed the fact that previous analyses of Holocene mam-
malian faunas from the Great Basin have routinely detected
major faunal changes as the early Holocene ended and the
generally hot and dry middle Holocene began, but that it has
been much more difficult to find concomitant change in
small mammal distributions or abundance as the middle
Holocene ended.

Homestead Cave also shows a broad range of responses
to the end of the early Holocene.  Arvicoline rodents declined
in number dramatically; Marmota flaviventris and Brachyla-
gus idahoensis became locally extinct; Neotoma lepida
became the dominant woodrat, Perognathus longimembris
the dominant pocket mouse, and Dipodomys microps the
dominant kangaroo rat.  These responses are in line with our
knowledge of similar changes elsewhere in the Great Basin
at this time (Grayson, 1993).

What is novel, however, is the evidence that this fauna
provides concerning changes in mammal abundance during
and after the middle Holocene.  The abundance of Reithro-
dontomys megalotis, for instance, declined dramatically dur-
ing the middle Holocene, then rebounded as this period
ended.  Dipodomys microps reached extremely high abun-
dance, compared to those of D. ordii, between about 7 and 5
ka and then declined as the middle Holocene ended (figure

58).  Consistent with the arguments made by others concern-
ing the nature of the middle Holocene, the abundance of D.
microps was not monolithically high during this period of
time, but rose and fell much as the ratio of grasses to sage-
brush rose and fell at Fish and Wildhorse Lakes on Steens
Mountain, southeastern Oregon during the middle Holocene
(Mehringer, 1985). 

As the middle Holocene ended, not only did D. ordii
increase in abundance relative to D. microps and Reithro-
dontomys megalotis return in number, but other mammals
increased in abundance, or returned, as well.  Perognathus
parvus reappears in the record in Stratum XVI as does Lem-
miscus curtatus (but note that Strata XIII, XIV, and XV, dat-
ing to between about 3.5 and 1.5 ka, remain unanalyzed).

Elsewhere the archaeological record strongly supports
the proposition that Great Basin human populations fell dra-
matically during the hot and dry middle Holocene (Grayson,
1983), an argument first made in detail long ago (see
Baumhoff and Heizer, 1965).  The Homestead Cave fauna
shows just how complex the biotic response to this event
was.  Some mammals that were lost as the middle Holocene
began never returned (for instance, Marmota flaviventris and
Brachylagus idahoensis).  Others underwent substantial
reductions in number but remained in the area throughout
this period (for instance, Dipodomys ordii and Reithrodonto-
mys megalotis), then increased in number as, from their per-
spective, climatic conditions ameliorated.  Still others (for in-
stance, Perognathus parvus and Lemmiscus curtatus) be-
came locally extinct and then recolonized when conditions
allowed.

Indeed, the post-middle Holocene recolonization of the
Homestead Knoll area included Neotoma cinerea, a mammal
that has been assumed by some to be isolated on Great Basin
mountains today.  It is to this issue that we now turn.

RECOLONIZATION AND SMALL MAMMAL
BIOGEOGRAPHY

As I have observed elsewhere (Grayson, 1987, 1993), J. H.
Brown’s model of montane mammal biogeography in the
Great Basin (Brown, 1971, 1978) makes three strong predic-
tions about late Pleistocene and early Holocene small mam-
mal history in the Great Basin.  First, his model predicts that
montane mammals currently isolated on Great Basin moun-
tains must once have occupied the lowlands that intervene
between these mountains, since those lowlands provided the
corridors of access to the mountains.  Second, montane mam-
mals found on only some of these ranges must have been
found on other ranges in the past, since the model maintains
that the mountains were inhabited by a common pool of
species and were reduced to their current numbers by subse-
quent extinctions.  Finally, his model also requires that there
have been no Holocene colonizations of these mountains
since, in this view, the process driving the differential pres-
ence of montane species on massive Great Basin mountains
has been extinction, not colonization.

Previous paleontological work has shown that Brown’s
model was insufficiently dynamic.  In particular, it has ap-
peared likely for some time that different mammals became
isolated on different ranges at different times in different
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places, and that species-wise, rather than community-wise,
analyses are critical if we are to understand the processes of
colonization and extinction that have formed these faunas.
This same work has, however, provided substantial support
for the first two of the predictions made by the model
(Grayson, 1993).  Indeed, Homestead Cave provides exactly
the same kind of support: Mustela erminea appears only in
Stratum I and Lepus townsendii only in Strata I and II; Mar-
mota flaviventris is gone by about 8 ka.  While Thomomys
talpoides is not on the list of montane mammals analyzed by
Brown, it is also largely montane in distribution in the Great
Basin and it, too, is present only in the late Pleistocene
deposits of Homestead Cave.

Not only has previous work provided strong support for
the first two of these predictions, but it has also shown that
there were even montane mammals that have become extinct
across all Great Basin mountain ranges during the Holocene
(Grayson, 1981).  At the same time, and as I have discussed
earlier, it has now become clear that montane mammals are
today far more widespread on Great Basin mountains than
was once thought and that the pattern of this distribution is
consistent with the argument that both extinctions and
Holocene colonizations have been critical to forming that
distribution (Grayson and Livingston, 1993; Lawlor, 1998). 

It is thus particularly important that Homestead Cave
has, for the first time, allowed a detailed assessment of the
third of the paleontological predictions I outlined above,
involving the demonstration of either the presence or ab-
sence of Holocene colonizations of Great Basin mountains.
Indeed, one of the more remarkable discoveries made in con-
junction with this project involves the discovery that
Neotoma cinerea, one of the species that has been treated as
a member of the montane mammal assemblage, is present in
the Homestead Knoll area today.  As part of an effort to doc-
ument the nature of the local small mammal community in
conjunction with the analysis of the small mammal assem-
blage from Homestead Cave, we trapped (and filmed and
released) a bushy-tailed woodrat within Homestead Cave
itself, and E. Rickart has uncovered a series of unpublished
records for this species in other low-elevation settings in
nearby parts of the northern Bonneville basin (Grayson and
others, 1996).  These discoveries led us to conclude that
bushy-tailed woodrats can colonize low-elevation xeric set-
tings.  Indeed, we also concluded, as did Lawlor (1998) on
very different grounds, that modern montane mammal distri-
butions in the Great Basin have been determined by a com-
plex pattern of colonizations and extinctions.

We now have a much clearer view of the history of this
mammal in the Homestead Knoll area than was available
when we addressed this issue in 1996.  As has been noted,
Neotoma cinerea had become locally extinct here by 5 ka,
and perhaps well before then, only to reappear in the Home-
stead Cave fauna by 1 ka.  Given that only nine specimens of
this species are present in Stratum XVII (see table XXIII), it
is possible that we are here seeing the effects of long-dis-
tance transport by a raptor (note that the sample available for
Stratum XVIII, 1047 identified mammalian specimens, is so
small that Neotoma cinerea is not likely to have been detect-
ed had it been present at this time).  Nonetheless, given that
bushy-tailed woodrats exist here today, there is no question
that this species has recolonized the Homestead Cave area
during late Holocene times.  In addition, the reappearance of

Neotoma cinerea in Stratum XVII is both preceeded and
accompanied by increases in abundance of a number of other
taxa suggestive of cooler and/or moister conditions.  These
include Dipodomys ordii (figure 58), Lemmiscus curtatus
(figure 63), Perognathus parvus (figure 64) and Reithrodon-
tomys megalotis (figure  66).  Given that Neotoma cinerea
reappears at the same time as other consistent changes occur
in the nature of the local faunal community, it seems unlike-
ly that this reappearance is to be attributed to a low-proba-
bility long-distance dispersal event.

A wide variety of data are thus joining to suggest pre-
cisely how complex the biogeographic history of Great Basin
“montane” mammals has been.  While many of these com-
plexities continue to elude us, recent studies make it quite
clear that the degree of isolation of some montane mammals
on Great Basin mountains is far less than has been thought,
and that the distinctive small mammal faunas of Great Basin
mountains have been shaped by both colonization and
extinction.

The practical implications of these results are quite clear.
On the one hand, they show that attempts to predict extinc-
tions under conditions of global warming that require the
assumption of isolation (McDonald and Brown, 1992) are
problematic (see the discussion in Lawlor, 1998).  On the
other hand, they suggest that the creation of mountain-based
wildlife reserves in the Great Basin must also include low-
elevation dispersal corridors.  Not only could such corridors
prove critical for dispersal under climatic regimes different
from those that now characterize the Great Basin, but they
are also currently in use by at least some species in at least
some places.

SPECIES RICHNESS RELATIONSHIPS

Precipitation in arid environments is positively correlat-
ed with net primary productivity (see Brown, 1975; Meserve
and Glanz, 1978; Abramsky and Rosenzweig, 1984); both
these variables are, in turn, correlated with mammal species
richness (the number of mammal species present).  This rela-
tionship, however, is not necessarily positive.  With increas-
ing precipitation in arid areas of low to moderate productiv-
ity, mammal richness increases linearly (Brown, 1973, 1975;
Meserve and Glanz, 1978).  As rainfall and productivity in-
crease beyond this point, however, mammal richness has
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Table XXIII
Neotoma cinerea and Neotoma cf. cinerea specimens present in

Stratum XVII

Identificaion Element
Neotoma cinerea Tooth:  Ml

Neotoma  cinerea Tooth:  Ml

Neotoma cf. cinerea Skull:  premaxilla
Neotoma cf. cinerea Skull:  premaxilla
Neotoma cf. cinerea Skull:  premaxilla
Neotoma cf. cinerea Skull:  maxilla
Neotoma cf. cinerea Skull:  occipital
Neotoma cf. cinerea Skull:  occipital
Neotoma cf. cinerea Scapula



been shown to decline in some areas, producing a relation-
ship that has been termed “unimodal” or “humped” (Abram-
sky and Rosenzweig, 1984; Abramsky and others, 1985;
Owen, 1988, 1990; Rosenzweig, 1992, 1995; Wright and
others, 1993).  While the initial rise in this relationship is
well understood, the cause or causes of the decline are not.

Brown (1973, 1975; Brown and Gibson, 1983) has
shown that the relationship between rainfall and rodent
species richness in sandy habitats in the Great Basin is posi-
tive and linear up to about 32 cm of annual precipitation
(Brown, 1973).  Rosenzweig (1992, 1995; Rosenzweig and
Abramsky, 1993), on the other hand, has argued that Brown’s
data simply catch the initial, positive part of the full richness
relationship.  The clear implication is that, if we were to sam-
ple areas of higher precipitation within the Great Basin, the
decline phase would become more evident (see also Abram-
sky and others, 1985, p. 368).  Elsewhere (Grayson, 1988) I
have referred to these two interpretations of the relationship
between precipitation and small mammal species richness in
the Great Basin as the “positive richness-response” (see
Brown, 1975) and “unimodal richness-response” (see Ros-
enzweig and Abramsky, 1993) models.

Both climatic modelers and empiricists agree that the
latest Pleistocene and early Holocene in the northern Great
Basin saw higher levels of precipitation than have character-
ized this area since the end of the early Holocene.  Given that
temperatures during this time here were also cooler than in
the middle and late Holocene (a point on which climatic
modelers and empiricists do not agree), it follows that if the
positive richness-response model applies to the Great Basin,
small mammal richness should have been higher during the
late Pleistocene and early Holocene than it has been since
that time.

In an earlier examination of the Homestead Cave mam-
mals (Grayson, 1998), I used regression analysis to take into
account the fact that the greater the number of identified
specimens (NISP) in a paleontological assemblage, the
greater the number of taxa represented by those specimens
(see Grayson, 1984).  In that earlier study I found that the
Homestead Cave faunal assemblages that accumulated
between about 11.3 and 8.3 ka do contain greater numbers of
small mammal taxa than those that accumulated after this
time, as is predicted by the positive richness response model
under conditions of increasing aridity.  This result mirrors
that obtained by Nowak and others (1994) concerning the
vegetation of the western Lake Lahontan basin in far western
Nevada.  There, they observed, latest Pleistocene and early
Holocene vegetation assemblages were far richer than those
that followed.

Since a larger sample of identified small mammal spec-
imens is now available from Homestead Cave, I have repeat-
ed this analysis, following the protocol discussed in Grayson
(1998).  Figure 68 presents the results.  The lines in this fig-
ure, fit by least-squares regression, are given simply to indi-
cate the fact that there are two separate relationships between
NISP and the numbers of taxa.  Whereas the lower, later rela-
tionship is highly significant (r = 0.84, p < 0.001), the upper,
earlier relationship, drawn through three points, is not (r =
0.94, p > 0.10).  As in the initial examination, the small mam-
mal assemblages from Strata I - III are richer, at any given
sample size, than are those from all later strata.  Stratum XVI
does fall well above the line that marks the later relationship,

but this difference - 16 taxa present but 13.0 predicted - is not
significant at p = 0.05 (standard deviation = 1.42). 

Once again, I conclude that since small mammal rich-
ness in this area declined as moisture declined, it appears
likely that the positive richness response model applies to all
low elevation settings in the Great Basin.  The “unimodal”
small mammal species-response model does not appear to
apply to the Great Basin and does not appear to have done so
since at least the latest Pleistocene.

CONCLUSIONS 

The Homestead Cave fauna documents environments
that were clearly wetter between about 11.3 and 8.3 ka than
any that have been seen in this area since.  This conclusion is
in agreement with conclusions drawn from a wide variety of
other paleoenvironmental indicators.  It is also in agreement
with the conclusion drawn from the NCAR Community Cli-
mate Model (see Thompson and others, 1993).  While this is
the case, however, the Homestead Cave small mammal fauna
also suggests that this period of time was cool, not warm, and
thus stands in distinct contrast to the predictions of the
NCAR CCM.

The Homestead Cave fauna is not alone in suggesting a
moist and cool early Holocene in the northern Great Basin,
as opposed to the moist and warm early Holocene called for
by the models.  Although at times recognized as a potential
problem by at least some of the modelers (see Thompson and
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Figure 68. Relationship between the number of identified specimens
(NISP) and taxonomic richness (NTAXA) at Homestead Cave.
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others, 1993), the differences between the climatic condi-
tions called for by the models and those implied by the mam-
mals are stark.  The mammal histories have been replicated
in so many places by so many taxa that it seems unlikely that
the problem lies with them, as opposed to lying with the
models themselves.

The Homestead Cave fauna also joins a growing body of
data generated by both paleontologists and neoecologists to
show that the history of “montane” mammals in the Great
Basin has been far more complex than was once thought.
Most significantly, it is now clear that the montane mammal
faunas of Great Basin mountains have been formed by a
combination of Holocene extinction and colonization events.
Homestead Cave shows a number of those extinction events
- of Lepus townsendii, Mustela erminea, and Marmota fla-
viventris.  More importantly, since it has not been detected
before, Homestead Cave also shows both the extinction and
recolonization of the Homestead Knoll area by Neotoma
cinerea, thus directly documenting what has earlier been
inferred from the examination of modern distributions of
small mammals in the Great Basin (Grayson and Livingston,
1993; Lawlor, 1998).  Combined with neoecological analy-
ses, this discovery has significant implications for the man-

agement of small mammal habitats in the Great Basin.  Since
some of these mammals can and do use lowland habitats and
dispersal corridors today, those corridors must also become a
focus of management concern.

Finally, and also of practical import, the Homestead
Cave mammal fauna suggests that the linear-response model
of small mammal richness, and not the “unimodal” model,
applies to this region.  Future decreases in precipitation can
be expected to decrease small mammal richness here, future
increases to increase it.
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INTRODUCTION

Much of what we know of the Holocene history of birds
in the Great Basin came from bird bone assemblages from
caves not far from Homestead Knoll.  Those assemblages,
excavated for archaeological purposes approximately half a
century ago, have been carefully analyzed, the data synthe-
sized, and published (Parmalee, 1970, 1980, 1988).  But
none of the assemblages described in the published literature
are as large, cover the time span, are as finely stratified, or
are as well dated as the bird assemblage from Homestead
Cave.  Further, most of the previously reported assemblages
are from contexts where the accumulation processes of the
bone materials included human activities which bias assem-
blage composition in favor of large-bodied gregarious birds
that provide a food resource for people.  Unlike those assem-
blages, the Homestead Cave bird bones were deposited pri-
marily by raptors, an inference supported not only by owls
roosting in the cave as it was being excavated, but more
directly by the presence of complete and partially disaggre-
gated pellets in the deposits and by pellet material adhering
to the bones and embedded in foramina.  Further, none of the
specimens are burned or show other characteristics routinely
interpreted as evidence of human activities influencing the
accumulation process.  Thus it is reasonable to assume that
the specimens discussed in this chapter are from birds cap-
tured within the foraging radius of raptors using the site at
the time they were deposited (see Schmitt, chapter two).  The
Homestead Cave avifauna provides a new, different, and
more detailed glimpse at Holocene avian history as a result
of these differences in time span and accumulation process-
es.  That increase in detail allows more detailed inferences
regarding past environments and climates.

The Homestead Cave avifaunal assemblage described
here includes over 6,000 specimens representing at least 75
species in 26 families.  These are the avian specimens iden-
tified to date from the total bone assemblage recovered in the
6.3 mm screens and the bulk samples from Stratum I.  Iden-
tifications were made by comparison to a series of reference
specimens of known species and provenience curated at the
Desert Research Institute, Reno, Nevada, or borrowed from
the Burke Museum of Natural History and Culture, Seattle,
Washington.  A few specimens from the 6.3 mm sample from
each stratum remain to be identified, and a significant num-
ber of the specimens included here as “indeterminate passer-
ines” will be identified in the future as time and access to
appropriate reference specimens allow.  

An attempt has been made to assure that none of the
unidentified specimens are from species identified in other
strata.  However that effort is not complete for a number of
taxa, particularly the small shorebirds and passerines.  Some
counts will change in the final analysis.  Consequently, dis-
cussion of the assemblage at this time will focus on more
inclusive taxonomic levels (genus, family, and even order)
for many species, even though more precise identifications

are available for numerous specimens in several strata.  No
attempt has been made to include vertebrae, phalanges of the
feet, or skull elements posterior to the beak.  A summary of
the identified specimens from the 6.3 mm screen sample is
presented in table XXIV.

Identification of the 3.1 mm screen sample has been
started for several strata, but none are nearing completion.
The specimens from the 3.1 mm assemblage identified to
date include small elements of many of the same taxa already
identified from the 6.3 mm sample, larger samples of the
small, environmentally sensitive taxa such as shorebirds,
woodpeckers and passerines, and even smaller taxa which
were not identified in the 6.3 mm sample.  Because analysis
of the 3.1 mm sample has not progressed very far, it is dis-
cussed here only to demonstrate that further effort expended
on the task will provide a more extensive list of taxa, and a
more consistent record of occurrence for many taxa found in
the 6.3 mm sample. 

Although restricting the current discussion to the 6.3 mm
sample eliminates some of the finest detail in the data for
drawing inferences regarding Holocene environmental
change, comparison of the Homestead Cave record to pub-
lished avifaunas is enhanced.  Because most published avi-
faunas were recovered in 6.3 mm or larger mesh, precluding
the smaller screen sample from the discussion below elimi-
nates the necessity of allowing that observed differences may
be due strictly to differences in recovery techniques.

ASSEMBLAGE DESCRIPTION

Divers 

Of the two orders of birds (Gaviiformes: the loons, and
Podicipediformes: the grebes) highly adapted to diving and
swimming underwater (Ryser, 1985, p. 59), no elements
identifiable as the larger, shyer loons were found in the
Homestead Cave avifauna.  The large number of grebes,
however, is particularly noteworthy.  Grebes comprise ap-
proximately one-fourth of the total assemblage.  They are the
most abundant taxon in the deeper strata, above Stratum I.

There are four grebes commonly found in the Great
Basin.  Of those, I have found very few specimens that can
securely be identified as Pied-billed Grebe (Podilymbus
podiceps, NISP=5) or Western Grebe (Aechmophorus occi-
dentalis, NISP=5).  Most grebe specimens are referable to
the genus Podiceps, of which both Eared (P. nigricollis) and
Horned (P. auritus) species occur in the northeastern Great
Basin.  Both species are clearly represented in the Home-
stead Cave assemblage, but with a few exceptions, osteolog-
ical differences between Eared and Horned Grebes are sub-
tle.  Thus, most elements remain identified only to the genus.
Of the specimens that I could assign to species on he basis of
morphological differences of selected elements, the majority
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Table XXIV
Numbers of identified bird specimens

Taxon Stratum:        I  II    III    IV V VI   VII  VIII IX  X    XI  XII XIII XIV XV XVI  XVII  XVIII TOTAL
Podicipedidae 

Podilymbus podiceps 2                                                                                                   3                               5
Podiceps sp. 178 125   36  113   12   204   55    31   107  21   62  120  103    17    57     7      19     3       1270
Aechmophorus occidentalis     7 1     1                                                                                                        9

Phalacrocoracidae
Phalacrocorax auritus             2                                                                                                                                                                                                                2

Anatidae 216   31     6       19       3         3       4      3                  4               5       1             2       6                      303
Branta sp. 1        1
Anas sp. 47   25     7    33 5      6             7                        16       2      9      7     10 174
Aythya sp. 104   16     2      4     1     1      1      1      1 1 3 135
Bucephala albeola 6     1 7
Bucephala cf. clangula 1 1
Bucephala clangula 2 2
Oxyura jamaicensis 2 2

Accipitridae 2 2
Circus cyanus 1 3 1 1      4 1      2              1 14
Accipiter sp. 1 1  2
Accipiter striatus 7 6 2 2 3      3     2 4 29
Buteo sp. 4 1 2 1 8

Falconidae
Falco sparverius 9    1      1     4 1 2 4 1     10      2       3 38
Falco columbarius 5 1              1 1 8
Falco cf. mexicanus 7 2 9

Phasianidae 15    5      1      2 1 1 1 1                       3              30
Rallidae

Rallus limicola 2    3     2 2 1 4                          14
Porzana carolina 3 4  2 1  5    15
Porphyra/Gallinula/Fulica 5 7             4 1     3 1    3 1 3    15      5        3 51

Recurvirostridae
Recurvirostra americana 1 1 2 4

Scolopacidae 1 2 4              7
sandpipers 7   16            5 2     5 1 1     3 5 1 46
Phalaropus sp. 9   13            5 2 2 7 1 2 2 3    11      1 2 60

Larida
Larus sp. 12   14     4      3 1       1 2 4              41

Columbidae 1 2 3
Zenaida macroura 1 1 1 2 1 1 1     1 2        3 14

Cuculidae
Coccyzus americanus

Tytonidae
Tyto alba 2                                                                  1                                                                                                                                 3

Strigidae 10    4           1                                                                  2     2 19
Otus sp. 2   2 2 2 11 19
Bubo virginianus 1 1 2
Glaucidium gnoma 2 1 1     1      4 2 11
Athene cunicularius 1    2 2 5
Asio sp. 52  13     1      8 2 7 2     3   9 1 3      4 1 106
Ageolius acadicus 2    2             6 2 3 1 5 8 2      4 2 9                        46

Caprimulgidae
Chordeiles cf. acutipennis 5 2    2 1 2 3                          15
Phalaenontilus nuttallii 9     2             6 8 1 1 4 3 1      35

Picidae 2 1 3
Melanerpes lewis 4 1 5
Sphyrivicus sp. 4    3              2     3      4    3 5 5 2 8 9 5 1       54
Picoides sp. 2 2 4
Colantes auratus 2   4     4     21    2      6    3 4 10 4   2 6 7 4    6 5               90

Alaudidae
Eremophila alpestris 11  33 9     6     35  33    32     88   44  35 190   129    36   58   41       55       5 840

Bombycillidae
Bombycilla sp. 2   5 1     36    15    47    5    22 13 2   13  47 4 8   14 1          235

indeterminate passerine 203 130    6     50    22    76 118  130   153   29  93 269   191    87  413   66 14    11 2061

STRATUM TOTAL 954 460   77   351  64   394 247  238   430 107 234 675  495   175  629  143 165     24 5862

2                                                             1                             3
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are Eared Grebes with only an occasional Horned Grebe.
Eared Grebes are common summer residents in the marshes
of northern Utah, often occurring in large congregations
(Behle and others, 1985, p. 4) in shallow water where they
build their nests on floating vegetation (Ehrlich and others,
1988, p. 10).  Horned Grebes are more solitary, but will occa-
sionally be found in a large group of Eared Grebes.  Both
feed primarily on aquatic insects and larvae, crustaceans,
mollusks and fish.  At times up to 90% of Eared Grebe diets
are brine shrimp (Ehrlich and others, 1988, p. 10).  I have
often observed them foraging in small, ephemeral ponds that
form during wet years along roadsides in the Bonneville
basin, suggesting that throughout the time period represented
in the Homestead Cave sequence they may have readily
returned to the Homestead Knoll area whenever even short,
wet periods allowed formation of ponds in the area.

Specialized Fishers 

Of the specialized fishers (pelicans, cormorants, mer-
gansers), no specimens of the largest taxa (Pelicanus sp.) or
the duck-sized mergansers (Mergus sp.) were found.  Two
specimens of Double-crested Cormorant (Phalacrocorax
auritus) have been identified from Stratum II.  Double-crest-
ed Cormorants are colonial birds that usually nest in trees
near lakes, rivers or marshes.  They feed primarily on school-
ing fish but take some other small vertebrates (Ehrlich and
others, 1988, p. 26).  They are uncommon, localized summer
residents in northern Utah, though there is a report that they
did nest along the Sevier River in historic times (Behle and
others, 1985, p. 5).  Adequate habitat for cormorants, such as
trees for nesting, may have disappeared from the vicinity of
Homestead Knoll early in the Holocene.  More apparent is
the loss early in the sequence of food resources for taxa spe-
cializing on fish (see Broughton, chapter nine).

Waterfowl 

Geese and swans, the largest members of the family
Anatidae, are most notable in the Homestead Cave avifaunal
assemblage for their rarity or absence.  No swans and only a
single goose (Branta sp.) specimen have been identified.
The absence of identifiable swans and geese in this assem-
blage probably says more about how the assemblage was
accumulated in the cave than about local avifaunas in the
past.  No birds of the size of a goose or larger have been iden-
tified, which probably indicates the upper size limit of
species preyed upon by the raptors that brought the birds into
Homestead Cave.

Ducks can be identified to genus using standard compar-
ative techniques, but recognition of species requires   statis-
tical analysis (Livingston, 1988) which has not yet been
completed for this assemblage.  Within each genus a rough
assignment to size groups has been made, but all interpreta-
tion is strictly at the genus level at this time, and I venture no
estimate of the number or identity of species represented.

Marshbirds 

Marshbirds have toe, foot and leg adaptations for wading
or for walking over muddy ground.  Marsh taxa found in the

Homestead Cave avifauna are all members of the family Ral-
lidae: Virginia Rail (Rallus limicola), Sora (Porzana caroli-
na), and the larger Purple Gallinules (Porphyra martinica),
Common Moorhens (Gallinula chloropus) and American
Coots (Fulica americana).  Diets of most of these birds con-
sist of snails and other invertebrates, seeds, algae and emer-
gent vegetation.  Although not abundant in any of the Home-
stead strata, the marshbirds, like the ducks, are most common
in the lowest strata.  They are clearly represented in the upper
strata after a brief absence beginning with Stratum X. 

The record for rails will be much clearer when the 3.1
mm assemblage has been analyzed.  The small, slender body
characteristic of most rails allows most elements to slide
through a 6.3 mm screen.  The fact that they occur at all in
this sample attests to the care with which the sediments were
sorted.  Had the matrix contained more dirt and less bone and
plant debris on which small bones could be trapped before
they slipped through the screens, many of the small-bodied
birds (including the shorebirds, woodpeckers and passerines
as well as the rails) would not be represented in the assem-
blage reported here.  The larger marsh taxa like Great Blue
Herons and Sandhill Cranes are undoubtedly missing as a
result of the same processes that excluded all large birds.
Some of the unidentified specimens may be egrets and/or bit-
terns, but if present they are not abundant.

Shoreline Birds 

The Order Charadriiformes includes three groups: shore-
birds or waders; gulls, terns and jaegers; and alcids.  These
birds frequent shorelines or waters adjacent to shorelines,
and may also occur in such places as marshes, wet meadows
and tundra (Ryser, 1985, p. 170).  Many of the shoreline birds
are quite small, making their abundance in this sample sub-
ject to the screen-size bias described above for the smaller
rails.  

Phalaropes (Phalaropus) and sandpipers (Tringa, Actitis,
Calidris) occur in the 6.3 mm sample in small numbers with
some regularity.  They are more abundant in the 3.1 mm sam-
ples that have been examined to date.  The small size of these
specimens, like those of the small rails dictates that all infer-
ences drawn from the occurrence or abundance of these taxa
must be considered extremely tentative and preliminary until
analysis of the 3.1 mm sample is completed.  

Gulls (Larus sp.) are the birds most people associate
with the Bonneville basin, particularly Great Salt Lake, due
to historical accounts of large numbers of California Gulls
(Larus californicus) saving local crops from an invasion of
grasshoppers in 1848 (see Madsen and Madsen, 1987).  Gulls,
especially the California Gull, are often common around
large inland bodies of water.  They are common around Great
Salt Lake at present.  Although gull specimens occur sporad-
ically throughout the column, they are surprisingly rare or
absent in strata above Stratum IV.

Raptors: Diurnal Predators (hawks and falcons) 

At least seven species of diurnal raptors, representing
both the Accipiteridae and the Falconidae, have been identi-
fied in the Homestead Cave avifauna.  These are the birds
most likely responsible for bringing the majority of the avian
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bird specimens into Homestead Cave, depositing them as
cast pellets.  Northern Harriers (Circus cyaneus) prey in open
country; the Accipiters, or “bird hawks” (Accipiter sp.), are
adapted to hunting in trees; the “buzzard hawks” (Buteo sp.)
hunt both in the open and the woodlands.  The falcons (Falco
sp.), two of which used to be known by common names that
reflect their preference for hunting birds (“pigeon hawk” and
“sparrow hawk”), usually hunt in the open or along the edges
of woodlands.  Most of the diurnal raptors prey on birds.  The
Buteos in particular, and others to a lesser extent, do take a
large number of lagomorphs and rodents as well.

Raptors: Nocturnal Predators (owls) 

At least eight species of owls in two families occur spo-
radically throughout the Homestead Cave strata.  These are
all, to a greater or lesser extent, nocturnal hunters that are
undoubtedly the primary source of the huge small mammal
bone assemblage that made up the bulk of the matrix in the
Homestead Cave column (chapter seven).  Some, such as the
Northern Pygmy Owl (Glaucidium gnoma), are mostly diur-
nal, hunting at dawn and dusk.  Others, such as the Burrow-
ing Owl (Athene cunicularia), will hunt at any time of the
day or night.  The less restricted members of a species are in
terms of timing of the hunt, the more likely they are to cap-
ture avian as well as mammalian prey.  Of all the species rep-
resented, only the Flammulated Owl (Otus flammeolus)
shows a preference for true forests; the others are also resi-
dents of riparian and pinyon-juniper woodlands, cotton-
woods, and even open deserts as long as adequate roosts are
available.  Homestead Cave and the other cracks, crevices,
shelters and caves in the vicinity of Homestead Knoll pro-
vide such roosts.  As with the diurnal raptors, owls deposit
the remains of their prey under their roosts largely in the
form of cast pellets.

Upland Game Birds 

Members of the families Phasianidae (grouse and quail)
and Columbidae (doves) are terrestrial, largely ground feed-
ing and ground nesting birds.  Their diets consist primarily of
seeds and other vegetation.  These families are often consid-
ered together by modern ornithologists because their terres-
trial lifestyle, chunky bodies and vegetarian diets make them
prime non-aquatic game counterparts of the waterfowl.
These birds inhabit sagebrush and sage-grass habitats, and
shrub-deciduous thickets near streams or springs.  Although
many live in very dry areas, most need daily access to water
and tend to avoid shadscale shrub habitats.

The largest of the upland game birds, the grouse, occur
primarily in the lowest four strata.  I have not identified quail
in the Homestead Cave avifauna.  Doves occur in very low
frequencies in the upper two thirds of the sequence.

Cuckoos 

The only member of the family Cuculidae found in the
Homestead Cave assemblage is the Yellow-billed Cuckoo
(Coccyzus americanus).  This slender bird is an inhabitant of
riparian and open woodlands, especially those with dense

undergrowth.  Its diet consists of caterpillars, bird eggs,
frogs, lizards and berries and fruit.  Although cuckoo speci-
mens are rare in the 6.3 mm assemblage described here, I
have identified a number of cuckoo specimens in the 3.1 mm
sample.

Goatsuckers 

At least two members of this oddly named family occur
in the Homestead Cave assemblage: the Common Nighthawk
(Chordeiles minor) and the Common Poorwill (Phalaenop-
tilus nuttallii).  These birds have cryptic plumages, nest on
the ground, and perch lengthwise on limbs of trees, often in
colonies.  They feed on moths and other insects caught in
flight.  Although they may forage widely all day, they are
most active during the evening hours, especially around
water sources where insects are most abundant.

Woodpeckers 

At least four, and possibly more, members of the family
Picidae occur in the Homestead Cave avifauna.  The Picidae
are typically solitary and typically arboreal, perching verti-
cally on tree trunks to feed on insects, fruits and nuts, and the
sap of trees.  Most nest in cavities excavated in trees (Van
Tyne and Berger, 1959, p. 484).  Northern Flickers (Colaptes
auratus), however, are exceptional in being more terrestrial
than other members of the family.  They are inhabitants of
open country or open woodlands, particularly deciduous
woods.  They eat more ants than any other North American
bird, a diet they supplement with other insects and berries.  It
has been estimated that up to 40% of their diets can be
berries when available (Bent, 1939, p. 277).  Northern Flick-
ers occur in almost all strata in Homestead Cave.

Lewis’ Woodpecker (Melanerpes lewis) is also some-
what unusual for a woodpecker.  It has been described as
greatly resembling a crow in appearance and flight.  Lewis’s
Woodpeckers also prefer more open country and scattered
large trees, rather than dense forests.  They are more fre-
quently found in juniper than pines, and they like deciduous
trees along streams in the lowlands and occasionally even
solitary cottonwoods or willows near small springs in sage
flats.  Unlike other members of the Picidae, with the excep-
tion of the flickers, Lewis’ Woodpeckers rarely sit vertically
but perch across branches or even on wires.  Their diet con-
sists of acorns, various insects (particularly grasshoppers),
and fruit and berries (Bent, 1939, pp. 230-233).  Lewis’
Woodpeckers are rare in the 6.3 mm sample, but have also
been recognized in the 3.1 mm sample.

The genus Picoides includes both the Hairy and Downy
Woodpeckers and is nominally represented in the 6.3 mm
sample.  These woodpeckers are more typical of the family
in perching vertically and being obligate tree dwellers.  The
species most likely represented by the specimens identified
to date is the Hairy Woodpecker (P. cf. villosus), an inhabi-
tant of dry deciduous woods.  Their diet consists of beetle
larvae, ants, caterpillars and small berries and seeds.

Three species of sapsuckers (Sphyrapicus) form a com-
plex that has been the subject of a significant taxonomic
debate.  It appears that when members of distinctively
marked populations that are now recognized as members of
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separate species share a breeding range there is some inter-
breeding (Kaufman, 1990).  However, because interbreeding
is limited and not random, they are currently recognized as
three legitimate species.  Given that the birds themselves do
not necessarily distinguish among each other, it is not sur-
prising that I cannot readily distinguish them from their oste-
ological remains.  Homestead Knoll lies well outside the cur-
rent range of all but the Red-naped Sapsucker (S. nuchalis),
while the Red-breasted Sapsucker (S. ruber) inhabits the
Pacific coastal region and the Yellow-bellied Sapsucker (S.
varius) nests farther north and east.  The Homestead Cave
sapsucker elements compare well with S. nuchalis reference
material.  The species represented throughout the column is
most likely S. nuchalis, but changes in range and recent spe-
ciation cannot be ruled out.  Sapsuckers eat sap and cambi-
um of a large number of tree species (both evergreen and
deciduous), small beetles, spiders, grasshoppers, ants and lar-
vae found under the loose bark of trees, and berries.  They
prefer aspen, cottonwood and willow and will inhabit thick-
ets along the banks of small streams in sage-dominated areas
some distance from large trees (Bent, 1939).  In the 6.3 mm
sample, sapsuckers occur with regularity in the early
Holocene strata and at least sporadically in the late Holocene
strata. 

While the woodpecker record is not well defined in the

materials analyzed to date, it is apparent that there are more
woodpecker specimens in the 3.1 mm sample.  The 6.3 mm
screen was adequate to recover a reasonable record for the
Northern Flickers, but skeletal elements of the more envi-
ronmentally sensitive arboreal woodpeckers are sufficiently
small enough to pass through to the smaller screen.

Perching Birds 

The largest order of birds is the Passeriformes, birds with
feet adapted to perching on branches and similar objects
(Ryser, 1985, p. 335).  To date I have identified specimens
referrable to at least 10 families of Passeriformes (table
XXV), but a number of those identifications are tentative due
to lack of time or comparative material.  Further, not all stra-
ta have been scrutinized with equal care for all taxa of
passerines.  Adding these caveats to the problem of many ele-
ments of the smaller species passing through the 6.3 mm
screens makes the analysis of the passerines tentative at pres-
ent.  Consequently, I am restricting the present discussion to
two taxa for which I believe the identifications are most
secure and comparable across strata.  I do note, however, that
even at the ordinal level, the changing abundance of passer-
ines relative to nonpasserines through the Homestead Cave
sequence is informative.  I will return to this issue shortly.

Table XXV
Passerines identified in the 6.3 mm screen sample from Homestead Cave

Tyrannidae Tyrant Flycatchers
Tyrannus verticalis Western Kingbird

Alaudidae Larks
Eremophila alpestris Horned Larks

Hirundinidae Swallows
cf. Stelgidopteryx serripennis Northern Rough-winged Swallow
Cyanocetta stelleri Steller’s Jay
Aphelocoma coerulescens Scrub Ja
Pica pica Black-billed Magpie

Troglodytidae Wrens
Muscicapidae Muscicapids

Myadestes townsendi Townsend’s Solitaire
Turdus migratorius American Robin

Mimidae Mockingbirds, Thrashers and Allies
Oreoscoptes montanus Sage Thrasher

Bombycillidae Waxwings
Bombycilla garrulus Bohemian Waxwing

B. cf. cedrorum Cedar Waxwing
Laniidae Shrikes

Lanius ludoviciana Loggerhead Shrike
Emberizidae Emberizids

Piranga ludoviciana Western Tanager
Pheuticus cf. melanocephalus Grosbeak, Black-headed
Pipilo cf. chlorurus Towhee, Green-tailed
Pipilo cf. erythrophthalmus Towhee, Rufous-sided
Agelaius phoeniceus Red-winged Blackbird
Sturnella neglecta Western Meadowlark
Xanthocephalus xanthocephalus Yellow-headed Blackbird
Fringillidae Finches and Allies
Carpodacus mexicanus House Finch
Carduelis tristis American Goldfinch
Coccothraustes vespertinus Evening Grosbeak



Having just noted that the passerines are
adapted to perching on branches, the first
species of passerine in the Homestead Cave
avifauna that deserves special notice is the
Horned Lark (Eremophila alpestris).  Larks
are highly gregarious inhabitants of open grass
and shrub habitats with sparse vegetation.
They spend much of their time on the ground
foraging for seeds, or in low vegetation.
Horned Larks are the only species of lark that
occurs in North America, but they are wide-
spread and abundant in dry, open areas. 

The other abundant and easily recognized
genus of passerine in the Homestead Cave
assemblage is Bombycilla, which includes two
species of waxwings: Bohemian Waxwings (B.
garrulus) and Cedar Waxwings (B. cedorum).
Waxwings are extremely gregarious and
nomadic, traveling in flocks that may contain
both species.  They may even form mixed
flocks with other less closely related species
such as the American Robin (Turdus migrato-
rius).  The critical variable seems to be glut-
tony, focused on berries, fruit and insects.

TAXONOMIC RICHNESS

Taxonomic richness, the number of differ-
ent kinds of birds in an assemblage, is deter-
mined by many factors.  The most obvious of
those factors are the number of kinds of birds
that were living in the collecting radius of the
site, the feeding preferences of the agents of
accumulation, and the size of the assemblage.
The goal of assessing assemblage richness is to
estimate the first of these: what birds were liv-
ing in the vicinity of the site as a means of
estimating the productivity and habitat com-
plexity of the area at different points in time.
To arrive at the most reasonable estimate of
that diversity it is useful to first determine how
much of the measured richness, or lack there-
of, is attributable to other causes. 

The effects of sample size are the most eas-
ily addressed. Regression of the log number of
avian taxa on the log number of identified
specimens yields a positive and significant
correlation (r2 = 0.72, P<0.001), illustrating
the tight positive effect of sample size on the
number of kinds of birds identified: the larger
the sample, the more kinds of birds are includ-
ed (figure 69a).  The fit of the line describing
the relationship can be improved slightly by
eliminating the earliest strata from considera-
tion as suggested by Grayson (1998).  In chap-
ter seven it was observed that the numbers of kinds of small
mammals identified in the Homestead Cave assemblages are
greater in the assemblages that accumulated prior to 8.3 ka
(Strata I-III) than after.  Further, the relationship between the
number of taxa and sample size in the mammal-richer assem-
blages from Strata I-III is different than that in the later
assemblages.  If Strata I-III are eliminated from the avian

analysis, the correlation between the number of taxa and
sample size increases slightly (r2 = 0.76, P<0.001).  The in-
creased correlation is due, in large part, to elimination of the
outlier effect of Stratum III.  Stratum III is a very small sam-
ple (N= 77), but it is relatively rich in avian taxa.

However, while Strata II and III both lie above the
regression line, they have more taxa than predicted by
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Figure 69. Relationship of the log number of avian taxa to the log sample size of avian
assemblages for strata in the Homestead Cave column.  Curved lines in (a) denote 95% con-
fidence interval.
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regression, whereas Stratum I does not.  Further,
Strata I and II fall easily within the 95% confi-
dence interval for number of taxa predicted by
regression from sample size, but Stratum IV
does not.  Like Stratum III, Stratum IV lies well
above the 95% confidence interval and I cannot
justify removing I-III without removing IV as
well.  If Stratum IV is also removed, the corre-
lation is slightly greater (r2 = 0.77, P<0.001).
Regression analysis further indicates that, as
with the mammals, the relationship between log
number of taxa and log NISP for the lower stra-
ta is different from the relationship described
above (figure 69b), and the correlation between
these two variables is insignificant for the lower
strata (P> 0.10), regardless of whether Stratum
IV is included with the lower strata or the upper
strata.  The lack of significant correlation may
be due to the small number of cases considered
or a difference in underlying variables that
affect taxonomic representation under different
environmental conditions.  It appears that, for
the avian fauna, the numbers of taxa in the
assemblages from Strata I-IV are determined by
different factors than those that determine the
number of taxa in overlying assemblages.

The residuals of the avian sample size-rich-
ness regressions provide greater insight into the
differences between the assemblages from the
various strata.  Unlike the mammal assem-
blages, not all of the earliest assemblages are the
most taxonomically rich, allowing for the effects of sample
size.  The earliest assemblage, Stratum I, includes the largest
number of identified avian specimens to date but is not the
richest of the strata in the regression.  This difference is
straightforward; with the exception of Ondatra, the mam-
mals from Homestead Cave are terrestrial while the avian
assemblage includes a variety of both terrestrial and water-
dwelling taxa.

Regression of number of waterbird taxa on sample size
reveals a significant correlation between the number of
waterbird taxa and NISP across all strata in Homestead Cave
(r2 = 0.49, P<0.001, figure 70). At the time Stratum I was
accumulating, Lake Bonneville was at the highest level it
would stand during the accumulation of any of the avian
assemblages considered here. The proximity of wetland
environments to Homestead Cave during the accumulation of
Strata I through IV is illustrated by the significant prepon-
derance of waterbirds (all members of the families Podici-
pedidae, Anatidae, Rallidae, Recurvirostridae, Scolopacidae
and Laridae) in the avian assemblage.  Strata I, II, and IV
assemblages include significantly more waterbird taxa than
are predicted by regression on sample size. 

A marked change in richness begins in Stratum V.
Although the small size (N=64) of the Stratum V avian
assemblage precludes identifying the nature of the change
from that assemblage, the trend for assemblages to have
below-predicted richness runs from Stratum V through Stra-
tum X.  Strata V, VIII and X are all below the 95% interval
for species richness predicted by regression for the strata in
Homestead Cave. 

The abundance of waterbirds drops below the overall

assemblage abundance of 36.7% waterbirds between strata
IV and V.  The only stratum above Stratum IV in which the
relative abundance of waterbirds is over 37% is Stratum VI
(% waterbirds = 55.0), where a large number of grebe speci-
mens was identified.  The decrease in waterbird taxa is most
likely reflecting a shift in the environments available for rap-
tor foraging, from lacustrine and shoreline dominated, to
include more diverse terrestrial habitats.

ACCUMULATION BIAS IN THE HOME-
STEAD CAVE AVIFAUNA

Accumulation bias does affect taxonomic richness in
some assemblages.  Homestead Cave is a clear case, at least
in the early assemblages in which the wetland taxa identi-
fied beg the question of why other, larger taxa are missing.
As noted above, the Homestead Cave avifauna was accu-
mulated by raptors, both nocturnal and diurnal, that used
the cave as a roost throughout the Holocene.  Evidence of
deposition as cast pellets remains on many specimens in the
form of fur and feathers adhering to them and packed into
every crevice and opening.  Further, many others have
puncture marks that undoubtedly were made by talons.
Woodrats (Neotoma sp.) may have collected additional
specimens from birds that died nearby and deposited them
in the cave.  There is even the possibility that coyotes or
other mammalian carnivores carried an occasional bird into
the cave or dropped it outside to be carried in by woodrats.
However, non-raptor contributions appear to have been
minimal in the case of the avian specimens.  I have not
observed gnaw marks on any bird bone specimens.

Figure 70. Relationship of the log number of waterbird taxa to the log sample size of
avian assemblages for strata in the Homestead Cave column.  Curved lines denote 95%
confidence interval. 



Raptor Prey 

The influence of accumulation mechanism on the avi-
faunal assemblage is apparent in the upper size limit of birds
that appear in the assemblage.  Notably missing from this
assemblage are loons, pelicans, swans, cranes and herons.
These missing birds are all larger than the raptors, both diur-
nal and nocturnal, that appear to have been responsible for
accumulating the bone assemblage. 

Geese, cormorants, mergansers, gulls and corvids also
are notably rare and sporadic in appearance in the Homestead
Cave avifauna.  The diets of cormorants and mergansers are
almost exclusively fish, which disappeared from the Home-
stead Knoll area early in the record (see Broughton, chapter
nine).  It is possible, however, that these birds are rare in the
Homestead Cave assemblage because they are large.  The
rarity of cormorants and absence of pelicans in Stratum I,
when fish were abundant around Homestead Knoll, may be
due to a common characteristic of the taxa that is also com-
mon to many of the large birds that are not represented: they
are larger than the raptors that accumulated the Homestead
Cave assemblage.  If the local avifauna were being ran-
domly sampled at any point in time, the large-bodied birds
still might not be found due to sampling vagaries associat-
ed with rare taxa.  But if they were they would most like-
ly occur in the lowest strata because most large-bodied
birds in desert environments live in wetland habitats.  Con-
sequently, the size-sorting effect of raptor accumulation
bias is most likely dampening the patterns described
above.  

Gulls do occur in the deepest strata (I, II, III, and IV),
but they are not particularly abundant.  They are surpris-
ingly rare or absent above Stratum IV.  Like the ducks,
they are completely absent in Strata X and XI.  Gulls are
generally not of a size that would preclude capture by rap-
tors and their propensity for nesting on open ground
should make them easy targets.  However, gulls are known
to be difficult prey.  They are colonial and have been
reported to “investigate” predators, clearly learning alarm
and escape behavior (Kruuk, 1976).  Thus, while an occa-
sional gull may fall victim to predation, exploiting a
colony is not a ready resource for predators such as large
flocks of other birds might be.  Like the gulls, the kites,
shrikes and corvids may be rare or absent in the Home-
stead Cave avifauna more because they represented trou-
blesome fare for raptorial midden accumulators than
because they were rare or absent in the environment.

Which Raptors? 

Because the faunal assemblage is largely the remains
of detritus that accumulates under raptor roosts, it is rea-
sonable to ask if some of the shifts in other taxa could be
a reflection of change in raptors roosting in the cave.  For
instance, there is a pronounced shift in the abundance of
passerines relative to all other taxa from the bottom of the
sequence upwards (figure 71), with the exception of the
very small sample from Stratum III.  In Strata I through IV
and below, less than 40% of the identified specimens are
passerines.  From Stratum V upward through the sequence,
40% or more are passerines.  There is a slight increase in
the relative abundance of diurnal raptors in Stratum VIII

and Stratum XV (figure 72), but there is no clear correlation
between the occurrence of any particular raptor and the
occurrence or shift in abundance of other taxa at this time.
This, however, is an issue that should be investigated further.

Another aspect of the raptors, made even more interest-
ing by the small sample size, is the variety of raptorial birds
represented.  I have recognized three accipiters (Northern
Harrier, Sharp-shinned Hawk and Red-tailed Hawk), two fal-
cons (Kestrel and Prairie Falcon) and seven owls (Barn,
Flammulated, Great Horned, Burrowing, Long-eared and
Short-eared and Saw-whet).  As I briefly outlined above, this
combination of diurnal and nocturnal raptors includes
species that prey in most, if not all, of the environments that
would be expected to have occurred in the foraging radius of
Homestead Cave throughout the time represented in the col-
umn.  

Cade (1982), like others before him, has suggested that
the huge, reversed sexual dimorphism in the bird-hunting
raptors may be explained by the need to partition food
resources.  Larger females can take larger prey than their
smaller mates, thus effectively increasing the size range of
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Figure 71. Relative abundance of passerine and nonpasserine birds in the
Homestead Cave column.
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Figure 72. Relative abundance of diurnal and nocturnal raptors in the Home-
stead Cave column.



prey species.  If this is true, sexual dimorphism may effec-
tively double the effects of high predator species richness in
contributing to the high prey species diversity in the Home-
stead Cave avifauna (but see Boal and Mannan, 1996 for a
contrasting view).

ENVIRONMENTAL INDICATORS

Birds are often dismissed as sensitive indicators of past
environments for some rather important reasons.  First, and
probably the most influential, is that they are usually rare in
archaeological and paleontological deposits.  Their aerial,
arboreal, and/or aquatic lifestyles tend to make them less
than prime candidates for preservation in archaeological and
paleontological deposits except under exceptional circum-
stances.  Likewise, their generally fragile skeletal structures
do not lend themselves well to preservation.  Consequently,
unless preservation circumstances are unusual, bird assem-
blages from which environmental inferences can be made are
not common. 

A second factor leading to dismissal of birds as environ-
mental proxy data is that they are difficult and time consum-
ing to analyze.  There are generally many different kinds of
birds living in any environment, even in the Nearctic which
is characterized as having avifaunas that are poor in variety
compared with other areas of the world (Welty, 1982).  The
great diversity of birds means that it is essential to have large
reference collections, laboratory space and time for analysis.
The situation is further confounded by the propensity for
avian taxa to exhibit a great deal of variability within species,
frequently including extreme sexual dimorphism and age-
related size differences and extensive overlap in osteological
characters between closely related taxa. 

And finally, the fact that birds fly and migrate long dis-
tances makes their occurrence somewhat difficult to inter-
pret.  That is, are they in a particular deposit because they
were living in the area or because they died passing through
dangerous and inhospitable territory?  The flight issue is the
most difficult of the three issues to address.  The first prob-
lem is simply a matter of whether bird bones are present or
not.  The second can be addressed through additional effort
in conducting the study (recovering more specimens or
accessing more comparative material).  But the flight issue is
often an interpretive conundrum.  If fortune allows the recov-
ery of a bird assemblage and enough effort is expended to
sort and identify the specimens, how does one interpret birds
that might be present simply because they were strays or
stragglers unfortunate enough to get caught in inhospitable
territory? 

Homestead Cave provided that unusual environmental
circumstance in which the rare, bird-rich bone assemblage
has been preserved.  Although it has some accumulation
biases as discussed above, the large and diverse assemblage
provides an unusual, if not unique, opportunity to obtain data
from an aspect of the environmental past that is generally
invisible.  All possible efforts are being made to deal with the
problems of identification, including borrowing and prepar-
ing reference materials.  At this time, however, caution must
be used in drawing inferences because a number of identifi-
cations are not complete and a number need to be rechecked
against a larger array of specimens.  The sticky third problem

may also be less an issue in this assemblage because of its
size and diversity.  In this analysis no single specimen or
taxon must bear the weight of a critical inference.  Instead,
multiple specimens or taxa can be used to support inferences.
While unfortunate strays and stragglers undoubtedly occur in
this assemblage, inferences here are based on taxa represent-
ed by numerous specimens, regularly occurring taxa, and
multiple species that provide similar indications, on the
assumption that, by definition a stray or a straggler is an
uncommon occurrence.  If the birds are abundant and/or
occur with some regularity, they probably were in the area
for a reason.

Most Abundant Taxon 

The three most common families of birds represented in
the Homestead Cave avifaunal assemblage are Podicipedidae
(grebes), Anatidae (ducks) and Alaudidae (larks) (figure 73).
Grebes account for over 30% of the total assemblage and
between 8 to 57% of the assemblages from individual strata.
They are noticeably present in all strata, accounting for
approximately 20% of the identified elements in all but Stra-
tum XVI and Stratum XVII, where their frequency drops to
less than 12%.  They reach a peak of abundance in Stratum VI.

Although ducks account for only 15% of the total assem-
blage, they are the most abundant family of birds in Stratum
I, making up almost 50% of the identified assemblage.  Their
frequency drops to between 17 and 21% in Strata II - IV, then
to less than 10% in Stratum V.  They remain rare or absent in
overlying strata.

Horned Larks make up approximately 20% of the total
assemblage.  They are, however, relatively rare in Strata I
through IV, making up less than 10% of the identified speci-
mens.  In Strata V and VI Horned Larks account for between
10 and 15% of the identified assemblages.  From Stratum VII
upward through the column, Horned Larks account for at
least 20% of the identified assemblages, reaching peaks of
over 40% in Strata X, XII - XIV, and XVI. 

Habitats amenable to all three families apparently
occurred in the vicinity of Homestead Cave throughout the
sequence, with the possible exception of Strata X and XII
when lake levels may have been too low to appeal to water-
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Figure 73. Relative abundance of grebes, waterfowl and Horned Larks in
the Homestead Cave column.



fowl.  The relative abundance of the three families suggest
there was a radical drop in open water between Strata I and
II, followed by a less radical but continuous loss of duck
habitat through the lowest six strata.  Duck habitat was
apparently rare during the time the middle strata were being
deposited.  The slight, but noticeable, increase in ducks in the
upper strata may indicate more lake-marsh habitat during the
later Holocene.

The relative paucity of Horned Larks in the deepest four
strata also suggest that dry, open grass-shrub habitats were less
abundant around Homestead Knoll during the time the deep-
est strata were deposited than they were later in the sequence.
Horned Larks are relatively abundant by Stratum V and con-
tinue to represent a significant proportion of the identified
bird assemblage throughout the rest of the sequence.

Waterfowl 

Ducks are commonly divided into two categories on the
basis of feeding adaptation: the dabbling, or shallow water,
species (all members of the genus Anas) and diving ducks
(members of the genera Aythya, Bucephala, Mergus and
Oxyura).  The relative abundance of members of these two
categories through time in the Homestead Cave deposits may
provide a significant indicator of relative levels of Lake Bon-
neville as it receded from the area of Homestead Knoll.  

Of the 321 duck specimens identified to at least genus,
and consequently assignable to feeding adaptation category,
slightly more than half (54%) are from shallow-water
species.  However, distribution across strata varies consider-
ably (figure 74).  The majority of the waterfowl are from
Strata I through IV, and most of the diving ducks in the entire
assemblage are from Stratum I.  By Stratum V diving ducks
are extremely rare.  No ducks of either category have yet
been identified from Strata X, XI and XIII.  Above Stratum
XII almost all ducks identified are shallow-water species.

Marshbirds and Shorebirds 

Like the grebes, these taxa occur in at least small num-
bers throughout the Homestead Cave sequence.  Their num-

bers are impossible to interpret at this time due to the fact
that the only members of these groups that are large enough
to be captured with regularity in the 6.3 mm screens are the
large rails, and they do not occur in meaningful numbers.
Analysis of the 3.1 mm sample will hopefully provide a large
enough sample of the smaller taxa to provide an indication of
the nature of nearby wetlands throughout the sequence.

The Terrestrial Taxa 

Aside from the clear increase in abundance of Horned
Larks between StrataVI and VII, there is an associated
increase in other terrestrial species reflected in the overall
increase in passerines (figure 71).  That shift in abundance is
not due entirely to the increase in Horned Larks, but is
reflected in an increase in other species that inhabit open ter-
restrial habitats.  The upland game birds and goatsuckers
show remarkably similar histories (figure 75), except in Stra-
ta IV and IX where goatsuckers are considerably more abun-
dant than upland game birds.  Caution is recommended in
interpreting these records due to the small sample sizes for
these taxa. 

There is also a marked relative increase in passerines
other than Horned Larks beginning in Stratum VI (figure
76).  Much of the increase in passerines other than Horned
Larks reflects greater proportions of the arboreal taxa listed
in table XXIV.  Many of these species are birds of riparian
habitats, especially lowland valley areas with thickets of
deciduous trees such as willow, aspen and dense underbrush.
However, some of these birds may have been brought in
from the edges of juniper woodlands, and the possibility of
occasional strays and stragglers caught off course in undesir-
able territory cannot be precluded.

Only small numbers of each species of passerine have
been identified to date, unlike the case for waterfowl, grebes
and Horned Larks.  Yet, the probability that many of these
birds represent unfortunate strays and stragglers is lessened
by the similarities in their behavior, feeding strategies and
dietary preferences, characteristics that are used to define
guilds.  The concept of a guild was proposed by Root (1967)
as a means of defining competitors in trophic-level studies.
Guilds are groups of species in a community that exploit the
same set of resources in a similar manner, but the species are
not necessarily closely related taxonomically.  Members of
guilds often differ in their precise food requirements, thus
reducing the potential for competition among them when
resources are limited.  The taxonomic composition of a guild
can change through the year as migrants are added or sub-
tracted (Ehrlich and others, 1988, p. 493).  In its strictest def-
inition, it may be inappropriate to call a suite of taxa from a
paleontological assemblage a guild due to the impossibility
of assessing precisely the magnitude of dietary overlap for
the various species (Jaksic, 1981; Jaksic and Medel, 1990).
However, given that the frame of reference is the critical
issue in defining a guild (Stiling, 1996, p. 334), the term is
used here to identify a suite of taxa with similar dietary and
habitat preferences.

The clearest suite of taxa in Homestead Cave that can be
characterized as a guild includes a significant number of taxa
that subsist on berries and fruits whenever they are available.
The core of this group in the Homestead Cave avifauna is the
waxwings.  Although neither species of waxwing is current-
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Figure 74. Relative abundance of dabbling and diving ducks in the Home-
stead Cave column.



ly abundant in the Great Basin on a regular basis, they
appear in dramatic and apparently irregular migratory
invasions known as irruptions.  Irruptions usually occur
when berries are available, but not necessarily on an
annual basis (Ehrlich and others, 1988, p. 639).  Migra-
tory waxwing flocks feeding on locally abundant berry
crops may be monospecific but are often mixes of both
species of waxwings and may include other berry-feed-
ing taxa such as American Robins (Turdus migratorius).
Species found in the Homestead Cave avifauna with a
marked taste for berries that could be considered as
members of the Homestead Cave berry guild are listed
in table XXVI.

A guild of berry-feasting birds very likely repre-
sented an abundant resource for raptors, at least season-
ally when the hackberries were ripening near Home-
stead Knoll.  Further, it is entirely possible that at least
some of the numerous hackberry seeds in the Home-
stead Cave matrix were introduced as part of the cast
pellets containing the bones of these birds.

CHANGES IN THE HOMESTEAD CAVE
AVIFAUNA THROUGH TIME

A diverse suite of both diurnal and nocturnal raptors
were clearly hunting in a mosaic of habitats and roost-
ing in or near Homestead Cave throughout the time
recorded in the avian assemblages recovered from the
stratigraphic column.  A synopsis of the changes noted
between the 6.3 mm samples from each stratum, as
detailed above, and environmental inferences drawn
from those changes follows.  The environmental infer-
ences are made, however, recognizing that a number of
specimens from the 6.3 mm sample remain to be identi-
fied and further recognizing that the 3.1 mm sample has
only been analyzed to the point that it is clear that it
contains many potentially environmentally sensitive
taxa that could significantly change the inferences
drawn here.

The Stratum I and II assemblages are dominated by
waterbirds, having the greatest number of waterbird
taxa and the greatest percentage of waterbird specimens
of any strata, indicating the proximity of lacustrine
habitats for raptorial foraging.  The occurrence of a
waterfowl-dominated assemblage in Stratum I reflects
the most abundant open-water bird assemblage in the
column, most likely accumulated from the receding
waters of Lake Bonneville.  After Stratum I, grebes
remain abundant until sometime between Stratum IX
and Stratum XI.  The grebes suggest that water was not
uncommon, though undoubtedly in smaller and more
ephemeral bodies. 

Beginning in Stratum II there is a decline in water-
fowl relative to grebes and Horned Larks, suggestive of
decreasing open-water habitats and an increasing diver-
sity of habitats being sampled by the raptors.  The de-
crease in deep-water taxa (diving ducks) may reflect
recession of the lake away from Homestead Cave.
Open-habitat terrestrial taxa such as Horned Larks
increase, but upland game birds (grouse) and the berry
guild (waxwings, woodpeckers, and others) indicate
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Figure 75. Relative abundance of upland game birds and goatsuckers in the
Homestead Cave column.
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Figure 76. Relative abundance of Horned Larks and other passerine and non-
passerine birds in the Homestead Cave column.

Table XXVI
Potential members of the Homestead Cave berry guild

Picidae Woodpeckers
Melanerpes lewis Lewis’ Woodpecker
Sphyripicus sp. Sapsucker
Picoides sp. Woodpecker
Colaptes auratus Northern Flicker

Tyrannidae Tyrant Flycatchers
Tyrannus verticalis Western Kingbird

Muscicapidae Muscicapids
Myadestes townsendi Townsend’s Solitaire
Turdus migratorius American Robin

Mimidae Mockingbirds, Thrashers and Allies
Oreoscoptes montanus Sage Thrasher

Bombycillidae Waxwings
Bombycilla garrulus Bohemian Waxwing
B. cf. cedrorum Cedar Waxwing

Emberizidae Emberizids
Pipilo cf. erythrophthalmus Towhee, Rufous-sided

Fringillidae Finches and Allies
Carduelis tristis American Goldfinch
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shrubby riparian woods are providing many of the birds
deposited during Strata II - IV times.  

In Strata V-VI there is a drop in avian taxonomic rich-
ness, reflecting the loss of diving ducks, shorebirds and other
waterbirds.  In Strata I - VI, there are more non-passerines
than passerines.  This relationship is reversed in Stratum VII
and above, reflecting the loss of water-oriented taxa in favor
of terrestrial birds, particularly the berry guild and Horned
Larks, a trend that begins in Stratum V. 

The berry guild, including the sapsuckers, continues to
be well represented throughout the stratigraphic column.
Although none of the berry-eating species require significant
stands of trees, their continued presence indicates that at least
patchy riparian woodlands, with deciduous species such as
willow and/or cottonwood, continue to be important foraging
habitats for raptors throughout all strata, with the possible
exception of Strata X, XIV, XVII and XVIII, where sapsuck-
ers have yet to be identified.  Those strata that pose possible
exceptions are all very small samples and may lack sapsuck-
ers as a function of sample size. 

In Strata VII - X, Horned Larks increase in abundance
suggesting that dry, open habitats are the primary habitats
available for foraging raptors.  At least patches of ephemeral
water are indicated by the continued presence of grebes and
other waterbirds, as are patches of riparian woods.  Waterbird
taxonomic richness is very low in Strata VIII and X, sup-
porting the inference that wetlands are uncommon during
this period.

In Stratum XI there is a significant (greater than one
standard error above the predicted value given the sample
size) increase in taxonomic richness, suggesting an increased
diversity of available habitats.  This increase in number of
taxa is due primarily to the increase in number of kinds of
owls in the Stratum XI assemblage.  From Stratum XI until
the sequence ends, Horned Larks are the most abundant
taxon, indicating much of the increase in habitat diversity
may be changes in terrestrial habitats as opposed to recur-
rence of wetland habitats.  

Strata XII-XIV are characterized by high Horned Lark

abundance, and there are few waterbird taxa in Stratum XII.
Waterfowl return in Stratum XIII and increase in relative
abundance through the end of the sequence.  However, unlike
the relatively high abundance of waterfowl in the early stra-
ta, the waterfowl in the upper strata are almost all shallow-
water ducks.  The stable presence of Horned Larks and the
berry guild indicate that foraging in open terrestrial and
riparian woodlands continued during this interval, but ponds
and streams may have been more abundant.

Stratum XV is characterized by an increase in grebes at
the expense of Horned Larks, a trend reversed again in Stra-
tum XVI along with an increase in waterfowl.  Waterfowl
and grebes then increase through the top two strata.  The
increase in waterbirds, particularly the waterfowl, suggests
that wetland habitats (ponds and streams) were more com-
mon during the time the uppermost three strata were accu-
mulating than during any period after the deposition of Stra-
tum IV. 
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INTRODUCTION

Biological evidence on the climatic and hydro-
graphic history of the intermountain region
would be much richer, if we had more than the
present dribble of paleontological data on the
fishes (Hubbs and Miller, 1948, p. 25).

In this passage from their landmark synthesis of histori-
cal fish biogeography in the Great Basin, Hubbs and Miller
lament the dearth of available fish fossil evidence and sug-
gest that a far more detailed picture of past climates and
hydrography would emerge were this situation to change.  To
Hubbs and Miller, the geographic distributions of fishes,
both past and present, held the “least assailable” evidence of
past hydrographic connections and climatic history of the
Great Basin since “...fishes appear to occur only in habitats
which they have been able to reach through surface water
connections, by means of either active or passive migration.
The dispersal of fishes is therefore closely linked with the
history of water courses.”  The key assumption of this
approach followed the earlier pioneering work of Jordan
(1905) and was succinctly paraphrased by Smith, G. R. (in
press): “fish are where they can swim and stop there.”

In this approach, climatic inferences are derived prima-
rily by documenting previous hydrographic connections
from the geographic distributions of fishes and deducing the
levels of ancient lake systems that would have allowed for
such connections.  A richer fossil fish record would enhance
our understanding of historical fish biogeography and ulti-
mately lead to a greater understanding of regional paleohy-
drography and climate change.

Inferences on the nature of past climates can be derived
from fossil (or subfossil) fish assemblages in ways other than
those based strictly on biogeography.  Fluctuations in the size
and depth of a lake can, of course, have dramatic effects on
water chemistry and temperature and, in turn, profoundly
influence the nature of its fish populations.  In addition to
controlling whether a lake can support fish at all, water tem-
perature and salinity, for example, play critical roles in deter-
mining the species composition, growth characteristics, and
the age and size structure of fish populations.  As a result,
high-resolution fossil fish sequences from Lake Bonneville
could provide fine-scale details on lake-level oscillations to
test and refine hypotheses based on other sources.  And since
there is perhaps a no more sensitive measure of regional cli-
mate than the size of closed-basin lakes, paleofish faunas can
potentially provide one of the more direct proxies of climate
change.

Utilizing this ichthyological source of information on
past climates in the Bonneville basin has not, however, been
possible due to what has continued to be an extremely sparse
late Quaternary paleontological fish record in the region.

While geological research of Lake Bonneville extends well
back into the 19th century, knowledge of Lake Bonneville’s
fish fauna has been derived primarily from a single detailed
analysis conducted by Smith and colleagues in the 1960s
(Stokes and others, 1964; Smith and others, 1968).  Smith’s
unique study of Quaternary fish biogeography in the Bon-
neville basin was based on the materials derived from two
fossil fish localities in the northern Bonneville basin and pro-
vided our first glimpse of the fish fauna of Lake Bonneville.
Smith identified eight species from these deposits and docu-
mented that the species composition of Lake Bonneville was
very similar to that of the Recent fauna of Bear Lake, Utah-
Idaho.  This clearly confirmed the physiographic evidence
that Bear Lake was tributary to Lake Bonneville during plu-
vial times.  The analysis also revealed that the high degree of
isolation and endemism among modern fishes of the Bon-
neville basin is recent in origin.  The sites that produced the
fish materials were, however, not well dated, nor were they
internally stratified.  Accordingly, no analysis of temporal
variation in Lake Bonneville’s fish fauna could be under-
taken for any purpose.

The precisely dated ichthyofauna from Homestead Cave
represents the largest, well-stratified, and richest  Quaternary
fish assemblage from the entire Bonneville basin and the
only known terminal-Pleistocene fish fauna of the region.
This fauna provides an unprecedented opportunity to exam-
ine the dynamics of Lake Bonneville’s fish populations as it
fluctuated toward the end of the Pleistocene and sheds light
on both the nature and timing of fine-scale climatologically
driven lake level oscillations and late Quaternary fish bio-
geography in the Bonneville basin.  At last, we have far more
than a dribble.

DEPOSITIONAL ORIGIN OF THE HOME-
STEAD CAVE FISHES

The analyses of the Homestead fishes that follow
depend in many ways on an understanding of their deposi-
tional origin.  As previously emphasized (Grayson, chapter
seven; Livingston, chapter eight), the mammals and birds
from Homestead Cave were apparently accumulated by rap-
torial birds, especially owls.  Owl pellet cones were observed
on the floor of the cave when the excavation began, the
deposits contain numerous owl pellets, and many of the
bones themselves still have owl pellet material adhering to
them.  Although it is possible that the fish materials may have
washed into the cave as the lake descended past its mouth
during the post-Provo recession, the available evidence does
not support this scenario.  Instead, like the other vertebrates,
the fish remains from Homestead Cave appear to have result-
ed from the use of the cave by owls.

A water-deposited origin for the Homestead fishes now
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appears unlikely for three reasons.  First, evidence from the
sediments of Stratum I (chapter three), where the fish re-
mains are concentrated (see below), show no evidence of
water-laid deposits.  In fact, the cave appears to have been
completely scoured out as the lake regressed past its mouth.
Second, a diversity of small mammal and bird species domi-
nates the vertebrate faunal assemblage in Stratum I of Home-
stead Cave; these materials are unlikely to have been deposit-
ed by water.  Finally, the high strontium ratios (0.7125-
0.7129) of the Homestead fishes indicate they originated
from a low-elevation lake, and postdate the late Pleistocene
lake-splitting event (see Quade, chapters two and five).  The
water-deposited hypothesis, on the other hand, calls for a
higher elevation lake - one of roughly the elevation of the
mouth of the cave -  and fish strontium ratios low enough to
indicate they occupied Lake Bonneville before the time of
the lake-splitting event.

The analysis of the Homestead avifauna has document-
ed the presence of nine raptor taxa in the lower strata (I-III)
of the deposit (chapter eight; table XXIV).  Of these taxa,
only two routinely roost and nest in open caves: Bubo vir-
ginianus, Great Horned Owl and Tyto alba, Barn Owl, (fig-
ures 77, 78).  Although the diet of these owls is comprised
predominantly of small mammals, both species have been
reported to utilize fish. 

Reports of barn owls taking fish are extremely rare.  The
only reference of which I am aware was provided by Gallup
(1949, p. 150).  In Escondido, California, Gallup (1949, p.
150) noted that: “Barn owls are common birds in the region.
I have seen as many as 30 on the beach at night feeding on
grunion when these were running.” 

Accounts of Great Horned Owls taking fish are far more
common.  Although fish remains have been reported in small
quantities from the pellets of Great Horned Owls in a variety
of settings in western North America (Marti, 1974; Knight
and Jackman, 1984; Marti and Kochert, 1996; Bogiatto, in

prep.), the most detailed accounts come from eastern North
America.  For instance, in an analysis of 33 Great Horned
Owl pellets collected in Wisconsin, Errington and others
(1940, p. 806) indicate that fish were represented by at least
13 individuals comprising four different species.  Similarly,
a total of nine individual fish, also representing four species,
were identified from a set of 21 Great Horned Owl pellets
collected in Iowa (Errington and others, 1940, p. 850).
Errington and others (1940, p. 806) indicate they “know lit-
tle of the horned owl’s technique in capturing fishes but have
some reason to think that in winter it gets them mainly from
concentrations about open springs or holes in the ice at the
edge of lakes...It may be that the owls scavenge upon fishes
stranded, washed ashore or left by other animals.”  Errington
and others (1940) do not indicate what the reasons were for
thinking this, but it is well known that Great Horned Owls
are eager scavengers. 

From an analysis of Great Horned Owl pellets from the
Caney Creek roost in middle Tennessee, Klippel (personal
communication 1998) indicates that fish remains comprise
over 44% of the total vertebrate MNI (minimum number of
individuals).  The sample contains 33 individual fish, repre-
senting three families (Cyprinidae, Catostomidae and Cen-
trarchidae) and 11 different species.  Suckers, including
Hypentelium nigricans, northern hog sucker, Moxostoma
duquesnei, black redhorse, Moxostoma spp., redhorse, and
unidentified catostomids, represent over 66% of the fish
MNI.  Klippel observed suckers spawning in the shallow
water of Caney Creek near the roost that provided the pellets.
While engaged in their spawning activities, adult fish
became partially dewatered and would have made easy quar-
ry for the owl (Klippel, personal communication 1998).
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Figure 77. Great Horned Owl (Bubo virginianus).  Figure 78. Barn Owl (Tyto alba).

Figures 77 and 78 are from Udvardy, M.D.F. (1977).  Audubon Society Field Guide to North American Birds - Western
region.  New York, Knopf,  distributed by Random House.  All the fish figures are from Sigler and Sigler 1996, with one
exception, figure 80, the picture of the bull trout.  That figure is from Sternberg, D. (1987), Freshwater Gamefish of North
America, Cy DeCosse, Incorporated, Minnetonka, Minnesota  553345.  ISBN  0-86573-023-7.  Distributed by Prentice
Hall Press, a division of Simon and Schuster, Inc., NY, NY.  ISBN 0-13-331125-2.
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These limited data suggest that owls exploit fish resources
only when the costs of taking them are substantially reduced,
such as when fish are stranded (dead or alive) on shorelines
or partially exposed in shallow streams (Gallup, 1949;
Errington and others, 1940; Klippel, personal communica-
tion 1998).  I am unaware of any accounts of these owls tak-
ing live fish from deep open water.

In addition, many of the fish specimens recovered from
Homestead Cave represent very large individuals (>2.6 kg
estimated live weight), which suggests they could not have
been taken and carried out of deep water by owls but instead
reflect fish parts that were scavenged by these birds.  For
example, many of the salmonine vertebrae (most probably
represent Oncorhynchus clarki) exceed 9.0 mm in maximum
width, suggesting live weights over 2.6 kg; some exceed 11.0
mm, suggesting weights over 6.2 kg (see Follett, 1980: 115,
1982: figure 3).  The large size also eliminates the possibili-
ty that these fish entered the cave in the stomachs of fish-eat-
ing birds (for example, Phalacrocorax auritus, Aechmophor-
us occidentalis) who had fallen prey to owls.

The maximum distance from roost to foraging areas
reported for the Barn Owl is 5.6 km (Marti, 1992); that dis-
tance for the Great Horned Owl is 4.35 km (Smith, 1971).
Thus, aquatic habitats that supported, but at least periodical-
ly lost, fish populations must have existed within a radius of
~6 km or less from Homestead Cave during the periods of
their deposition.

In sum, the fishes from Homestead Cave appear to have
been accumulated by scavenging owls.  An owl-based origin
of the Homestead fishes suggests that local fish populations

experienced substantial mortality (that is, die-offs) and/or
were frequently exposed in very shallow water over the time
the fauna accumulated.  Strata in which the remains of Lake
Bonneville fishes are abundant should thus signal recession-
al periods of the lake’s history.  By dating those strata, infer-
ences on the chronology of lake-level fluctuations and cli-
mate change can be derived.

TAXONOMIC SUMMARY

The fish materials from Homestead Cave are heavily
concentrated in the lowest stratum of the deposit, Stratum I.
As I discuss in detail below, the extremely low representation
of fish materials in the deposits above Stratum I appears to
reflect the extinction of Lake Bonneville’s fish fauna.  All of
the fish materials from the 6.3 mm and 3.1 mm sample frac-
tions of Homestead Cave have been identified and are
reported here.

Table XXVII provides a systematic list of the identified
fish species in the Homestead Cave deposits; nomenclature
follows Robins and others (1991).  The total numbers of
identified specimens per taxon by stratum are provided in
table XXVIII.  Table XXIX provides the numbers of identi-
fied specimens by provenience unit for Stratum I.  The num-
bers of identified fish specimens by element and taxon for
the Homestead Cave deposits are archived in electronic form
at the Utah Geological Survey (see Broughton, 2000).

A total of 14,866 fish specimens have been identified
from the Homestead Cave deposits (table XXVIII).  The as-

Table XXVII
Sytematic list of the fishes identified at Homestead Cave

Osteichthyes

Salmoniformes Pikes, Smelts, Trouts and Allies
Salmonidae Trouts, Chars, Whitefishes and Allies

Salmoninae Trouts and Chars
cf. Salvelinus confluentus Bull Trout
Oncorhynchus clarki Cutthroat Trout

Coregoninae Whitefishes
Prosopium spilonotus Bonneville Whitefish
Prosopium abyssicola Bear Lake Whitefish
Prosopium spilonotus/abyssicola Bonneville or Bear Lake Whitefish
Prosopium gemmifer Bonneville Cisco

Cypriniformes Minnows and Suckers
Cyprinidae Minnows

Gila atraria Utah Chub
Richardsonius balteatus Redside Shiner

Catostomidae Suckers
Catostomus ardens Utah Sucker
Catostomus discobolus Bluehead Sucker

Scorpaeniformes Scorpionfishes, Sculpins and Allies
Cottidae Sculpins

Cottus bairdi Mottled Sculpin
Cottus extensus Bear Lake Sculpin
Cottus extensus/echinatus Bear Lake or Utah Lake Sculpin
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semblage is represented by three orders (Salmoniformes,
Cypriniformes and Scorpaeniformes), four families (Sal-
monidae, Cyprinidae, Catostomidae and Cottidae) and
eleven species.  The species represented include cf. Salveli-
nus confluentus, bull trout, Oncorhynchus clarki, cutthroat
trout, Prosopium spilonotus, Bonneville whitefish, Prosopi-
um abyssicola, Bear Lake whitefish, Prosopium gemmifer,
Bonneville cisco, Gila atraria, Utah chub, Richardsonius
balteatus, redside shiner, Catostomus ardens, Utah sucker,
Catostomus discobolus, bluehead sucker, Cottus bairdi, mot-
tled sculpin, and Cottus extensus, Bear Lake sculpin.  As a
group, the whitefish dominate the assemblage comprising
58.2% of the identified specimens.  The percentage compo-
sition of the other major taxonomic groups are as  follows:
minnows and suckers, 32.6%, trout 7.4%, and sculpin, 1.9%.

In this section, I discuss the osteological criteria I used
to identify the Homestead Cave fishes1 and provide informa-
tion on the modern and fossil geographic distributions, habi-
tat requirements, and other data on the life histories of the
represented species.

Salmoninae - Chars and Trouts

Salvelinus confluentus - Bull Trout, and Oncorhynchus
clarki - Cutthroat Trout

Osteological notes: The single premaxilla fragment (figure
79, A, B) identified as cf. Salvelinus confluentus is similar to
Recent material of this species and differs from that of
Oncorhynchus clarki, the abundant and widely distributed

salmonine of the Great Basin.  The teeth of the premaxilla
specimen project mesially, as in S. confluentus, rather than
more directly ventral (that is, in the same plane as the main
body of the bone) as in O. clarki.  Also similar to S. conflu-
entus, the mesial surface of the premaxilla exhibits a well-
developed shelf or spine that extends from the anterior mar-
gin of the bone, just dorsal to the tooth row, to the posterior
base of the ascending process (Norden, 1961, p. 753); O.
clarki lacks this feature.  Unfortunately, the dorsal margin of
this specimen has been fragmented so that it cannot be deter-
mined whether or not it possessed the most diagnostic feature
of S. confluentus, the well-developed ascending process
(Norden, 1961, p. 753).  Gerald R. Smith (1998, personnel
communication) has examined this specimen and concurs
with the identification as S. confluentus.  However, because
of the fragmentary condition of the single specimen I have
included the prefixal cf.

The cranial elements of trout at Homestead Cave are
heavily abraded and fragmentary, owing perhaps to the low
mineral densities of the salmonine crania (Butler and Chat-
ters, 1994). Accordingly, species-level identifications were
not possible for many elements that are diagnostic when they
are intact.  The elements I identified as O. cf. clarki exhibit-
ed features that are similar to both O. clarki and O. mykiss,
rainbow trout, but unlike those of S. confluentus.  The desig-
nation as O. cf. clarki for these specimens is based on the
known Quaternary distribution of these trout species in the
Great Basin (see below). 

I assigned the lingual plate specimens to Oncorhynchus
on the basis of the pronounced medial-lateral ridge on the
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Table XXIX

Numbers of identifed fish specimens per taxon by
provenience unit for Stratum I at Homestead Cave

TAXON PROVENIENCE UNIT
Stratum I Stratum Ia Stratum Ib
FS-47 FS-63 FS-63 FS-64 FS-93 FS-94 FS-75 FS-75 FS-92 FS-95
(6.3 mm)  (6.3 mm) (3.1 mm)  (6.3 mm)       (1.6 mm)      (1.6 mm)   (6.3 mm)   (3.1mm)         (1.6 mm)      (1.6 mm) Total

Salmoninae 210 203 276 12 207 25 13 13 1 22 982
cf. Salvelinus confluentus - 1 - - - - - - - - 1
Oncorhynchus cf. clarki 15 20 5 - 14 2 4 - - - 60
Oncorhynchus clarki 1 - - - - - 1 - - - 2
Prosopium sp. 103 72 768 2 4726 1008 6 204 48 401 7338
Prosopium cf. spilonotus 42 26 11 - 3 2 - - - - 84
Prosopium spilonotus 3 9 14 1 5 1 - 4 - 3 40
P. spilonotus/abyssicola 8 6 79 - 59 14 3 11 - 2 182
Prosopium abyssicola - - 2 - 6 - - - - - 8
Prosopium gemmifer 1 4 220 - 349 100 - 50 3 34 761
Cypriniformes 229 161 772 5 317 50 16 88 9 49 1696
Cyprinidae 2 - 32 - 15 16 - 4 - 3 72
Gila atraria 150 68 221 4 140 29 5 17 3 23 660
Catostomus sp. 294 241 363 2 206 49 23 21 3 21 1223
Catostomus ardens 61 32 41 - 15 5 1 1 - 7 163
Cottus sp. 3 - 50 - 134 31 - 13 1 8 240
Cottus cf. bairdi - - - - 1 - - - - - 1
Cottus bairdi - - 2 - 2 2 - - - - 6
Cottus extensus/echinatus - - 3 - 6 3 - - - - 12
Cottus extensus - - - - 2 3 - - - - 5

Total 1122 843 2859 26 6207 1340 72 426 68 573 13,536



ventral-anterior surface of these elements; the corresponding
surface in S. confluentus is smooth.  The salmonine vomers
were identified as Oncorhynchus since the specimens exhib-
ited a long, zigzag row of substantial teeth on an elongated
vomeral shaft (Stearley and Smith, 1993, p. 17).  In Salveli-
nus, teeth occur in a patch on the head of the vomer and the
posterior extension of teeth is not supported by the vomeral
shaft but, instead, by a crest ventral to the shaft that is
attached to the head of the vomer (Stearley and Smith, 1993,
p. 17).  The ceratohyal specimens are relatively deep for their
length, as in Oncorhynchus; these elements are more slender
(dorsal-ventrally compressed) in S. confluentus (Stearley and
Smith, 1993, figure 17).  The maxillae are referable to On-
corhynchus on the basis of the orientation of the premaxillary
process.  In Oncorhynchus, this feature is oriented dorsally
less than 10° from the main axis of the maxilla.  In Salveli-
nus, the premaxillary process is oriented greater than 10°
from the main axis of the maxilla (Stearley and Smith, 1993).
As in Oncorhynchus, the Homestead salmonine basioccipi-
tals exhibit paired ventrolateral walls that form a deep V-
shaped furrow along the ventral portion of the element.  In
Salvelinus, the ventrolateral walls are less elevated and are
flattened ventrally to form a shelf for articulation with the
posterior parasphenoid.

I used only a single diagnostic element, the basibran-
chial, to provide species level identifications of the Home-
stead trout.  The two basibranchial specimens (figure 79C)
were identified as O. clarki since they were toothed; the basi-
branchials are untoothed in O. mykiss (Norden, 1961; Stear-
ley and Smith, 1993).  The basibranchials lack a sharp-edged

ventral keel as in S. confluentus.
Distribution and habitat: Salvelinus confluentus (figure 80)
is a large piscivorous char that can attain lengths of over 1 m
and weights of up to 18.3 kg (Cavender, 1978).  Historically,
Salvelinus confluentus was widely distributed in western
North America from northern California to the south, north
to Alaska, and east to Alberta (Cavender, 1978; Hass and
McPhail, 1991).  They have affinities for cold, clear lakes
and streams that are fed by mountain glaciers and snowfields
(Cavender, 1978). 

No specimens, fossil or otherwise, have previously been
collected for Salvelinus in the Great Basin.  The nearest mod-
ern specimen record for Salvelinus confluentus is from the
Jarbidge drainage, a tributary of the Snake River in north-
eastern Nevada (Miller and Morton, 1952; Cavender, 1978).
The Salvelinus clade is known from Miocene deposits in
both central Nevada and the Snake River Plain (referred to as
Hucho larsoni; Smith, G. R., in press).  Asingle historical account of
char in the Bonneville basin was, however, provided in the
early 19th century by John Kirk Townsend, a trained zoo-
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Figure 79. Selected diagnostic salmonid fish elements from Homestead Cave: (A) lateral view of right premaxilla of cf. Salvelinus confluentus, (B)
mesial view of right premaxilla of cf. Salvelinus confluentus (same specimen as A),  (C) basibranchial of Oncorhynchus clarki, (D) left dentary of
Prosopium spilonotus, (E) left dentary of Prosopium abyssicola, (F) left hyomandibular of Prosopium gemmifer, (G) left dentary of Prosopium gem-
mifer,  Scale: bar length = 1 mm.

Figure 80. Bull trout (Salvelinus confluentus).



logist.  Townsend was traveling as an assistant to the English
botanist Thomas Nuttall on a scientific collecting expedition
across the Rocky Mountains to the Columbia River.  En-
camped along the Bear River on July 6, 1834, about 19 km
miles south (upstream) of Soda Springs, Idaho, Townsend
(1978, p. 89) reported that: “Trout, grayling, and a kind of
char are very abundant here - the first very large.”  Nuttall
was familiar with fishes of the Great Lakes, which included
grayling and char (Smith, G. R., in press), and since char are
so easily distinguished from trout - char are dark with light
spots, while trout are light with dark spots - there is little
reason to dispute Townsend’s record.  Hubbs and Miller
(1948, p. 76) have also reported a “glacial relict” population
of Salvelinus from the Lost River system on the eastern
Snake River Plain, located about 180 km north of where
Townsend reported these fish. 

O. clarki (figure 81), divided into six regional sub-
species, is native to most of the major river drainages of
montane western North America.  O. clarki is the only native
trout species of the Great Basin, with the exception of O.
mykiss gairdneri, redband trout, of southeastern Oregon,
which displays a composite of O. mykiss and O. clarki char-
acters (Smith, G. R., in press).  In the Bonneville basin, and
most other locations within its range, O. clarki occurs in cold
freshwater lakes, rivers and streams.  However, certain pop-
ulations outside of the Bonneville basin have adapted to
higher-salinity conditions.  Some stocks inhabiting coastal
drainages are anadromous, spending summer months well
out to sea.  O. clarki henshawi, Lahontan cutthroat trout,
have adapted to the moderately saline waters of Pyramid
Lake (5300 ppm, [mg/l] TDS) and Walker Lake (10,300 ppm
TDS).  Populations inhabiting lakes spawn up inflow
streams.  O. clarki can reach substantial sizes; records for
Nevada and Utah are 18.6 kg (41 lb) and 12.1 kg (26 lb, 12
oz), respectively (Sigler and Sigler, 1996).

O. clarki is known from several other late Pleistocene
deposits in the Bonneville basin.  Smith and others (1968)
described O. clarki specimens from the Black Rock Canyon
locality of the northeastern Bonneville basin. O. clarki mate-
rials have also been derived from deposits of the Old River
Bed, located between the northern and southern portions of
Lake Bonneville (Oviatt, 1984, p. 59).  Mead and others
(1982, p. 7) report O. clarki specimens from the late Pleis-
tocene deposits of Smith Creek Canyon in the Snake Valley
of eastern Nevada.

Coregoninae—Whitefishes

P. spilonotus - Bonneville Whitefish, P. abyssicola - Bear Lake
Whitefish, and P. gemmifer - Bonneville Cisco

Osteological notes: Four whitefish species are native to the

Bonneville basin: Prosopium williamsoni, P. spilonotus, P.
abyssicola and P. gemmifer.  Both P. abyssicola and P. gem-
mifer are small whitefish.  P. gemmifer rarely attains lengths
over 216 mm (Sigler and Workman, 1978, p. 6).  P. abyssi-
cola rarely exceeds 254 mm in length (McConnell and oth-
ers, 1957); the historical size record is 305 mm (Snyder,
1919).  The other two whitefish that occur in the Bonneville
basin, P. williamsoni and P. spilonotus, can reach much larg-
er sizes: for both species, fish larger than 400 mm are not
uncommon (McConnell and others, 1957; Sigler, 1951).
Accordingly, I used the size of the Homestead whitefish
specimens as an identification criteria for specimens that
lacked other diagnostic characters.

I used the shape and orientation of the hyomandibular
fossa of the opercle to separate P. spilonotus and P. abyssico-
la from P. williamsoni.  In P. williamsoni, the medial margin
of this fossa is squared-off; in P. spilonotus and P. abyssico-
la the medial margin of this feature is rounded.  I found no
criteria to separate the opercles of P. abyssicola and P. spi-
lonotus.  The hyomandibular fossa of the opercle in P. gem-
mifer is, however, distinct from all of the other whitefish.
Specifically, the postero-dorsal margin of the hyomandibular
fossa is more elevated, extending to or very near the dorsal
margin of the opercle.  The fossa thus appears to sit more
directly atop the dorsal margin of the bone in P. gemmifer
than in the other species of Prosopium. 

I used the orientation of the coronoid process to identify
the Prosopium dentaries.  This feature varies systematically
among the Bonneville basin whitefish along a gradient con-
sistent with the phylogenetic relationships of these species
(figure 79D, E, F; see Smith and Todd, 1993).  Representing
the ancestral condition, the coronoid process in P. william-
soni rises (dorsally) at a steep angle from the symphysis.  The
most derived condition is represented by P. gemmifer where
the coronoid process is deflected posteriorly and rises at a
very shallow angle from the symphysis.  This condition is
associated with the specialized elongation of the anterior por-
tion of the cranium in P. gemmifer (see Smith and others,
1968, figure 3; Smith and Todd, 1993, figure 1).  P. spilono-
tus and P. abyssicola represent the intermediate states of this
feature.  However, the orientation of the coronoid process in
P. spilonotus is more similar to P. williamsoni, while this fea-
ture in P. abyssicola is more similar to P. gemmifer.

The articular-angular is distinctive in P. gemmifer.  In P.
gemmifer, the dorsal margin of the body of the articular-
angular rises anteriorly at a very shallow angle from the
quadrate articulating surface; this angle is much steeper in all
of the other Bonneville basin whitefish.  I used this feature,
as well as size, to identify the Prosopium articular-angulars.
The basioccipital in P. gemmifer is narrow relative to its
length, compared to all of the other Bonneville basin white-
fish.  Among the reference material available to me, I found
no criteria to securely separate the other Prosopium species
using this element. 

In P. gemmifer, the ceratohyal is more slender (dorso-
ventrally compressed) for its length compared to the other
Bonneville basin Prosopium.  I distinguished P. spilonotus
from P. williamsoni by the relative length of the ceratohyal
foramen: the foramen is longer, relative to the total length of
the bone, in P. spilonotus.  The relative length of the cerato-
hyal foramen is still longer in P. abyssicola compared to P.
spilonotus.
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Figure 81. Cutthroat trout (Oncorhynchus clarki).



The mesially deflected premaxillary process of the max-
illa with a pointed condyle allows the secure identification of
P. gemmifer with this element.  I was unable to isolate char-
acters that distinguished the remaining whitefish species
using the maxilla.  The quadrate is also quite distinct in P.
gemmifer.  Specifically, the latero-ventral margin of the artic-
ular process does not project laterally in P. gemmifer as it
does in the other whitefish.  In addition, a marked concavity
is present in P. gemmifer on the latero-ventral margin of the
quadrate just posterior to the articular process.  I separated
the two larger whitefish on the basis of the morphology of the
quadrate as well.  In P. williamsoni, a shallow concavity is
present on the medial surface of the quadrate just dorsal to
the articular process.  P. spilonotus lacks this concavity.

The morphology of the hyomandibular allows secure
separation of P. gemmifer (figure 79F) from the other Bon-
neville basin whitefish.  In P. gemmifer, the postero-lateral
ridge is less flared posteriorly than in the other Prosopium.
In addition, the angle formed between the main axis of the
ventral body of the hyomandibular and the margin formed
between the opercular condyle and the dorsal condyle is less
acute in P. gemmifer than in the other whitefish.  I was unable
to identify characters of the hyomandibular that would allow
the consistent identification of P. williamsoni, P. abyssicola
and P. spilonotus among the modern reference material of
these taxa. 

I used a variety of characters of the prootic to identify
the Homestead whitefish.  A pronounced concavity is evident
on the postero-medial surface of Prosopium prootics.  In P.
spilonotus and P. abyssicola, the anterior and dorsal margins
of this concavity are well defined and elevated; the corre-
sponding margin in P. gemmifer is poorly defined and
depressed.  In P. abyssicola and P. spilonotus, the protuber-
ance on the lateral aspect of the sphenotic condyle is situat-
ed more dorsally on the body of the prootic and projects less
anteriorly than in P. williamsoni.  In addition, the medial sur-
face of the prootic is porous in P. abyssicola and P. spilono-
tus.  The mesial surface of P. williamsoni is smooth.

I used the degree of porosity on the endocranial surface
of the exoccipital to distinguish P. abyssicola and P. spilono-
tus as a group, from P. williamsoni. Specifically, the antero-
lateral surface between the pterotic and epiotic condyles is
porous in P. abyssicola and P. spilonotus but smooth in P.
williamsoni.  Since I identified no P. williamsoni from the
Homestead material based on other diagnostic criteria, while
P. spilonotus is well represented in the collection, I assigned
all the Prosopium materials too large for P. gemmifer and P.
abyssicola as P. cf. spilonotus. 
Distribution and habitat: Of the four species of whitefish
that occur in the Bonneville basin today, three are present in
the Homestead Cave ichthyofauna: P. spilonotus (figure 82),
P. abyssicola (figure 83) and P. gemmifer (figure 84).  Each
of these three species are presently endemic to Bear Lake.  At
an elevation of 1805 m, Bear Lake is a fresh, deep, cold and
infertile (oligotrophic) body of water with over 50 percent of
the lake registering a depth of more than 30.5 m; the maxi-
mum depth is 64 m (Sigler and Sigler, 1996, p. 13, p. 194).
The fourth Bonneville basin whitefish, P. williamsoni, was
not demonstrably present in the Homestead deposits.  This
species is widespread in western North America where it is
most abundant in cold mountain rivers and streams.  Some
lake populations, however, do exist.  P. williamsoni has been

reported in Bear Lake (Kemmerer and others, 1923), but they
have been extremely rare in that setting throughout historical
times.  McConnell and others (1957, p. 20) suggested that the
few P. williamsoni reported in Bear Lake may have drifted in
from the Bear River.

P. spilonotus is the large wide-ranging whitefish of Bear
Lake.  P. spilonotus usually occurs in waters between 12.2 to
30.5 m and deeper but moves into shallower water near the
shore between mid-February to early March to spawn in
water temperatures of about 7.2°C.  The species is primarily
insectivorous, with chironomid (midge) larvae and pupae
forming the dominant component of their diet (McConnell
and others, 1957, p. 53).  Smith and others (1968) identified
Prosopium spilonotus from the late Pleistocene Hot Springs
and Black Rock Canyon localities, both of the northeastern
Bonneville basin, on the basis of basioccipital specimens.

P. abyssicola is a dwarf, deep-water whitefish of Bear
Lake.  They rarely frequent inshore areas.  Spawning takes
place from late December to early February in depths rang-
ing from 15 to 30 m when water temperatures drop between
2.2 to 3.9°C.  A diet of ostracodes, copepods, midge larvae
and aquatic oligocheates reflects a dependence on the deep,
soft marl bottom of Bear Lake (Wurtzbaugh and others,
1989; McConnell and others, 1957).  The Homestead Cave
specimens of P. abyssicola represent the first records of this
species for Lake Bonneville.

P. gemmifer, a small planktivorous species, is the most
abundant fish species in modern Bear Lake; it is also the best
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Figure 82. Bonneville whitefish (Prosopium spilonotus).

Figure 83. Bear Lake whitefish (Prosopium abyssicola).

Figure 84. Bonneville cisco (Prosopium gemmifer).



represented fish in the Homestead Cave ichthyofauna.
Although they normally occur in water temperatures lower
than 14.4°C, they require temperatures between 0.5 and
5.6°C to spawn.  P. gemmifer inhabits the deep offshore
waters of Bear Lake for most of the year, but moves inshore
(from 0.9 to 2.4 m) to shallow waters for a brief (~ 2 week)
period in winter to spawn (Perry, 1943; Sigler and Workman,
1978).  Because of their adaptation to deep and cold waters,
attempts have been made to stock this fish in a number of
cold high-elevation lakes in western North America (for
example, Lake Tahoe, Nevada/California, and Twin Lakes,
Colorado).  Survival in these settings has not been docu-
mented (Sigler and Sigler, 1987, 1996).  P. gemmifer has
been identified from two other late Pleistocene Lake Bon-
neville deposits, both in the northeastern Bonneville basin
(Smith and others, 1968). 

Based on measurements of the hyomandibular, Smith
and others (1968), documented significant differences
between the populations of P. gemmifer that inhabited Lake
Bonneville and those that occur in Bear Lake today.  Those
differences were interpreted as evidence for specialization of
the jaw structure in P. gemmifer over the last ~11 ka (Smith
and others, 1968).  Alternatively, this pattern may reflect
introgression of P. gemmifer with the other Bear Lake
Prosopium during the Holocene.  Ongoing analysis of the
sample of P. gemmifer hyomandi-
bulars from Homestead Cave will
allow this issue to be examined in
further detail.

Cyprinidae - Minnows

Gila atraria - Utah Chub, and
Richardsonius balteatus - Redside Shiner

Osteological notes: Six cyprinid
species are native to the Bonneville
basin: Gila atraria, Gila copei,
leatherside chub, Iotichthyes phleg-
ethontis, least chub, Rhinicthys
cataractae, longnose dace, Rhin-
ichthyes osculus, speckled dace,
and Richardsonius balteatus.  With
the exception of Gila atraria, these
are very small fishes, rarely attaining
lengths over 150 mm. Gila atraria,
however, can reach lengths up to
559 mm, but typically range from
127 to 305 mm (Sigler and Sigler,
1996).  Accordingly, I used size and
robusticity of elements to identify
Gila atraria from the Homestead
materials for elements that lacked
other diagnostic criteria.

Gila atraria can be easily sepa-
rated from the other Bonneville
basin cyprinids on the basis of the
morphology of the pharyngeal
teeth.  The pharyngeal teeth of Gila
atraria, in addition to having a
unique tooth formula (2,5 - 4,2), are
exceptionally robust, exhibit pro-
nounced grinding surfaces and ter-

minally hooked tips (figure 85A).  With one exception, all of
the identifiable pharyngeal specimens from Homestead Cave
are G. atraria.  A single pharyngeal specimen is referable to
Richardsonius balteatus (figure 85B) on the basis of the deli-
cate and slender body and teeth and the distinctively squared-
off margin of the lateral surface of the bone.2

The cyprinid maxillae are referable to Gila atraria on
the basis of (1) the steep anterior and posterior margins of the
dorsal ramus, and (2) the wide breadth and flattened dorsal
extremity of this process.  The basioccipital of Gila atraria is
also distinctive among the Bonneville basin minnows.
Specifically, the postero-ventral platform of the basioccipital
is relatively narrow for its length in Gila atraria and the lat-
eral margins decurve ventrally to form a pronounced con-
cavity.
Distribution and habitat: Gila atraria (figure 86) is native
to the Bonneville basin, the Snake River above Shoshone
Falls, and the lower Wood River system, Idaho.  It is abun-
dant in a diversity of environments: from deep, cold, high-
mountain lakes, such as Bear Lake, to small, warm (up to
31°C), moderately saline springs (up to 2.5% NaCl [sodium
chloride]) on the desert floor.  Laboratory experiments also
indicate that these fish can tolerate saline waters (Na, 213
meq/l; Westenfelder and others, 1988).  During the spring,
lake populations move from deep to shallow water (less than
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Figure 85. Selected diagnostic cyprinid, catostomid, and cottid elements from Homestead Cave.  (A)
left pharyngeal of Gila atraria, (B) right pharyngeal of Richardsonius balteatus, (C) left dentary of
Catostomus ardens, (D) right maxilla of Catostomus ardens, (E) right maxilla of Catostomus discobo-
lus, (F) left preopercle of Cottus bairdi, (G) left preopercle of Cottus extensus.  Scale: bar length = 1
mm. 



0.61 m) to spawn (Sigler and Sigler, 1987, 1996).  Gila
atraria is omnivorous, feeding on plant material, a variety of
invertebrates, and occasionally even small fish.  In desert
spring settings, they will feed on green algae and their own
eggs (Sigler and Sigler, 1996, p. 76).

Gila atraria has been reported from three other late
Pleistocene fossil localities in the Bonneville basin: Black
Rock Canyon (Smith and others, 1968), Smith Creek Canyon
(Mead and others, 1982) and the Public Shooting Grounds
(Murchison, 1989a).  Specimens of Gila atraria from the
Public Shooting Grounds were derived from a matrix of
transgressive lacustrine sands and silts rich in gastropod
remains and were underlain by freshwater marsh deposits.
Lymnaea stagnalis shell from the layer containing the chub
materials provided a date of 10,990 ± 110 yr B.P.  The Gila
atraria specimens represented here may have been derived
from freshwater marshes (Murchison, 1989a) or may have
come from a lake setting.

Richardsonius balteatus (figure 87) is a small, short-
lived minnow; most individuals are under 127 mm and attain
ages of no more than 5 years.  They are widely distributed
west of the Rocky Mountains, east from the Bonneville and
Snake systems, and west to the Columbia and Malheur-Har-
ney Basins.  They occur in a wide variety of habitats, from
cold mountain lakes, such as Bear Lake, to warm (up to
24°C) ponds and springs.  Richardsonius balteatus is omniv-
orous, feeding on a variety of aquatic and terrestrial insects,
algae, mollusks, zooplankton, as well as their own eggs and
fry (Sigler and Miller, 1963, pp. 76-78; Sigler and Sigler,
1996, pp. 119-122).  The Homestead Cave specimen repre-
sents the first record of this species in Lake Bonneville.

Catostomidae—Suckers
Catostomus ardens - Utah Sucker, and

Catostomus discobolus - Bluehead Sucker

Osteological notes: Four sucker species are native to the

Bonneville basin: Chasmistes liorus, June sucker, Catosto-
mus ardens, Catostomus discobolus and Catostomus platy-
rhynchus.  Both Chasmistes liorus and Catostomus ardens
can reach substantial sizes (>600 mm in length), while
Catostomus discobolus and Catostomus platyrhynchus (sub-
genus Pantosteus) are smaller fishes, reaching maximum
lengths of 305 mm and 457 mm, respectively (Sigler and
Sigler, 1996).  Hence, I used size to rule out the latter two
species for certain large-sized sucker specimens (see below)
that lacked other diagnostic criteria. 

The morphology of the dentary allows easy separation of
the Bonneville basin catostomids.  The angle and length of
the gnathic ramus relative to the posterior body of the den-
tary is slightly obtuse and short in Catostomus ardens (figure
85C), but is more obtuse and longer in Chasmistes liorus.
This gives Chasmistes a longer, more curved ramus than
Catostomus ardens. In addition, the angle of the dentary
symphysis is parallel to the gnathic ramus in Catostomus
ardens but is subparallel in Chasmistes liorus (Miller and
Smith, 1981, p. 37).  In Catostomus platyrhynchus and
Catostomus discobolus, the gnathic ramus is dramatically
foreshortened and mesially deflected, as in all species of the
subgenus Pantosteus (Smith, 1966, p. 14).  In C. discobolus
a substantial protuberance sits at the lateral-posterior margin
of the gnathic ramus; this feature is far less developed in C.
platyrhynchus.  Two sucker dentaries from Homestead are
assignable to C. discobolus based on these criteria; all the
others are C. ardens.

The maxillae are sufficiently distinct among these spec-
ies to allow secure identifications as well.  The anterior con-
striction or neck of the maxilla is thicker in Catostomus
ardens (figure 85D) compared to Chasmistes liorus (Miller
and Smith, 1981, p. 36).  A nearly semi-hemispherical ridge
is present along the antero-ventral margin of the neck in
C. ardens, whereas this feature is not well developed in
Chasmistes.  The antero-ventral (premaxillary) process proj-
ects at a right angle from the long axis of the maxilla poste-
rior to the head in C. ardens.  In Chasmistes liorus, this
process projects anteriorly at an obtuse angle from the long
axis of the bone and is more directly ventral to the head of
the maxilla (Miller and Smith, 1981, p. 36).  The ventral keel
is also better developed in C. ardens compared to C. liorus
(Miller and Smith, 1981, p. 36); both these species have well-
developed dorsal keels.  The maxillae of C. discobolus and
C. platyrhynchus are robust, lack dorsal keels and are dis-
tinctively dissimilar to either C. ardens or C. liorus (Smith,
1966, p. 14).  The posterior margin of the ventral keel slopes
anteriorly more steeply in C. platyrhynchus compared to C.
discobolus.  Based on these criteria, both C. ardens and C.
discobolus are represented at Homestead Cave (figure 85D, E).

Finally, the premaxillae of Catostomus ardens and Chas-
mistes liorus are distinctive.  In Chasmistes liorus, the max-
imum medio-lateral length (horizontal limb) of the premaxil-
la is longer than the maximum ventro-dorsal (vertical limb)
length.  In Catostomus ardens, the maximum medio-lateral
length of the premaxilla is considerably shorter than the max-
imum dorso-ventral length (see Miller and Smith, 1981, fig-
ure 10, A and B).  In C. discobolus and C. platyrhynchus the
relative lengths of the premaxillary limbs are near equal or
the horizontal limb is longer.  In addition, the dorsal extrem-
ity of the vertical limb exhibits an antero-medial protuber-
ance and is anteriorly deflected; C. ardens lacks this feature.

112 Utah Geological Survey

Figure 86. Utah chub (Gila atraria).

Figure 87. Redside shiner (Richardsonius balteatus).



Finally, the horizontal limbs of C. discobolus and C.
platyrhynchus are more curved, producing a marked con-
vexity of the anterior surface.  All of the Homestead catosto-
mid premaxillae are referable to Catostomus ardens based on
these criteria.  Since only Catostomus was demonstrably pre-
sent in the diagnostic Homestead sucker elements, I assigned
the remaining catostomid materials to Catostomus sp. 
Distribution and habitat: Catostomus ardens (figure 88) is
distributed widely in the Bonneville basin and upper Snake
system above Shoshone Falls.  Catostomus ardens thrives in
a diversity of habitat types, from large deep, cold lakes, such
as Bear Lake, to relatively small, warm (above 26.7°C)
streams.  For lake populations, spawning migrations may
occur up inflow streams or in shallow inshore settings with-
in the lake itself.  Catostomus ardens populations that occu-
py large lakes, such as Bear lake, are benthic browsers, tak-
ing both plant and animal material along the bottom of the
lake at all depths (McConnell, and others 1957, p. 47; Sigler
and Sigler, 1987, 1996).

Catostomus ardens is known from two other Lake Bon-
neville deposits: the Hot Springs locality (Smith and others,
1968) and the Old River Bed (Oviatt, 1984).  Both of these
samples are represented by single skeletal elements. 

Catostomus discobolus (figure 89), the most specialized
and derived species in the subgenus Pantosteus (Smith,
1966; Smith and Koehn, 1971), is found in the upper Col-
orado River drainage, the Weber and Bear River drainages in
the Bonneville basin, and in the upper Snake drainage (Sigler
and Miller, 1963, p. 99; Smith, G. R., in press).  Suckers in
the Pantosteus subgenus are river and stream fish and show
a variety of morphological adaptations to fluvial environ-
ments (Smith, 1966; Powers, 1972).  Catostomus discobolus
occurs in a variety of fluvial environments, from small cool
(20°C or less) creeks in the headwaters of the Weber River to
the warm (up to 27.8°C) torrent of the main stem of the Col-
orado River (Smith, 1966, p. 94; Sigler and Miller, 1963, pp.
100-103; Sigler and Sigler, 1996, pp. 133-136).  Catostomus
discobolus feeds along the bottom using the chisel-like carti-
laginous ridges of their jaws to scrape algae, aquatic insects

and other invertebrates from rocks.  No other Pantosteus fos-
sils are known from the Great Basin.

Cottidae—Sculpins

Cottus bairdi - Mottled Sculpin, and Cottus extensus Bear
Lake Sculpin

Osteological notes: Four species of sculpin are known from
the Bonneville basin: Cottus beldingi, Paiute sculpin, C.
bairdi, C. extensus and C. echinatus, Utah Lake sculpin.  C.
echinatus is a Utah Lake endemic that is now extinct.  As a
result, osteological comparative material is extremely limit-
ed for this species.  Features of the preopercle provide the
most reliable osteological means of distinguishing these
species (Bailey and Bond, 1963; Smith and others, 1968) and
I relied on this element exclusively to identify the sculpin
species represented in the Homestead fauna.3

The preopercle of C. beldingi is distinctive in possessing
only a single, blunt, posteriorly directed preopercular spine.
The preopercle of C. bairdi is also unique in exhibiting an
anteriorly deflected second (from the dorsal) spine (figure
85F; see also Smith and others, 1968, figure 5B).  The sec-
ond spine in both C. extensus and C. echinatus is deflected
posteriorly, allowing them, as a group, to be readily distin-
guished from C. bairdi.  Securely distinguishing  C. extensus
from C. echinatus is more difficult owing to the strong oste-
ological similarity of these species and the small number of
recent C. echinatus reference specimens available for com-
parison.  I used the orientation of the third (from the dorsal)
spine to distinguish these species.  In C. echinatus, the third
spine projects more ventrally (less anteriorly) compared to C.
extensus (figure 85G).  I observed this feature on three C.
echinatus specimens [UMMZ 156794, BYU 29212, and
BYU 29213].  Gerald R. Smith (personal communication
1999) observed this feature on the four C. echinatus housed
at the UMMZ.  Using these criteria, C. bairdi and C. exten-
sus are demonstrably represented in the Homestead ichthy-
ofauna, but C. beldingi and C. echinatus are not.
Distribution and habitat: Cottus bairdi (figure 90) is wide-
ly distributed in the Bonneville and Columbia drainages and
across much of northeastern North America as well.  C. bair-
di may reach a maximum length of ~150 mm; adults in the
Logan River, Utah, range between 76 and 102 mm (Sigler
and Sigler, 1996, p. 231).  In the Bonneville and Columbia
drainages, C. bairdi is found principally in clear, cold, well-
oxygenated streams with rapid to moderate currents.  They
prefer summer water temperatures between 12.8 to 18.3°C
and gravel or rocky substrates. Their diet consists primarily
of aquatic insects (Wydoski and Whitney, 1979, p. 163;
Sigler and Sigler, 1996, p. 231).  In eastern North America,
C. bairdi also inhabits cold streams but many populations are
adapted to lacustrine settings as well.  Most of the eastern
lake populations of C. bairdi inhabit shallow-water shoreline
settings (Hubbs and Lagler, 1964, p. 118; Becker, 1983, p.
970).  However, deep-water lake populations, such as in
Lake Erie, are known to occur for this species as well (Traut-
man, 1981, pp. 708-710; Keleher, 1952, cited in Scott and
Crossman, 1973).  C. bairdi has also been identified from the
Hot Springs (four specimens) and Black Rock (two speci-
mens) localities of Lake Bonneville (Smith and others,
1968).
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Figure 88. Utah sucker (Catostomus ardens).

Figure 89. Bluehead sucker (Catostomus discobolus).



Cottus extensus (figure 91) is presently endemic to Bear
Lake, where they are the second most abundant fish in the
lake.  This is a very small fish with an average length of 76
mm.  For most of the year, most Cottus extensus individuals
occur in very cold, deep (15-53 m [50 to 175 ft]) water where
they burrow into the soft marl bottom for cover; late winter
and spring brings them to rocky nearshore settings to spawn.
They feed primarily on ostracodes and cyclopoid copepods
(McConnell and others, 1957; Dalton and others, 1965;
Sigler and Sigler 1987, 1996).  Cottus extensus has been
identified from both the Hot Springs and Black Rock Canyon
localities of Lake Bonneville (Smith and others, 1968).

BIOGEOGRAPHIC IMPLICATIONS

In the 1960s, G.R. Smith described the fish materials
from the Black Rock Canyon and Hot Springs sites, two late
Pleistocene fossil localities in the Bonneville basin (Stokes
and others, 1964; Smith and others, 1968).  Those materials
represented the first Lake Bonneville fish assemblages ever
described and hence provided a wealth of information on the
Quaternary biogeographic history of fishes in the Bonneville
basin.  Since that time, only a few isolated fish bones derived
from the sediments of Lake Bonneville have been reported,
and no new species have been identified among them (Ovi-
att, 1984; Mead and others, 1982).  The Homestead Cave
fauna is thus extremely unique in its potential to help explain
issues of fish biogeography in the Bonneville basin.

Four fish species previously unknown to have inhabited
Lake Bonneville are represented in the Homestead Cave
ichthyofauna: Salvelinus confluentus, Prosopium abyssicola,
Catostomus discobolus and Richardsonius balteatus.  There
are also several species that are noteworthy for their absence
in the Homestead fauna: Chasmistes liorus and Cottus echi-
natus.  Here, I discuss the biogeographic significance of the
presence/absence of these taxa in the Homestead ichthyofauna.

From a biogeographic standpoint, one of the most

important aspects of the Homestead fauna is the identifica-
tion of a single Salvelinus confluentus specimen.  Again, this
represents the first specimen record for the genus Salvelinus
in the Great Basin and supports Townsend’s early historical
period report of char in the Bear River - - an account that has
previously been considered “dubious” (see Hass and
McPhail, 1991, p. 2204).  The Bonneville system may have
been colonized by Salvelinus confluentus from the Snake
River system when Lake Bonneville overflowed into the
Snake ~15 ka.  Alternatively, Salvelinus confluentus could
have reached Lake Bonneville sometime around 27 ka when
the Bear River was diverted from the Snake River drainage
system into the Bonneville basin by lava flows in southern
Idaho (Bright, 1963, 1967; Smith, G. R., in press; but see
Bouchard and others, 1998).

Today, Salvelinus confluentus is restricted to cold
streams and lakes fed by mountain glaciers and snowfields
and has declined dramatically in the southern portions of
there range during historical times (Cavender, 1978; Hass
and McPhail, 1991; Riemen and McIntyre, 1995).  Petitions
for listing under the U.S. Endangered Species Act have been
issued (Reiman and others, 1997).  For a species as large as
Salvelinus confluentus, the presence of only a single speci-
men at Homestead Cave suggests that even by ~11.3 ka, they
were uncommon in Lake Bonneville.  Since the Homestead
fishes were apparently derived from a low-elevation lake
(~1300 m), it may be that by the time the Homestead fauna
began to accumulate, water temperatures were already too
warm and Salvelinus confluentus populations had already
began to decline in Lake Bonneville.  The indication that
Salvelinus confluentus is a native species to cold waters of
the Bonneville basin has implications for the modern man-
agement of this species in decline.

Homestead Cave has provided the first record of
Catostomus discobolus in Lake Bonneville and the only fos-
sil record of the subgenus Pantosteus in the Great Basin.
Catostomus discobolus occurs almost exclusively in stream
or river habitats; a single lake population has been reported
for Lower Green River Lake, Wyoming (Sigler and Miller,
1963, p. 102).  Today, two disjunct populations occur in
swift, cool mountain streams of the Bonneville basin: one in
the upper Weber River drainage and one in the Bear River
drainage.  This present distribution pattern led Smith (1966,
p. 121) to suggest that the Weber River population must have
colonized that system before the Bear and Weber Rivers were
isolated by the desiccation of Lake Bonneville at the end of
the Pleistocene.  This argument requires that Catostomus dis-
cobolus had occupied Lake Bonneville, at least along its
stretch of shoreline between the Bear River and Weber
Rivers, but evidence of their presence in the lake has hereto-
fore been lacking.  The presence of C. discobolus at Home-
stead Cave indicates not only that they occurred in Lake
Bonneville, but that they ranged widely across the lake.
Since C. discobolus is a stream-adapted species, their pres-
ence also implies that populations of these fish had either
adapted to some aspect of the lacustrine environments of
Lake Bonneville and/or suitable fluvial environments
ocurred near Homestead Cave in the past. 

The distribution patterns of stream fishes in the Great
Lakes region provide insight into how C. discobolus may
have adapted to lacustrine environments of Lake Bonneville.
High-energy wave action along the shorelines of the Great
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Figure 90. Mottled sculpin (Cottus bairdi).

Figure 91. Bear Lake sculpin (Cottus extensus).



Lakes creates substrate types and associated benthic algal
and diatom communities that are analogous to those found in
riffle sections of stream environments.  As a result, fish
species in northeastern North America that are primarily
restricted to swift streams, or rivers with rock or gravel sub-
strates, also occur in certain high-energy shoreline settings of
the Great Lakes (Hubbs and Lagler, 1964).  Wave-swept
shorelines clearly characterized Lake Bonneville and may
have provided suitable habitat for C. discobolus in those set-
tings. 

It is also possible that stream habitats may have existed
near Homestead Cave in late Pleistocene times even though
they do not occur there today.  In this context, I note that
avian taxa associated with riparian vegetation have been
reported for the basal deposits of Homestead Cave (Liv-
ingston, chapter eight) and may reflect the presence of local
fluvial habitats in the past.  I also note that an ancient stream
channel that would have drained much of the western margin
of Lakeside Mountains is located ~0.5 km from the mouth of
the cave (chapter two). 

Prosopium abyssicola is the last of the four Bear Lake
endemics to be identified in Lake Bonneville sediments.
Prosopium abyssicola, Prosopium spilonotus and Prosopium
gemmifer apparently evolved from a Prosopium williamsoni
ancestor, the more widespread and morphologically least-
derived western whitefish species.  When and where the
endemic Bonneville basin whitefish speciated has remained
unknown, although the previous documentation of Prosopi-
um spilonotus and Prosopium gemmifer in Lake Bonneville
sediments has indicated that they have been around since the
late Pleistocene.  The documentation that Prosopium abyssi-
cola also inhabited Lake Bonneville indicates they too evol-
ved sometime before the late Pleistocene and eliminates the
possibility that this species diverged more recently (that is,
over the last ~11,000 years) in Bear Lake.

A single pharyngeal of Richardsonius balteatus was
identified from the Homestead deposits. Richardsonius
balteatus is abundant in a variety of lacustrine and fluvial
habitats in the Bonneville basin.  These are very small fish
and their rarity in the sample may in part be a function of
recovery bias.  Analysis of the entire 1.6 mm fraction would
shed light on this suggestion and may also indicate the pres-
ence of Rhinichthyes osculus, another widespread diminutive
minnow of the Bonneville basin absent in the Homestead
sample.  The fact that Richardsonius balteatus specimens
were previously unknown from Lake Bonneville fossil fish
faunas but were present in sediments derived from Pliocene
Lake Idaho has led to the suggestion that this species entered
the Bonneville basin from the Snake system very recently
(~12 ka; Sigler and Sigler, 1996, p. 24).  Additional older
Lake Bonneville fish fossils will be required to evaluate this
suggestion, but it is certainly clear now that this species was
part of the Lake Bonneville fauna.

The fact that Cottus echinatus was not demonstrably
present in Homestead deposits is noteworthy.  This species
was endemic to Utah Lake in historical times but is now
extinct.  This sculpin has now failed to appear in the all of
Lake Bonneville fish assemblages that have been studied.
This fact, along with the close morphological similarity
between C. echinatus and C. extensus, suggests that the for-
mer diverged from a relictual C. extensus population in Utah
Lake over the last ~11,000 years (Rosenfeld, 1996, p. 32;

Smith, G. R., in press).
Chasmistes liorus is noteworthy for its absence in the

Homestead ichthyofauna as well.  This species is also
endemic to the shallow eutrophic waters of Utah Lake today.
Chasmistes liorus is a large, planktivorous lake sucker; it
spawns in June (hence its common name) up the Provo River.
Miller and Smith (1981, p. 33) report a fragmentary coracoid
and dentary referable to Chasmistes cf. liorus from the Black
Rock Canyon locality.  Hyomandibulars assigned to Chas-
mistes sp. were reported by Bright (1967) from late Pleis-
tocene sediments in the Thatcher Basin (Miller and Smith,
1981, p. 33).

The absence of C. liorus in the abundant catostomid col-
lection from Homestead deposits is thus intriguing.  That
absence may reflect a restricted spatial distribution of these
fish in late Pleistocene Lake Bonneville.  Perhaps they were
restricted to warmer, shallower bays of Lake Bonneville near
major input rivers.

FISH LIFE HISTORY ADAPTATION AND
BODY SIZE CHANGE IN A REGRESSING

LAKE BONNEVILLE

The demographic structure of vertebrate populations is
determined by age-specific patterns in fertility and mortality.
Variation in these parameters can not only mechanically alter
the distribution and abundance of individuals across age
classes in a population, but can provide the selective context
for the emergence and persistence of different life history
strategies as well (Gadgil and Bossert,1970; Stearns, 1992).
It is well known, for example, that intraspecific variation in
mortality and life expectancy among fishes is directly corre-
lated with, among other variables, the age of initial repro-
duction and adult body size.  The relationships between these
variables and the fitness related trade-offs that underlie them,
have been well explored through mathematical modeling
(see Stearns and Crandall, 1981, 1984; Roff, 1984, 1992;
Stearns and Koella, 1986; Charnov, 1993).  In this section, I
explore how change in the size of fish represented at Home-
stead Cave might inform on the nature of the extinction of
Lake Bonneville’s ichthyofauna.

In the context of intermountain fishes, Smith (1981) has
developed a specific model linking intraspecific variation in
life history strategies to local regimes of habitat stability,
adult mortality and ultimately variation in adult body sizes:

Many intermountain minnows, suckers, and
trouts are selected locally for large size by
increased adult survival and consequent late
reproduction in large habitats.  Annual fluctua-
tions that reduce habitats seasonally, thus caus-
ing heavy mortality, lead to persistence of phe-
notypes that reproduce early at the expense of
later growth...When adult mortality is low indi-
viduals leave more descendants by growing larg-
er and producing more young over several sea-
sons (Smith, 1981, p. 126, p. 162).

Smith has documented significant positive relationships
between habitat size, as a measure of environmental stabili-
ty, and maximum adult size in many western fish species,
including some of the cypriniform taxa represented at Home-
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stead Cave, namely, Gila atraria and Catostomus discobolus.
In large stable rivers and lakes with limited adult mortality
and high life expectancy, these species mature later, live
longer and attain larger sizes.  In smaller, less stable aquatic
settings, where adult mortality is at least seasonally high,
these fishes reproduce at younger ages and attain smaller
maximum sizes.  According to this model, the mortality rate
is the critical variable affecting the selection of different life
history phenotypes that ultimately constrain adult body size.
This model has clear implications for change in the size
structure of Lake Bonneville’s fish populations as the lake
regressed at the end of the Pleistocene. 

The taxonomic composition of the Homestead fishes
suggests that during the deposition of Stratum I, the lake was,
at least periodically, a fresh, cold, oligotrophic body of water
similar to modern high-elevation lakes that are fed by moun-
tain glaciers and snowfields.  If the Homestead Cave fish
assemblage was derived from a process involving a series of
die-offs that occurred either seasonally or over periods of
many years during which lower lake levels exceeded the
temperature or salinity tolerances of the fishes, then selection
should have increasingly favored early maturing, smaller-
sized fishes across this period of elevated mortality.  If this
was the case, it follows from Smith’s model that the fish
materials from Homestead Cave representing populations
that resulted from later die-offs (that is, Stratum Ib) should be
skewed to smaller size classes, compared to fish representing
the initial die-offs (that is, Stratum Ia).  If, on the other hand,
the fish materials from Homestead Cave represent a single
relatively instantaneous die-off event, no change in size
structure should be evident across the divisions of Stratum I. 

The sample of Cypriniformes vertebrae identified from
Strata Ia and Ib was selected for analysis of change in fish
size.  Table XXX provides the summary statistics for the
maximum diameters of cypriniform vertebral centra derived
from these strata.4

Figure 92 shows the frequency distributions of the max-
imum diameters of cypriniform vertebral centra, as a meas-
ure of size, for Stratum Ia and Stratum Ib.  The distributions
are clearly distinct: the later deposits (Stratum Ib) are skewed
to smaller-sized fishes, have a smaller maximum size, and
exhibit a significantly smaller mean size than do those in
Stratum Ia (Mann-Whitney U = 8546.5, P < 0.05).

It is also evident that neither of these distributions dis-
play ideal “catastrophic” profiles, that is, a decreasing num-
ber of individuals represented in progressively larger (older)
size classes: both divisions of Stratum I are underrepresent-
ed by the smaller (< 2 mm) size classes.  Catastrophic pro-
files are expected to result if individuals are sampled in direct
proportion to their abundance in the living population and
thus should be produced from death assemblages represent-
ing mass die-offs such as those represented at Homestead
Cave.  Since these materials were collected with 1.6 mm
screen mesh, the underrepresentation of very small cyprini-
form vertebrae in both Ia and Ib is not likely due to recovery
bias. Instead, very small individual fish may have consistent-
ly been outside the diet breadth of the owls that accumulated
the fauna.

While the size change between Stratum Ia and Ib is con-
sistent with Smith’s model of life history adaptation, the
same pattern would also be expected to result mechanically
from a set of at least two catastrophic die-offs in which the

population resulting from the second one had not occurred
long enough in the lake to grow individuals of larger size
classes.  The smaller size of fishes in Stratum Ib, in this sce-
nario, would thus represent a historical vestige derived from
a previous period of substantial mortality.  In either case, the
data suggest that the Homestead Cave ichthyofauna repre-
sents multiple fish die-offs rather than a single die-off event.

The data also do not allow a determination of the precise
nature of fish mortality during the extinction process.  It is
unknown, for instance, whether Lake Bonneville ever com-
pletely lost its fish populations during any one of the initial
die-offs; even during periods of mass mortality, remnant pop-
ulations may have persisted in colder, less saline water, per-
haps in deeper portions of the lake or in settings near major
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Table XXX
Vertebral widths (mm) of the Homestead Cave

Cypriniformes in Strata Ia and Ib

Stratum N x-- Range s
Ia 365 4.40 1.26 - 9.20 1.46
Ib 56 4.02 1.74 - 7.62 1.38

Figure 92. Frequency distribution of the maximum diameters of
cypriniform vertebral centra for Strata Ia and Ib at Homestead Cave.



input rivers.  The periodicity of the die-offs is also unknown:
they may have occurred seasonally during low-level condi-
tions or during low-level periods spanning many years or
decades during which salinities or temperatures consistently
exceeded the tolerances of the lake’s fish populations.
Determination of the seasonality of fish deaths through ana-
lyses of annulli formation on the Homestead fish elements
could shed light on this issue.  Such analyses could also
potentially indicate changes in the age and size of initial re-
production of these fishes to more definitively test Smith’s
model of life history adaptation.

CHANGE IN TAXONOMIC ABUNDANCE
IN RELATION TO SALINITY AND

TEMPERATURE

Decreasing lake levels and associated increases in water
temperature and salinity are the likely cause of the fish die-
offs and ultimately the permanent loss of Lake Bonneville’s
fishes that occurred sometime within the deposition of Stra-
tum Ib (see below).  Comparisons of the relative abundance
of fishes with different temperature and salinity tolerances
between Stratum Ia and Stratum Ib might inform on the
dynamics of the die-off(s) in relation to these variables.
Although the precise temperature and salinity tolerances of
most of these fishes are, unfortunately, not well known,
broad categories of tolerance to these variables can be
defined from what data are available.

Salinity

The fishes represented within Stratum I of Homestead
Cave can be divided into two groups on the basis of their rel-
ative tolerance to salinity.  Species intolerant of saline waters
include Prosopium gemmifer, Prosopium abyssicola,
Prosopium spilonotus, Catostomus ardens, Cottus bairdi and
Cottus extensus.  These species have never been known to
occur in even moderately saline waters.  By contrast, O. clar-
ki is represented by anadromous stocks in coastal drainages
where individuals spend considerable portions of their lives
well out to sea (see Wydoski and Whitney, 1979, p. 41).  Gila
atraria presently inhabit springs in the Great Salt Lake
Desert of widely varying salinity (freshwater to 2.5% NaCl).
In addition, laboratory experiments conducted on these fish
indicate they can readily tolerate waters with salt (Na) con-

tents as high as 213 meq/L (Westenfelder and others, 1988). 
Although most members of the large and diverse sculpin

family (Cottidae) are benthic marine fishes, sculpins of the
genus Cottus have invaded and adapted to inland freshwater
lakes and streams.  Both the cottids represented at Home-
stead Cave, C. bairdi and C. extensus, are found strictly in
freshwater settings.  Although it is possible these sculpin
might be able to tolerate elevated salinities based on their
evolutionary pedigree5, their modern distributions clearly
indicate they prefer freshwater environments.  Thus, I con-
sider them salinity-intolerant taxa in the analyses that follow.

Table XXXI shows the relative abundance in Strata Ia
and Ib of the two groups of fishes that differ in their tolerance
to salinity.6 The salinity-intolerant taxa dominate both Stra-
ta Ia and Ib and, assuming both C. extensus and C. bairdi are
represented by the Cottus sp. materials in Stratum Ib, no
extinctions of species susceptible to high salinities are evi-
dent within the Stratum I fauna.  There is, however, a signif-
icant decline in the relative abundance of salinity intolerant
taxa across the two divisions of Stratum I (X2 = 4.31, P <
0.05).  That relationship remains significant if the sculpin,
taxa whose tolerance to salinity remains in some question,
are excluded from the analysis (X2 = 4.01, P < 0.05).  In sum,
taxa intolerant of elevated salinities dominate both compo-
nents of Stratum I, but they are significantly underrepresent-
ed in the upper portion of that deposit (Stratum Ib).  At least
upon initial inspection, a declining lake level and associated
increase in salinity appear to be registered in the Homestead
Cave ichthyofauna.

Temperature

The Homestead fishes can also be divided into two
groups according to their relative sensitivity to high water
temperatures.  Catostomus ardens and Gila atraria are
known to thrive in water temperatures over 26.7°C and
31.1°C, respectively.  The other fishes represented at Home-
stead Cave are, as a group, much more sensitive to high
water temperatures 

O. clarki is most commonly found in cold water lakes
and streams in western North America.  Even though O. clar-
ki occurs in Pyramid Lake, where surface water temperatures
can reach as high as 23°C in the summer, the profundal water
temperature of this lake remains a constant 6°C (Galat and
others, 1981).  Based on laboratory experiments, the upper
lethal temperature for O. clarki henshawi is 23°C (Vigg and
Koch, 1980).  However, Behnke (1981, p. 101) reports an
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Table XXXI
Numbers of identified specimens of salinity-tolerant and salinity-intolerant fish taxa from Strata Ia and Ib at Homestead Cave

Stratum Ia % Stratum Ib %
Salinity Tolerant

Gila atraria 226 3.0 29 4.9
Salmoninae 279 3.7 23 3.9

Total 505 6.7 52 8.9
Salinity Intolerant

Prosopium 6551 87.0 491 84.2
Catostomus 321 4.2 31 5.3
Cottus 197 2.6 9 1.5

Total 7069 93.0 531 91.1



unnamed subspecies of cutthroat trout in the headwaters of
the Humboldt River, Nevada in waters up to 25.5°C.  Opti-
mum growth temperatures for trout are of course far lower
(~16.5°C) than these lethal limits (Jobling, 1981). 

Like virtually all members of the genus Cottus, both   C.
bairdi and C. extensus are found strictly in cool or cold water
settings.  There is no suggestion that these fish can tolerate
warm water temperatures.  The three Prosopium species rep-
resented at Homestead Cave are now endemic to Bear Lake
where water temperatures do not exceed 14°C.  In laborato-
ry settings, P. abyssicola, P. spilonotus, and P. gemmifer
develop debilitating abnormalities of the jaws when eggs are
reared in temperatures over 5°C ( Nielson, personal commu-
nication, 1998). 

Table XXXII provides the abundance in Strata Ia and Ib
of fishes that are sensitive to high water temperatures (O.
clarki, Cottus and Prosopium) and those that are not (Gila
atraria and Catostomus ardens).  Although O. clarki, Cottus
and Prosopium are present in both Strata Ia and Ib, there is a
highly significant decline in their relative abundance across
these stratigraphic divisions (X2 = 7.41, P <<0.01).  In other
words, taxa that are intolerant of high water temperatures are
underrepresented in Stratum Ib compared to Stratum Ia.
Thus, an increase in water temperature also appears to be
registered in the Homestead fish sequence.

Temperature Versus Salinity

Because the whitefish and sculpin species are sensitive
to both high temperatures and salinities and because Gila
atraria is tolerant of both of these conditions, change in the
relative frequencies of these taxa cannot help us discriminate
which of these variables had the greatest influence on Lake
Bonneville’s fish populations as the lake regressed during the
late Pleistocene.  As a result, it is possible that one or the
other of these variables alone caused the mass mortality and

extinctions of these fishes.  Discriminating between the ef-
fects of temperature and salinity thus requires an analysis of
change among taxa that are tolerant of one variable but not
of the other.  Of the major taxonomic groups represented at
Homestead Cave, only O. clarki and Catostomus ardens
meet this criteria.  O. clarki is intolerant of high water tem-
peratures but can readily adapt to increased salinity.  Catosto-
mus ardens, by contrast, can tolerate elevated water temper-
atures but is sensitive to increases in salinity.  Change in the
relative frequencies of O. clarki and Catostomus ardens
across Strata Ia and Ib would allow us to estimate whether
temperature or salinity provided the stronger limiting factor
on fish rebounds or recolonizations across the period over
which these materials accumulated.

Table XXXIII provides the numbers of identified sal-
monines (O. clarki) and Catostomus (C. ardens) for Strata Ia
and Ib.  Catostomus ardens are more abundant than O. clar-
ki in both these sets of deposits and slightly more so in Stra-
tum Ib (57%) compared to Stratum Ia (54%).  That differ-
ence, however, is statistically insignificant (X2 = 0.30, P >
0.50). 

The analysis of change in fish size described above sug-
gests that, as Lake Bonneville regressed episodically towards
the end of the Pleistocene, its fish populations underwent a
series of mass die-offs that were followed by brief rebounds
or recolonizations.  The analysis of change in relative abun-
dance of species characterized by different salinity/tempera-
ture tolerances suggests that species tolerant of high salinites
and/or temperatures were more successful at rebounding or
reinvading the lake, although conditions were sufficiently
fresh and cool to support the entire Bonneville fish fauna.  It
remains unclear, however, what the relative roles that tem-
perature and salinity played in both limiting the success of
these fish rebounds as the lake fluctuated and the ultimate
extinction of the Lake Bonneville fish fauna.
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Table XXXIII

Numbers of identified Catostomus and Salmonine specimens from Strata Ia and Ib at Homestead Cave

Stratum Ia Stratum Ib
Catostomus 321 31
Salmoninae 279 23

Table XXXII

Numbers of identified specimens of temperature-tolerant and temperature-intolerant fish taxa from Strata Ia and Ib at Homestead Cave
Stratum Ia % Stratum Ib %

Temperature Tolerant
Gila atraria 226 3.0 29 5.0
Catostomus 321 4.2 31 5.3

Total 547 7.2 60 10.3

Temperature Intolerant
Prosopium 6551 86.5 491 84.2
Salmoninae 279 3.7 23 4.0
Cottus 197 2.6 9 1.5

Total 7027 92.8 523 89.7
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CHRONOLOGY OF LATE QUATERNARY
LAKE-LEVEL FLUCTUATIONS IN THE

BONNEVILE BASIN

It now seems clear that the Homestead Cave fish fauna
resulted from a series of catastrophic die-offs associated with
late Quaternary lake cycles in the Bonneville basin.  Analy-
sis of that fauna in relation to the detailed radiocarbon
chronology provided by the Homestead deposits should thus
shed light on our understanding of the timing of climatically
controlled lake-level fluctuations in this region.  To this end,
I first examine the abundance of fish remains in the Home-
stead Cave deposits, relative to other vertebrates, to pinpoint
the timing of the terminal Pleistocene extinction-recoloniza-
tion cycles of Lake Bonneville’s ichthyofauna.  I then exam-
ine change in fish taxonomic composition across the
Holocene sequence of deposits to inform on the chronology
of fluctuations in Great Salt Lake.  The results provide sup-
port for certain aspects of the lake-level chronologies based
on core and shoreline data, but conflict with those chronolo-
gies in several important ways as well.

Lake Level Fluctuations of Terminal Pleistocene Lake
Bonneville

Table XXXIV provides the numbers of identified mam-
mal and fish specimens for each of the Homestead strata.
Figure 93 shows the abundance of fish remains, relative to
mammals, throughout the Homestead sequence. As noted
above, fish remains are clearly concentrated in Stratum I of
Homestead Cave.  They account for over 26% of the assem-
blage in Stratum I but comprise, in most cases, far less than
1% of the fauna in the higher strata.

To further pinpoint the stratigraphic break in the Home-
stead deposits after which fish remains become rare, I ex-
amined the distribution of fish materials within Stratum I
itself.  In the bulk sediment sample taken from the lower 10
cm of Stratum Ia, fish comprise 23.5% (807 of 3,434 speci-
mens) of the entire vertebrate faunal assemblage.  By con-
trast, fish comprise only 0.02% (10 of 3,896 specimens) of
the vertebrate materials from the upper 10 cm of Stratum Ib:
a figure very similar to the relative abundance of fishes
throughout the rest of the column.  The difference in the fre-
quencies of fish and non-fish vertebrate specimens across
these divisions is astronomically significant (X2 = 955.34,  P
<<0.0001).  Fish remains are thus largely confined to Stra-
tum Ia, and the lower microlaminae of Stratum Ib. 

Fecal pellets of woodrats (Neotoma sp.) from the lowest
5 cm of Stratum Ia, directly overlying bedrock, date to
11,270 ± 135 yr B.P. (AA 14816), 11,263 ± 83 yr B.P. (AA
16809), 11,181 ± 85 yr B.P. (AA16808), and 11,065 ± 105 yr
B.P. (AA 14817).  Fecal pellets of woodrats taken directly
from the upper 5 cm of Stratum Ib provided dates of 10,350
± 80 yr B.P. (AA 11818) and 10,160 ± 85 yr B.P. (AA 11819).
The die-offs of Lake Bonneville’s fishes thus appear to have
began shortly after ~11.3 ka7 but were over sometime before
~10.4 ka.

Based on studies of shoreline features and sediment
stratigraphy, it has been suggested that Lake Bonneville
declined to elevations approaching those of the modern Great
Salt Lake soon after 13 ka.  Sometime after 12.2 ka, the lake

rebounded again to form the Gilbert shoreline complex,
peaking between 10.9 and 10.3 ka (Benson and others, 1992;
Currey, 1990; Oviatt and others, 1992; Thompson and others,
1990).  The plant macrofossil record, however, indicates that
summer temperatures and evaporation rates were substantial-
ly depressed between ~13 and 11 ka, and suggests that a larg-
er lake would have likely existed at this time (Rhode, chap-
ter eleven). 

Cold-water lake fish are extremely abundant at the very
base of Stratum I, a context that provided four radiocarbon
dates with a weighted average of 11,201 ± 76 yr B.P.  Thus,
lake levels appear to have been sufficiently high (> ~1300 m
based on the strontium isotope analysis; Quade, chapter two)
to support the entire Lake Bonneville fish fauna from Provo

Table XXXIV

Numbers of identified mammal and fish specimens by
stratum at Homestead Cave

Stratum Mammals Fish %Fish
XVIII 1047 8 0.08
XVII 15,548 117 0.08
XVI 6292 29 0.05
XV — 5 —

XIV —  57 —
XIII — 101 —
XII 22,860 330 1.42
XI 10,096 65 0.06
X 6601 24 0.04

IX 22,088 52 0.02
VIII 8289 21 0.03
VII 13,905 36 0.03
VI 24,330 54 0.02
V 5109 8 0.02

IV 26,615 114 0.04
III 2884 51 1.73
II 7855 257 3.17
I* 10,275 3702 26.48

Total 183,798 5031 2.66

(*)Includes specimens from FS-63, the only provenience unit of
Stratum I for which mammal materials were identified.

Figure 93. Abundance of fish specimens, relative to mammals, across
the Homestead strata.
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times until ~11.2 ka.  In the global climate scheme, this date
corresponds with a brief, sharp, dry period, which Haynes
(1991) has locally called the Clovis drought.

This was not, however, the end of fishes in Lake Bon-
neville and, subsequent to this first catastrophic die-off, at
least one recolonization or rebound period occurred.  The
presence of this second, younger age-dominated, fish fauna
can be interpreted in two ways.  A Younger Dryas-age lake
may have been too saline to contain fish and the fauna may
simply represent a short period of lake-level fluctuation
immediately following the initial die-off.  Alternatively, there
has been some suggestion that the lake may have supported
fish populations during this period (Rosenfeld, 1991, p. 45,
1996; Grayson, 1993).  Theoretical modeling and empirical
analyses suggest that the uptake of salt by a growing lake
from crustal efflorescences or from pore fluids found in lake
basin sediments is a fairly slow process on the order of de-
cades where it has been analyzed empirically (Lerman and
Jones, 1973; Spencer and others, 1985).  While it is not pos-
sible to estimate the rates of salinity uptake, it is possible a
growing lake could have remained fresh for some time, clos-
er to decades than centuries (B. Jones, personal communica-
tion, 1998), and may have supported the entire Lake Bon-
neville fish fauna, at least during the early to middle stages
of its rise to the Glbert level.

Lake-Level Fluctuations of Great Salt Lake

As described above, Lake Bonneville was inhabited pri-
marily by fishes now restricted to cold and freshwater habi-
tats.  However, the lake also supported populations of Gila
atraria, a species that thrives in those settings, but is also
abundant today in marshes and warmer, moderately saline,
creeks and springs of the Great Salt Lake Desert.  Based in
part on the high degree of genetic similarity documented
among now isolated populations of Gila atraria in the north-
ern Bonneville basin, Rosenfeld (1991, p. 89) suggested that
during wetter periods of the Holocene, Great Salt Lake may
have become sufficiently diluted in places to support popula-
tions of the saline-tolerant Gila atraria.  Even if Gila atraria
could not have invaded Great Salt Lake during wetter cycles,
the extent of local freshwater marshes, habitats these fish cer-
tainly would have inhabited, might be expected to vary pos-
itively with the extent of regional moisture and the elevation
of the lake.  Alternatively, if salinities of Great Salt Lake
remained above the threshold of tolerance for Gila atraria
even during its transgressions, an expanding lake may have
drowned local freshwater marshes with highly saline water
producing fish die-offs in these settings.  In any case, Gila
atraria frequencies should be linked to higher elevations of
Great Salt Lake.8

Materials representing the Lake Bonneville fish fauna
occur in very low frequencies above Stratum I in Homestead
Cave and likely owe their presence in those contexts to lim-
ited mixing with that stratum.  However, the Gila atraria
materials in these upper strata may be derived not only from
limited mixing with Stratum I but from Holocene-aged scav-
enging activities of owls as well.  Insofar as substantial owl-
based deposition of Gila atraria occurred in tandem with
Holocene transgression-regression cycles of Great Salt Lake,
then major peaks in the frequencies of Gila atraria within the
Homestead deposits should signal those cycles.

Figure 94 shows the NISP values of Gila atraria across
the Holocene-aged strata at Homestead Cave.  The absolute
abundances of Gila atraria exhibits two marked peaks: first
within Stratum XII and second within Stratum XVII.  While
the absolute frequencies of any taxon can be expected to vary
positively with the total sample of recovered bone, this fac-
tor does not appear to be the source of the two spikes in Gila
atraria frequencies at Homestead Cave; the NISPs of Gila
atraria are not significantly correlated with either the total
mammal (rs = -.284, P = .30) or the total bird NISPs (rs = .41,
P = .10) within the Homestead strata.

Several Holocene highstands of Great Salt Lake have
been proposed.  According to core and shoreline data, the
most notable among them occurred between ~3 and 2 ka
when the lake appears to have transgressed to a highstand of
1287 m and flooded the Great Salt Lake Desert (see chapter
two; Murchison, 1989b; Currey, 1990; McKenzie and Eber-
lie, 1987; Mehringer, 1985).  Although this transgression was
clearly not high enough to allow the recolonization of the
Lake Bonneville fish fauna, it may be recorded by the sub-
stantial increase in Gila atraria within Strata XII and XIII,
contexts that provided radiocarbon dates of ~3400 and ~3480
yr B.P., respectively.  The more dramatic increase in Gila
atraria abundance occurs within Strata XVI and XVII, stra-
ta that provided radiocarbon dates of ~1200 B.P. and ~1020
B.P., respectively.  Although a highstand of Great Salt Lake
at this time has been documented from shoreline data, those
data suggest it reached only to an elevation of ~1283 m and
did not flood the Great Salt Lake Desert (Murchison, 1989a;
Currey, 1990).

SUMMARY

1.  The substantial fish fauna from Homestead Cave
appears to have been accumulated by scavenging owls.  The
limited available evidence suggests that owls utilize fish
resources only in very unusual circumstances, such as when
fish are stranded on shorelines or exposed in very shallow
water.  North American owls are not known to take live fish
from deep, open water but will readily scavenge stranded
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fish carcasses.  An owl-based accumulation thus suggests
that the Homestead fishes were derived from die-offs of local
fish populations.

2.  The Homestead Cave fish assemblage is represented
by 11 species of mostly cold- and freshwater-adapted
species; four of these represent the first records for Lake
Bonneville.  The Salvelinus confluentus and Catostomus dis-
cobolus specimens provide the first fossil evidence for these
species in the entire Great Basin; the Salvelinus premaxilla
also represents the first specimen record of any kind for this
genus in the Great Basin.  These records provide a wealth of
information on fish biogeography in the Bonneville basin;
the Salvelinus specimen should have implications for fish-
eries management in the region.

3.  A model of life history evolution of Great Basin min-
nows and suckers (Smith, 1981) suggests that these fish
attain sexual maturity earlier and attain smaller adult body
sizes in unstable environments characterized by high adult
mortality.  A significant decline in the mean and maximum
size of minnows and suckers was documented across the
Stratum I deposits.  This pattern suggests that the fauna
resulted from a process involving a series of fish die-offs.

4.  Taxa intolerant of high water salinities and tempera-
tures are significantly underrepresented in Stratum Ib com-
pared to Stratum Ia, even though these taxa dominate both
sets of deposits.  A clear signal of decreasing water depth and
increasing temperature and/or salinity is thus registered in
the fauna.  The data do not, however, allow us to tease apart
the relative roles that temperature and salinity played in
affecting fish die-offs and subsequent recolonizations of the
lake’s fish fauna. 

5.  The initial post-Provo die-off of the Lake Bonneville
fish fauna occurred at ~11.2 ka, suggesting that climatically
controlled lake levels were sufficiently high to support this
fauna until that time.  This result calls into question current
models of lake-level history that posit a substantial regres-
sion beginning at 13 ka.  The entire Bonneville fish fauna
may have rebounded or recolonized the lake with the Gilbert
transgression, but was permanently eliminated from the lake
shortly before ~10.4 ka, toward the middle or the end of the
Gilbert cycle.  A late Holocene highstand of Great Salt Lake
appears to have occurred around ~3.4 ka to judge from a sub-
stantial increase in Gila atraria within Stratum XII.  This is
roughly consistent with the proposed transgression of Great
Salt Lake between ~3 and 2 ka based on core and shoreline
data, albeit slightly earlier.  An even more dramatic increase
in Gila atraria occurs within Stratum XVII, deposits that
date to ~1 ka, and suggests that a transgression-regression
cycle of Great Salt Lake occurred at this time as well.  Such
an event has also been recorded in shoreline and core data.

ENDNOTES

1 The identifications were based largely on comparisons
with Recent fish specimens from the following collections:
Division of Fishes, Museum of Zoology, University of
Michigan; Department of Ichthyology, California Academy
of Sciences; Division of Fishes, National Museum of Natur-
al History; and The Utah Museum of Natural History.

2 The single pharyngeal of Richardsonius balteatus was
derived from deposits (F-17, FS-10-11) outside the column

sample representing either Stratum I or II, but mostly likely
Stratum I.  Aside from this specimen, materials from this
provenience unit have not been identified.

3 Only nine specimens of Cottus echinatus were collect-
ed prior to its extinction in the 1930s: the holotype UMMZ
177376, UMMZ 156794 (two specimens), USNM 197681
(two specimens), USNM 30808, USNM 27414 (Bailey and
Bond, 1963, p. 2) BYU 29212, and BYU 29213.  All of these
specimens are preserved whole in fluid, with the exception of
UMMZ 156794: G. Smith cleared and stained a partial
(Ridewood dissection) cranium of this specimen.  I had
access to the latter specimen, BYU 29212, and BYU 29213.
Diagnostic features of the preopercle can be readily exam-
ined from fluid-preserved specimens.

4 As a frame of reference, the mean vertebral widths of a
modern 450 mm SL Catostomus ardens and a 202 mm SL
C. discobolus are 8.76 and 2.84 mm, respectively. 

5 Several Cottus species (see C. asper, prickly sculpin,
C. gulosus, riffle sculpin and C. perplexus, reticulate sculpin)
that occupy coastal drainages in the Pacific Northwest are
known to tolerate brackish waters (Wydoski and Whitney, 1979).

6 In the analyses of temperature and salinity that follow,
I assume the specimens identified as Salmoninae represent
O. clarki since that species was the only member of this sub-
family present in the materials of Strata Ia and Ib.  Even if
Salvelinus confluentus is represented in the salmonine mate-
rial, this species has very similar temperature and salinity tol-
erances as O. clarki.  Similarly, the materials identified as
Catostomus sp. are assumed to represent Catostomus ardens.
There is also no cost if this assumption is incorrect; the other
Catostomus species represented at Homestead Cave, C. dis-
cobolus, has similar temperature and salinity tolerances to C.
ardens.

7 All of the following dates in this section refer to
14C yr B.P.

8 In this analysis, I assume the specimens identified as
Cyprinidae represent Gila atraria, since Gila atraria repre-
sents well over 99% of the identified cyprinids at Homestead
Cave.
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INTRODUCTION

Cathedral Cave is ~850 m northwest of Homestead Cave
on the western margin of Homestead Knoll (figure  95).  The
cave was initially investigated during exploratory operations
in 1993, but was not selected for test excavation because of
the difficulty of access and because Homestead Cave had
more robust raptor deposits on its surface.  However, as the
Homestead Cave excavation progressed, it became apparent
that the Cathedral Cave deposits should be explored because
it seemed possible that the morphology of the cave might be
conducive to the preservation of deposits older than those at
Homestead Cave.  Homestead Cave is relatively small and
appears to have been cleaned out by wave action as Lake
Bonneville regressed past the cave mouth.  Cathedral Cave,
on the other hand, is much larger and is fronted by a large
calcium carbonate-cemented talus cone, which we thought
may have protected older deposits inside the cave from wave
action associated with the higher levels of Lake Bonneville.
As a result, we conducted very limited test excavations at
Cathedral Cave in the spring of 1995.  These were designed
only to determine the age of the basal deposits and the utili-
ty of the site for conducting the kind of paleoenvironmental
research carried out at Homestead Cave.

SITE SETTING AND DESCRIPTION

Cathedral Cave is a large limestone cavern directly over-
looking the expansive playa of the Great Salt Lake Desert
(figures 96, 97).  The cave is a solution cavern
created by groundwater moving through the
Oquirrh Formation limestone which comprises
the Homestead Knoll bedrock.  The current mor-
phology of the cave appears to predate the last
highstand of Lake Bonneville, and it seems to
have been largely unaffected by wave action
associated with the regressive phase of the last
lake cycle.  It is possible, however, that the solu-
tion cavern was enlarged during the initial trans-
gression of the lake to the Stansbury level some
20 to 24 ka.  The cave is composed of a large
antechamber, some 25 m wide by 20 m high,
which tapers to less than 6 m by 10 m at a point
40 m from the mouth of the cave (figure  98).  It
continues beyond this point an unknown dis-
tance, and air currents within the cave suggest
that it may eventually connect to the outside at
another location.  There are anecdotal reports
that cold air escapes from the cave in crevices
above and east of the cavern, but we have been
unable to locate these other possible openings.
The cave walls are almost vertical, while the
roof and floor are almost flat.
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Figure 95. Location of Cathedral Cave on Homestead Knoll, north-
western Lakeside Mountains.

Figure 96. View of the Cathedral Cave portal from the north.  Note the Stansbury-level
tufas above and below the cave entrance.



The cave opening is blocked by a large talus
cone which extends completely across the cave
mouth.  This cone appears to be primarily coarse,
angular limestone cobble and gravel colluvial
material with only limited amounts of finer-
grained materials.  An extensive tufa-cemented
breccia rings Homestead Knoll at an elevation of
~1402 m immediately above the cave, and large
blocks of this tufa/breccia may form the core of
the talus cone.  The cone is more than 12 m high
where it meets the top of the cave mouth.  It com-
pletely blocks the north side of the cave opening,
leaving only a narrow 2.5 m high by 7.25 m wide
entryway on the south side.  As a result, the main
chamber of the cave has a high western window
through which the afternoon sun sends shafts of
light across the dim interior, creating the cathe-
dral-like atmosphere which gives the cave its
name.  Anecdotal reports suggest that the north
side of the cave mouth has been closed only with-
in the last 5 to 10 years.  Much of this closure
may be due to the creation of a large woodrat
midden which blocks the crevice, rather than to
talus formation.  The upper surface of the talus
cone is heavily cemented by calcium carbonates
which have formed a 2-5 cm thick shield on the
upper one-half of the interior portion of the cone.
Much of this appears to derive from moisture
seeping through the limestone bedrock and drip-
ping slowly onto the cone.  In the spring, or after
a series of particularly heavy storms, seepage is
pervasive and rapid, and the interior of the cave
is extremely humid.  In many locations, calcium
carbonate “straws” extend from the cave roof.
During the winter and spring of 1994-1995, sev-
eral of these straws grew 10 cm or more.

The axis of the cave is oriented 2.5 degrees
west of true north, and when Lake Bonneville
was at the level of the cave, northwest winds
would have driven waves directly into the cave
mouth across a fetch of more than 75 km.  The
elevation of the cave at the top of the deposition-

al sequence inside the cave below the talus cone
is 1383 m (all elevations were determined with
a laser theodolite measuring from a marked
United States Geological Survey section corner
at the northwest corner of Section 6, T. 6 N., R.
9 W., Salt Lake Base Line and Meridian).  In the
northern Lakeside Mountains, this elevation is
approximately in the middle of the Stansbury
beach complex.  The lowest well-defined Stans-
bury beach below the cave mouth is at an eleva-
tion of 1363 m, while the highest identifiable
Stansbury beach is at ~1405 m above the cave. 

The interior of the cave is almost complete-
ly coated  3.0-6.5 cm thick with a layer of tufa
or travertine which extends along the cave walls
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and across most of the cave roof.  It coats the cave as far back
as we were able to observe, although it is somewhat thinner
in the rear.  The tufa coating has exfoliated off the cave roof
in only a few areas and pea gravel-size limestone eboulis on
the cave floor is limited to these locations.  As a result, the
surface of the interior cave deposits has a hummocky appear-
ance, with eboulis mounds located directly below exposed
limestone surfaces and valleys with limited deposition locat-
ed below ceiling areas that are still coated with tufa (figure
99).  These eboulis deposits are superimposed on lower
materials that generally slope from back to front and from the
north to south.  This limited exfoliation of roof tufa has
apparently occurred only in the mid- to late Holocene.  The
tufa on the cave walls merges with a travertine, which com-
pletely covers the cave floor and, as described below, under-
lies both the Holocene deposits and earlier deep-water de-
posits of Lake Bonneville.  Thus, when tufa was forming (but
see Interpretation and Implications, below), it coated all cave
surfaces including the ceiling, walls and floor.

Modern raptor deposits are visible in three areas of the
main cave chamber.  The largest cone is found below a perch
located just inside the cave mouth on the north edge of the
present cave opening.  A second small debris cone is ~5 m
inside the cave along the southern wall.  A third debris cone
is ~30 m inside the cave mouth along the northern wall of the

cave.  The perch/nesting area associated with the latter debris
cone appears to be currently active and we observed a pair of
barn owls using the perch in 1994.  We collected an array of
recent owl pellets from the surface immediately below this
perch for use in interpreting both the Homestead Cave and
Cathedral Cave faunas.  Woodrat middens occur at the mouth
of the cave and in a crevice along the ceiling/wall juncture ~
70 m inside the cave mouth on the northern wall.  There is a
limited amount of woodrat debris across the floor of the cave,
extending all the way to the rear, but no definable nesting or
midden areas other than those at the cave mouth.

TEST EXCAVATIONS AND STRATIGRAPHY

Exploratory excavations were initiated in three areas
within the main cave chamber.  These were situated so as to
explore areas we thought might have the deepest deposits
containing the highest concentration of raptor materials, and
to allow us to examine changes in cave stratigraphy along
both the long and short axes of the cave (figure 100).  Area
A is a 1 x 2.5 m exploratory trench extending from the north
wall of the cave towards the center of the cave deposits.
Cave sediments were excavated only to the surface of the
underlying travertine in this area.  Deep-water lacustrine
deposits and Holocene eboulis together range from less than
68 cm deep along the north wall of the cave to 165 cm deep
at the cave axis.  Area B is an L-shaped 2.5 m2 exploratory
excavation situated 6 m south and 1 m east of Area A so that
the profiles of the two trenches provide a partial wall-to-wall
cross section of the depositional sequence in the cave.  Cave
sediments are much thicker here than in the other two
exploratory trenches, extending 1.65 m down to the top of
extensive blocky limestone roof fall which appears to consti-
tute the basal depositional layer.  Because of this greater
depth, the northeast corner of the excavation was selected as
the location of a 0.5 x 1 m sample column (figure 101).  Area
C is a 1 x 2 m exploratory excavation located at the base of
the innermost raptor debris cone.  In this area maximum
depth of the deposits to the top of the limestone roof fall is
only 30 cm. 

Fill from these exploratory trenches was passed through
6.3 mm mesh screen to examine the density of faunal mater-
ial in each location and to search for any cultural materials
which might be present.  No culturally deposited materials
were identified in any of the three excavation trenches,
although burned branches occur on the surface as does a
small hearth.  These appear to be associated with historical
visits to the cave.  Once the stratigraphic sequence in Areas
A and B was exposed, it was defined, mapped, described and
photographed.  The sequence in Area C was not mapped
because of limited depth.  After the deposits were described
in detail, a 0.5 x 1 m sample column in Area B was excavat-
ed stratigraphically down to the top of the lacustrine
deposits, and all fill was passed sequentially through 6.3 and
3.1 mm mesh screen.  Faunal remains and fecal pellets were
hand-sorted from this screened material.  In some cases, the
bulk samples which passed through the 3.1 mm mesh screen
were bagged in total and returned to the laboratory for pro-
cessing.

The lower lacustrine deposits were sampled somewhat
differently.  In order to maintain stratigraphic integrity for
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Figure 99. View of the Cathedral Cave interior from the top of the
talus slope at the cave mouth.  Note the tufa coating on cave walls and
the dark limestone spall on the floor.



detailed laboratory examination, two bulk samples of the
upper deep-water deposits were collected from Area B by
simply screwing coffee cans down through the thinly lami-
nated lake clays and sealing them to prevent drying.  Samples
of the underlying layered travertine were collected from
Areas B and C by breaking up the extremely hard calcium
carbonate material with a sledge hammer, isolating large
intact chunks, marking the vertical orientation, and bagging
them for laboratory examination.  The fine-grained lacustrine
muds below the travertine were collected in large 45 liter
bulk samples from Areas B and C in order to obtain a large
representative sample of fish bone, snails and ostrocodes.
The stratigraphic descriptions outlined below are derived
from both the laboratory examination of these samples and
detailed field descriptions of the Area A and B depositional
sequence.  The depositional sequence breaks readily into two
discrete lacustrine and post-lacustrine sections, named here
as Zone One and Zone Two (figure 101).

Zone One 

The lower portion of the Cathedral Cave depositional
sequence consists of lacustrine deposits which appear to be
associated with the transgression and regression of Lake
Bonneville past the cave portal (but see Interpretation and
Implications, below).  Together these deposits are less than a
meter thick, but they represent 8-10,000 years of deposition-
al history.  These deposits are rather unusual, as virtually all
other deep-water depositional sequences come either from
the bottom of basins far removed from lake margins and sed-
iment sources or from shoreline deposits.  Depositional
sequences from moderate depths at nearshore locations are
rare. 

Stratum I consists of large, angular limestone roof fall at
the base of the deposits which could be penetrated in only a
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few spots within the confines of the limited excavation areas,
and we are unsure of the nature of bedrock materials.  How-
ever, neither the roof fall nor the few exposed wall surfaces
of the Oquirrh Formation limestone exhibit the kind of wave-
polish modification found on bedrock surfaces of nearby
Homestead Cave, and it may be that large talus at the cave
mouth served as a breakwater, limiting wave action inside
the cave.  The vertical extent of the rockfall material is
unknown at present.  Some of these limestone blocks are
thinly coated with an algal tufa unlike the travertines of Stra-
tum III described below.

Stratum II is composed of laminated fine-grained lacus-
trine clays containing numerous ostracodes, gastropods and
fish bones.  Several layers at the base of the sequence are
composed almost entirely of ostracodes, primarily Candona
caudata and Limnocythere staplini.  The gastropods are pri-
marily Amnicola sp., although some Limnaeid sp. are also
present.  There are several thin, oxidized layers within the
sequence.  Stratum II is deposited in and around large roof
fall on the bedrock floor (figure 101), and thus varies con-
siderably in depth.  Small lumps of tufa, possibly derived
from the thin coat of tufa on this roof fall, occur sporadical-
ly within the laminated deposits.  The uppermost portion of
this stratum consists of a thin (>5 mm) white or light gray
layer that has an abrupt lower boundary and contains broken
and reworked ostracodes and carbonate lumps.  Stratum II
reaches a maximum of 15 cm thick in the Area C trench but
may be thicker towards the mouth of the cave (figure  102).
Desiccation cracks in Stratum II are filled in places by tufa
associated with the deposition of Stratum III.  Color (under
florescent light) is reddish gray (5YR6/2).

Stratum III consists of a set of interleaved and interbed-
ded tufa/travertine deposits overlying the Stratum II muds.
These generally conform to the cave floor topography and
slope from north to south and east to west to-
wards the cave mouth.  In the area of the
exploratory trenches near the base of the talus
slope this gradient is low and the surface is
almost flat.  At least 25 individual layers are
present, and many are separated by hollow
spaces and/or fine-grained sediments which
may have filled these spaces after deposition
(figure 103).  Together, the travertine layers
reach a maximum of 23 cm thick.  Layers of
large calcium carbonate crystals have formed in
these spaces in the lower portion of the
sequence but are rare towards the top.  These
uppermost layers grade directly and continuous-
ly into the tufa coating on the cave walls and
ceiling.  There is no evidence of snails, ostra-
codes or fish remains.  Color is varied due to the
nature of the deposits, but is primarily white
(5Y8/2) to pale yellow (5Y8/3).

The classification of tufas and travertines
remains confused at best, and the relationship
between particular forms and particular deposi-
tional environments is poorly defined (see Viles
and Goudie, 1990; Pedley, 1990; Benson, 1994).
However, in general, travertines are found pri-
marily in shallow, flowing water situations, while tufas occur
in pond or lake margin environments.  The layered travertine
deposits in Cathedral Cave therefore suggest very shallow-

water conditions (<1 m) may have been present in the cave,
with some increased flow of water seeping through the
bedrock from sources in the rear of the solution cavern.  The
layering suggests the lake may have been fluctuating near
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Figure 102. View of Stratum II profile in exploratory trench C.  Note
desiccation cracks.

Figure 103. View of the Stratum III tufa/travertine layers in exploratory trench B.



this elevation, although it is possible the fine-grained silts
and clays represent storm surges.  If so, these travertine lay-
ers thus represent a time when Cathedral Cave was essential-
ly a sea cave, with the lake covering the floor to depths of
1-5 m (depending on the slope) while the upper 10-15 m of the
cave remained open.

Alternatively, Stratum III may have formed from mas-
sive ground-water discharge into the cave as the lake
dropped below the cave mouth during an early oscillation in
the regressive phase of the last major lake cycle.  It is possi-
ble the travertines formed in sandy or pelletal layers between
the two mud beds after they were deposited and are the result
of rapid precipitation of aragonite at the boundary between
the impermeable muds.

Stratum IV is composed of very finely laminated deep-
water lacustrine deposits.  Basal laminae are white, shifting
to gray and brown at the top, with upper laminae appearing
somewhat coarser than the lower.  Color (under florescent
light) grades from white (5Y8/2) at the base, to light gray
(5Y7/2) in the middle to pale olive (5Y6/3) at the top.  These
lake marls contain numerous ostracodes, primarily Candona
caudata and C. eriensis(?) at the base and C. caudata, C.
lacustris and Limnocythere ceriotuberosa at the top.  Occa-
sional unidentified fish bone and snail shell fragments occur
in the middle of the sequence.  Amnicola sp. is the common
gastropod in the upper portion of the sequence.  Small flakes
of limestone eboulis occur throughout the sequence.  The
deposits conform to the Stratum III surface and are thickest
at the front west edge of the test exposures where they reach
a maximum of 16 cm thick.  Towards the rear of the cave in
Area C, the Stratum IV marls are thin and appear to have
been eroded away by wave action.  There is a readily identi-
fied surface between the lower white marls and the darker
layers of the upper section that may relate to the Bonneville
flood.  If so, this depositional change dates to ~14.5 ka (Ovi-
att and others, 1994).  Pollen from the upper, darker laminae
provided an age estimate of 15,310 ± 60 yr B.P. (WW1802),
but this must be considered to be only a limiting date.  That
is, the true age is likely to be younger than this date (see
below).

Stratum V is a layer of reworked marl containing num-
erous broken ostracodes and gastropods.  Its surface is quite
undulating and almost has the appearance of an eolian dune,
although it appears to have been reworked by water.  Due to
these undulations, the thickness of this depositional unit
varies from 27 cm to 4 cm within less than 50 cm horizon-
tally.  Stratum V rests directly on the laminated marls of Stra-
tum IV, but there is no sharp break, and there is only a faint
surface between the coarser upper materials of Stratum IV
and the reworked marls of Stratum V.  Some small limestone
eboulis is present in very limited amounts, but there is no evi-
dent bone.  Color (under florescent light) is light yellowish
brown (2.5Y6/4).  The deposits appear to be the result of
wave action reworking the Stratum IV marls into a beach as
Lake Bonneville regressed past the mouth of Cathedral Cave
at the close of the Pleistocene.  The upper surface of this
reworked marl beach is uniformly marked by an oxi-
dized/organic stain 2-3 cm thick which is found throughout
the deposits.  This oxidized surface appears to represent a rel-
atively long depositional hiatus following the regression
event, during which little or no material was introduced into
the cave by any eolian, colluvial, or biotic vector.

Zone Two

The upper zone represents depositional events associat-
ed with the accumulation of materials in Cathedral Cave after
Lake Bonneville permanently regressed below the cave por-
tal.  These upper deposits are relatively consistent and are
very difficult to distinguish from one another in terms of
either texture or color.  They are composed almost entirely of
sand- to pea gravel-sized limestone spall and limited
amounts of organic debris and are a uniform very dark gray.
These Zone Two strata are defined only in the Area B explo-
ration trench and may be very difficult to follow horizontal-
ly across the cave deposits as a whole.  We could not, for
example, feel confident of our attempts to correlate these
deposits in the Area A and B trenches even though they are
less than two meters apart.

Stratum VI is composed of mixed limestone eboulis, tufa
spall and reworked sand-sized fragments of marl, and repre-
sents the earliest post-lake deposition in the cave.  It overlies
the oxidized surface of Stratum V and fills in its deeper undu-
lations.  As a result, thickness varies from 5 to 32 cm,
although the upper surface of the stratum is relatively uni-
form.  It contains very minor amounts of bone, but no evident
plant macrofossils.  The limestone spall is generally small to
medium in size, with some reaching 10 cm.  The tufa spall is
much larger and is composed of fragments up to 30 cm
across.  The reworked beach sand in the stratum appears to
be derived both from bioturbation and from the large spall
falling on and churning up the Stratum V surface.  Because
of these mixed deposits, the stratum is varied in color, but
(under florescent lights) is primarily light brownish gray
(10YR6/4).

Stratum VII is a dark layer of fine to medium limestone
spall containing numerous fragments of wall and ceiling tufa
and a variety of small bones.  There are no apparent plant
macrofossils.  The dark appearance is due to sand-size lime-
stone spall that may have disintegrated in place.  Stratum VII
is vaguely stratified, and its upper and lower surfaces are rel-
atively uniform.  Thickness ranges from 12-18 cm.  It can be
distinguished from the overlying Stratum VIII only with
great difficulty and is separated on the basis of a layer of rel-
atively coarser spall on the interface between the two units.
Color is too dark to define adequately.  A sample of bone
from the stratum provides an age estimate of 3870 ± 50 yr
B.P. (Beta 85683).

Stratum VIII is virtually identical to Stratum VII but can
be distinguished by the presence of small amounts of plant
macrofossils as well as the coarse eboulis unit mentioned
above.  A variety of small bone is also present.  Like all the
upper spall layers, it is characterized by very fine sand-sized
limestone spall which gives it its color and texture.  Medium
spall to ~2 cm diameter is common.  Its upper and lower sur-
faces are relatively uniform and the stratum varies from 20-
25 cm thick throughout the exposure.  Color is too dark to
define adequately.

Stratum IX is also very similar to Strata VII and VIII but
is readily distinguished from the overlying, more organic,
Stratum X.  It too is characterized by very fine sand-sized
limestone spall, with some medium-sized spall reaching 2
centimeters.  Several small microlaminae are evident in the
profile, but these cannot be traced laterally beyond a few cm.
Small bone and plant macrofossils are present.  Color is also
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too dark to define adequately.  Stratum IX is thickest towards
the front of the cave below the talus cone and narrows
sharply towards the rear.  It varies in thickness from 35-10
cm in less than one meter horizontally.

Stratum X is a layer of mixed limestone spall and
fibrous organic material.  Much of this latter material is com-
posed of large branches of sagebrush/rabbitbrush and other
desert shrubs.  In spots, this shredded fibrous material com-
prises the bulk of the unit.  The lower surface of the stratum
is marked by a thin eolian deposit that can be traced only
intermittently across exposed profiles.  The unit as a whole is
very irregular, ranging in thickness from 3-30 cm, and in
places is very difficult to recognize.  In a few locations it
forms the surface deposit.  A sample of bone from the
stratum provides an age estimate of 740 ± 40 yr B.P. (Beta
85682).

Stratum XI is the surface spall deposit and has charac-
teristics very similar to Strata VII-IX.  It contains sand- to
pea gravel-sized limestone spall, with 2-3 cm diameter spalls
being common.  The unit contains some fibrous material
derived from desert shrubs and some small bone.  It varies in
thickness from 15 to 0 cm in areas where the underlying Stra-
tum X is exposed.  Stratum XI is disturbed in spots by
exploratory digging, and some of the back dirt from these
holes covers both the Strata X and XI surfaces.  Color is too
dark to define adequately.

CHRONOLOGY

Temporal controls for the Cathedral Cave depositional
sequence are provided directly by three radiocarbon dates,
and indirectly by diagnostic microfauna, primarily ostra-
codes, which are well dated in other locations throughout the
Bonneville basin (table XXXV).  These faunal “events”
occur in the Zone One lacustrine deposits and help provide
some structure for the prolonged 10,000+ year history repre-
sented by these strata.

A general assessment of the age of the Stratum III
travertines and that of the overlying Stratum IV lacustrine
deposit is provided by a date on pollen from the Stratum IV
muds.  The calcium carbonate deposits on the floor and walls
of the cave appear to be part of the same depositional event
and were likely deposited during a lake-level oscillation dur-
ing either the trangressive or regressive phases of the last
lake cycle.  Given the number of interpretive problems asso-
ciated with such factors as diagenesis and redeposition in
dating tufa (see Pazdur 1988; Pazdur and others, 1988), and
that tufa dates have been particularly difficult to interpret in
the Bonneville basin (see Oviatt and others, 1992), we sought
to date pollen from the overlying lacustrine deposits to help

us determine whether the travertines are associated with the
transgressive or regressive phase of the last Lake Bonneville
cycle.  Although the ages of pollen in these deposits may dif-
fer by hundreds of years from the true age, the difference
between the ages of a trangressive and regressive phase
oscillation is on the order of thousands of years.  A trans-
gressive-phase oscillation most likely dates to the age of the
Stansbury level at ~22-20,000 B.P., while a regressive-phase
oscillation most likely postdates the age of the Provo level at
~14.5 ka.  Moreover, pollen dates are most likely somewhat
younger than their true age due to an unknown reservoir
effect and to redeposition of older materials.  This seems to
be a common problem in western North American lakes (see
Madsen and others, 2000).  For example, pollen dates from
samples in Great Salt Lake cores taken immediately above
and below Mazama tephra are ~700 14C yr older than the
well-established age of the ash. 

Pollen from the base of the Stratum IV lacustrine clays
dates to 15,310 ± 60 yr B.P. (WW 1802), suggesting that the
age of all the Stratum IV deposits is younger, possibly as
much as 1000 years younger, than 15.3 ka.  Thus, it seems
likely that the upper lacustrine deposits, and possibly the
travertines below them, are associated with a post-Provo
regressive phase, and that the Stratum II lacustrine deposits
are associated with the highest Bonneville and Provo levels
of the last lake cycle.  Alternatively, the Stratum IV clays
may be associated with the highest elevations of the lake.
The upper dark gray, fine-grained sediments and the lower
white marl of Stratum IV are separated by an abrupt bound-
ary which contains an array of broken and reworked ostra-
codes, many of which are carbonate coated.  This abrupt
boundary may mark the Bonneville flood, during which lake
levels were lowered catastrophically, and lacustrine sedi-
ments were redistributed and reworked on the lake bottom
(Oviatt and others, 1994).  Although the interior of Cathedral
Cave was in a detrital rain shadow and well below wave base
during this event, evidence from other lake floor locations
suggests turbation of lake waters during this dramatic event
was more than sufficient to wash these broken and reworked
ostracodes into the cave.  Similar boundary layers have been
identified in a variety of Bonneville marl sequences and are
confidently dated to ~14.5 ka.

Temporal controls for the Zone Two eboulis deposits are
provided by two AMS dates on collagen extracted with alka-
li from artiodactyl bone fragments collected from Strata VII
and X.  Bulk collagen dates have often been shown to be in
error (see Stafford, 1990) due to systematic differential
amino acid degradation which produces dates younger than
the actual age.  When protein preservation is good, however,
as in the case of bone samples from the Homestead Knoll
caves, collagen dates can provide a relatively close approxi-
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Table XXXV

Dated strata from Cathedral Cave

Stratum 14C Age Lab No. Material Calibrated Calage
(yr B.P.) Range (B.P. @ 2σ)

IV 15,310 ± 60 WW 1802 pollen 17,765 - 18,889
VII 3870 ± 50 Beta 85683 collagen 4097 - 4,419
X 740 ± 40 Beta 85682 collagen 573 - 730



mation of the true age.  At the very least, the dates provide
limiting ages, in this case probably very closely limiting
ages, for the deposition of these strata.  The 13C/12C adjust-
ed conventional age for Stratum VII is 3870 ± 50 yr B.P.
(Beta 85683), and that for Stratum X is 740 ± 4 yr B.P. (Beta
85682).  When converted to calendar ages using a calibration
program produced by Stuiver and others (1998), these dates
produce age ranges (at 2 σ) of 4097-4419 cal yr B.P. and 573-
730 cal yr B.P., respectively.  The age range for the Stratum
VII date is unusually large due to multiple intercepts of the
calibration curve.

FAUNAL REMAINS

The limited excavations at Cathedral Cave recovered
770 skeletal specimens representing at least 14 species.  The
collection is dominated by the remains of small animals,
many of which appear to have been deposited by avian and
mammalian predators inhabiting the cave.  The recovered
faunal assemblage is surprisingly small, especially when
considering site context and clear evidence of raptor habita-
tion.  Nevertheless, the bones provide supplementary data on
Holocene zoogeography in the northern Bonneville basin.

Table XXXVI presents the number of identified speci-
mens (NISP; see Grayson, 1984) by stratum from Area B.
A few bones also were collected from excavations adjacent
to the east wall in Area A from Strata XI (NISP=7) and VI
(NISP=13).  Both strata contained bird and hare (Lepus sp.)
bones, and Stratum XI contained two large artiodactyl (bi-
son/cow-sized) rib fragments.  The following presents a sum-
mary of identified species and anatomical parts in the Area B
assemblage.  Discussions include modern records of various
taxa in the Lakeside Mountains vicinity and, where pertinent,
criteria used in species identification.

CLASS MAMMALIA-MAMMALS 

Order Chiroptera - Bats

Material: 1 skull fragment, 1 mandible, 2 mandible frag-
ments: 4 specimens.
Remarks: A variety of bats are found currently in the Lake-
side Mountains and vicinity (see Durrant, 1952).  Due to our
lack of sufficient comparative skeletons, no attempt was
made to identify the Cathedral Cave Chiroptera remains.

Order Lagomorpha - Rabbits, Hares and Pikas

Family Leporidae - Rabbits and Hares
Sylvilagus sp. - Rabbits

Material: 1 skull fragment, 1 isolated tooth, 1 distal femur,
1 distal tibia: 4 specimens.
Remarks: Hall (1981, pp. 303-309) reports both Nuttall’s
cottontail (Sylvilagus nuttallii) and Audubon’s cottontail   (S.
audubonii) in the Cathedral Cave vicinity.  The Cathedral
Cave rabbit bones are larger than those of B. idahoensis, rep-
resenting S. nuttallii and/or S. audubonii.

Lepus sp. - Hares

Material: 1 isolated tooth, 1 proximal humerus, 1 vertebra
fragment, 1 innominate fragment, 1 calcaneus, 1
carpal/tarsal, 1 phalanx: 7 specimens.
Remarks: The black-tailed jackrabbit (Lepus californicus) is
the only species of hare that resides in the Cathedral Cave
area today (Durrant, 1952).  However, L. townsendii (and
probably L. americanus) occupied low-elevation settings in
the region during the late Pleistocene and early Holocene
(see Grayson, 1987; see also chapter seven).  We observed a
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Table XXXVI
Numbers of faunal specimens by stratigraphic unit at Cathedral Cave

Taxon XI X IX VIII VII VI Total
Chiroptera - - - - 4 - 4
Sylvilagus sp. 4 - - - - - 4
Lepus sp. 1 - 2 2 2 - 7
Spermophilus sp. 4 - 4 2 - - 10
Thomomys sp. 4 - - 2 - - 6
Thomomys bottae 2 - - - - - 2
Perognathus longimembris - - - 1 - - 1
Dipodomys sp. 7 2 5 5 13 1 33
Dipodomys microps - - 2 1 - - 3
Peromyscus maniculatus 1 - - 2 1 - 4
Neotoma sp. 5 2 1 3 7 - 18
Neotoma lepida 1 1 - - 5 - 7
Artiodactyla - 1 - 1 10 1 13
Reptilia 6 1 9 9 22 3 50
Aves 6 - - - 1 4 11
Large Mammal 3 14 3 - 1 - 21
Small Animal 95 14 47 123 228 39 546
Unidentified - 2 - 1 6 1 10

Totals 139 37 73 152 300 49 750



few L. californicus while conducting field investigations in
the Homestead Knoll vicinity and jackrabbit remains were
abundant in the golden eagle prey assemblage collected
immediately east of the cave at Cathedral Roost (Schmitt
1995).

Order Rodentia - Rodents

Family Sciuridae - Squirrels and Relatives
Spermophilus sp. - Ground Squirrels

Material: 1 skull fragment, 2 mandible fragments, 1 distal
humerus, 1 innominate fragment, 1 femur, 1 distal femur, 1
tibia, 2 proximal tibiae: 10 specimens.
Remarks: A number of squirrels are to be expected in the
northern Lakeside Mountains, including Spermophilus mol-
lis, (Townsend’s ground squirrel), S. lateralis (golden-man-
tled ground squirrel) and Ammospermophilus leucurus
(white-tailed antelope squirrel) (Durrant, 1952).

Family Geomyidae - Pocket Gophers
Thomomys sp. - Smooth-toothed Pocket Gophers

Material: 2 skull fragments, 1 mandible fragment, 3 isolat-
ed teeth: 6 specimens.

Thomomys bottae - Botta’s Pocket Gopher

Material: 2 skull fragments: 2 specimens.
Remarks: Thomomys bottae is the only species found in the
Cathedral Cave vicinity today (Durrant, 1952).  Our identifi-
cation of two fragmentary skulls as T. bottae was based on
rostrum characteristics reported by Thaeler (1980).

Family Heteromyidae - Pocket Mice, Kangaroo Mice,
and Kangaroo Rats
Perognathus longimembris - Little Pocket Mouse

Material: 1 mandible fragment: 1 specimen.
Remarks: Although Durrant (1952, p. 238) reports the near-
est record some 70 km north of Homestead Knoll near Kel-
ton (elevation 1288 m), the presence of Perognathus
longimembris in the Cathedral Cave fauna is not surprising.
This diminutive taxon is known to inhabit low deserts and
valley slopes throughout most of the Great Basin.

Dipodomys sp. - Kangaroo Rats

Material: 3 skull fragments, 2 mandible fragments, 8 isolat-
ed teeth, 3 humeri, 1 distal humerus, 3 ulnae, 3 innominate
fragments, 1 proximal femur, 2 distal femora, 2 proximal tib-
iae, 5 distal tibiae: 33 specimens.

Dipodomys microps - Chisel-toothed Kangaroo Rat

Material: 1 mandible fragment, 2 isolated teeth: 3 speci-
mens.
Remarks: Both the chisel-toothed kangaroo rat and Ord’s
kangaroo rat (Dipodomys ordii) are currently found in the
Lakeside Mountains vicinity (Durrant, 1952; Hall, 1981).  As
its name suggests, the chisel-like cutting surface of D.
microps’ lower incisors are easily recognized and unique to
the species (see Hall, 1946, p. 417, or Grayson, 1993, p. 24).
Dipodomys microps remains were common in the sample of

barn owl (Tyto alba) pellets we collected from Cathedral
Cave.

Family Muridae - Rats and Mice
Peromyscus maniculatus - Deer mouse

Material: 1 skull fragment, 3 mandible fragments: 4 speci-
mens.
Remarks: Deer mice are found throughout North America
and occur in a variety of Great Basin environmental contexts.
A number of Peromyscus maniculatus were trapped during
1995 field investigations on Homestead Knoll (chapter
seven), and their remains were identified in modern barn owl
pellets collected from Cathedral Cave.  Other species of mice
that are known in southern Box Elder County include the
canyon mouse (P. crinitus), northern grasshopper mouse
(Onychomys leucogaster) and western harvest mouse (Rei-
throdontomys megalotis) (Durrant, 1952; Hall, 1981).

Neotoma sp. - Woodrats

Material: 1 skull fragment, 2 mandible fragments, 1 isolat-
ed tooth, 1 humerus, 3 distal humeri, 3 radii, 1 ulna, 2 innom-
inate fragments, 1 proximal femur, 1 distal femur, 2 distal
tibiae: 18 specimens.

Neotoma lepida - Desert Woodrat

Material: 1 skull fragment with M1 and M2, 1 mandible
fragment with M1, 5 isolated teeth: 7 specimens.
Remarks: Both Neotoma lepida and N. cinerea (the bushy-
tailed woodrat) were trapped in Homestead Cave and vicini-
ty during our 1995 field investigations (see Grayson and oth-
ers, 1996 for the biogeographic significance of this low-ele-
vation N. cinerea record).  Our identification of Cathedral
Cave Neotoma specimens employed morphological attrib-
utes and comparisons of molar occlusal lengths with modern
Neotoma specimens reported by Grayson (1988, pp. 21-22,
53-55).  The shallow reentrant angle of the anterior prism of
M1 retained in the single skull fragment (Stratum X) is char-
acteristic of N. lepida; the maxillary alveolar length of this
specimen (8.10 mm) also falls within the range of the
species.  Table XXXVII presents the occlusal lengths of iso-
lated Neotoma molars recovered from the cave.  Except for
the single M3 (Stratum VII), all of the occlusal lengths fall
within the range of modern N. lepida and are smaller than
those reported for N. cinerea (see Grayson, 1988, table 5).
Since the size of the M3 falls within the range of both N. lep-
ida and cinerea and several of the larger specimens of
woodrat pellets fall within the range of N. cinerea (see
below), it is possible that bushy tailed woodrats also inhabit-
ed the cave.
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Table XXXVII
Occlusal lengths (mm) of isolated Neotoma molars

from Cathedral Cave

Stratum Molar Length Species
X M1 3.04 N. lepida

VII M1 3.10 N. lepida
VII M1 2.89 N. lepida
VII M2 2.53 N. lepida
VII M2 2,55 N. lepida
VII M3 1.91 Neotoma sp.



Order Artiodactyla - Artiodactyls

Material: 1 thoracic vertebra fragment, 2 lumbar vertebra
fragments, 9 rib fragments, 1 sacrum fragment: 13 speci-
mens.
Remarks: All of the Area B ungulate remains are from small
artiodactyls and represent deer (Odocoileus hemionus),
pronghorn (Antilocapra americana) and/or bighorn sheep
(Ovis canadensis); unfortunately, the fragmentary axial ele-
ments recovered from the cave could not confidently be iden-
tifed beneath taxonomic order.  Ten specimens were found
clustered in Stratum VII and likely represent bones from a
single individual.  Proximal rib fragments from Strata X and
VII were submitted for 14C assay and returned 13C/12C
adjusted dates of 740 ± 40 and 3870 ± 50 yr B.P., respective-
ly.  Both specimens were destroyed by collagen extraction
and subsequent radiocarbon analysis.

CLASS REPTILIA - REPTILES

Order Squamata - Lizards and Snakes

Material: 5 skull fragments, 2 mandible fragments, 42 ver-
tebrae/vertebra fragments, 1 innominate fragment: 50 speci-
mens.
Remarks: Reptile remains were recovered throughout the
deposits excavated (table XXXVI).  No attempt was made to
identify the reptilian bones beneath taxonomic order.

Class Aves - Birds

Material: 2 proximal humeri, 1 distal humerus, 1 distal
radius, 1 carpometacarpus, 2 vertebra fragments, 2 proximal
femora, 2 distal tibiotarsi: 11 specimens. 
Remarks: Morphological differences (notably bone size)
indicate at least three species of bird are represented in the
modest Cathedral Cave faunal assemblage.

The majority of the bones were recovered from late
Holocene limestone and tufa spall accumulations (Strata VII-
XI) and all identified specimens represent taxa that currently
reside in the Cathedral Cave vicinity.  Analysis of the faunas
and the results of radiocarbon dating offer some information
on when various animals inhabited the region but also pro-
vide data on how these materials accumulated.  The cave
contains abundant evidence for habitation by non-human
predators and collectors, especially nocturnal raptors (see
chapter two).  Given this evidence, we surmised that most
small animal specimens were deposited by avian predators.
In an attempt to identify accumulative mechanisms in the
cave we examined each bone for evidence of partial diges-

tion, including corrosive pitting, rounding of fracture sur-
faces, extensive polish, and/or adhered matting or hair.  Clear
evidence of partial digestion was observed on animal
remains recovered throughout the deposits, together repre-
senting approximately 40% of the small fauna (table
XXXVIII).  Although significant numbers of scat/pellet
bones were identified, we are confident that a much greater
proportion of the bones was deposited by raptors but passed
undetected in our analyses; evidence of digestive attrition is
often difficult to detect on small bone fragments (Schmitt
and Juell, 1994) and many skeletal portions cast in owl pel-
lets (especially those of Tyto alba) are complete and largely
undamaged (Hoffman, 1988; Kusmer, 1990).  Regardless,
the varying frequencies of identified scat/pellet bones tend to
reflect intermittent raptor habitation during the late
Holocene.

OSTRACODES, FECAL PELLETS AND
PLANT MACROFOSSILS

The primary purpose of our test excavations at Cathedral
Cave was the recovery of the faunal sample described above.
However, we also recovered a variety of other biological
materials in association with a number of the geological sam-
ples.  Most of these come from the Zone One sediments and
are derived from deep-water Lake Bonneville deposits.

Ostracodes (by Charles G. Oviatt)

Ostracodes are microorganisms common in virtually all
aquatic environments and, together with diatoms, form the
primary organism record of the physical and chemical prop-
erties of lake waters.  Ostracode species are so habitat-spe-
cific that they are highly suited to detailed paleoenvironmen-
tal interpretations.  Ostracode valves are composed of low-
magnesium calcite and are readily preserved in many lake
environments (Forester, 1987, pp. 266-267).  They are com-
mon in the sediments of Lake Bonneville, and variation in
the number and proportion of different taxa has proved use-
ful in identifying changes in lake level (see Thompson and
others, 1990; Oviatt and others, 1994).  Nine samples have
been briefly analyzed to provide an assessment of the lacus-
trine sequence in Cathedral Cave.  These include: (1) a  sec-
tion 10 cm thick of the lower Stratum II muds which was
divided into six subsamples, (2) two samples from the lower
and upper marls of Stratum IV, and (3) a single sample from
the reworked Stratum V beach material.  The samples from
Stratum II were contiguous, and the boundaries were based
on color and textural changes on a cleaned surface.  These
samples were labeled with the depth ranges (from the bottom
up) in centimeters.  Ostracode samples were prepared using
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Table XXXVIII
Numbers of small animal bones and small animal scat/pellet bones by stratum at Cathedral Cave

(Tallies include taxonomically identified specimens)

XI X IX VIII VII VI Total
Total Small Animal  130 20 70 149 284 44 697
No. of Scat/Pellets 80 7 30 62 94 15 288
% Scat/Pellets 61.5 35.0 42.9 41.6 33.1 34.1 41.3



a method developed by Forester (1985), which involves a hot
water bath, addition of baking soda, a freeze-thaw cycle, and
wet sieving.  The ostracodes were examined under a stere-
omicroscope.  Table XXXIX gives ostracode species in order
of relative abundance; the lists are based on visual estimates
and no counts were made.  Gastropods and fish remains were
noted when encountered.  These identifications are tentative,
and no definitive interpretation can be attempted as yet.

Fecal Pellets - These were recovered from all of the Zone
Two strata, but are most abundant in the most recent deposits
(table XL1).  The presence of artiodactyl fecal pellets indi-
cates that antelope, deer, or mountain sheep entered the cave,
possibly during inclement weather, much as they did at
Homestead Cave (see chapter five).  The presence of lago-
morph pellets may be related to raptor predation.  Fecal pel-
lets from woodrats (Neotoma sp.) were recovered from Stra-
ta X-XI.  Fecal pellet widths provide a measure of body size
and, in turn, can provide an estimate of the species which
most likely produced them (Smith and others, 1995).  The
correlation is not straightforward, as problems with sexual
dimorphism and the presence of juveniles complicates inter-
pretation.  For this reason, we used only the largest 15% of
the pellets at Homestead Cave as a guide to the presence/
absence of the bushy-tailed woodrat (N. cinerea). Adult males
of this species weigh 175 - 440 g and, if the pellet width/body
mass relationship suggested by Smith and others (1995) is
valid, produce 4.5 - 6.0 mm wide fecal pellets.  Adult males
of the desert woodrat (N. lepida), on the other hand, average
only 175 g, and produce pellets in the range of 4.0 - 4.5 mm.
Unfortunately, the number of fecal pellets from the Cathedral
Cave test excavation is small and any conclusions must be

considered tentative (table XL2).  However, the presence of
pellets larger than 4.75 mm in width suggests that bushy-
tailed woodrats may have been present in the cave during the
latter part of the depositional sequence.  Three of five speci-
mens from Stratum XI and seven of 19 from Stratum X are
greater than 4.75 mm wide.  The largest in both strata
exceeds 5.6 mm in width.  These large fecal pellet widths
suggest body weights on the order of 250-500 g.  While no
N. cinerea remains were identified in the skeletal data
reviewed above, the modern occurrence of bushy-tailed
woodrats at Homestead Cave (Grayson and others, 1996)
suggests that they probably also inhabit other cool cave habi-
tats in the Homestead Knoll area.

Plant Macrofossils - Plant macrofossils are absent from
all but the four most recent depositional units.  Identifiable
remains occur only in Strata X and XI and, thus, date to 750
yr B.P. or later.  These consist of branches of desert shrubs,
primarily rabbitbrush (Chrysothamnus sp.) and lesser
amounts of sagebrush (Artemisia sp.).  Similar branches,
most of which are charred on one or both ends, are found on
the cave surface and appear to have been brought into the
cave historically for use as torches.  Since both Strata X and
XI are part of the modern surface and have been covered in
spots by backdirt from relic hunter’s holes, it is possible all
of this material is a product of historical human visitation to
the cave.  Some of it may also have been brought to the cave
by prehistoric peoples who occupied other caves in the
northern Lakeside Mountains (Madsen and Kirkman,1988;
Shaver, chapter six).  However, no cultural materials which
might support this conclusion were identified in the test
excavations.
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Table XXXIX

Ostracodes in samples of lacustrine deposits from Cathedral Cave
(samples are listed from the bottom up in stratigraphic order; identified ostracodes are listed in order

of relative abundance)

Stratum II:
Sample 1, 0 - 1.5 cm - Candona caudata, Limnocythere ceriotuberosa, L. staplini, C. decora, undetermined others,  

Amnicola sp., fish bones, tufa lumps.

Sample 2, 1.5 - 3.2 cm - C. caudata, L. ceriotuberosa, C. decora, L. staplini, undetermined others, Amnicola sp., fish 
bones, small tufa lumps.

Sample 3, 3.2 - 4.2 cm - C. caudata, C. decora, L. ceriotuberosa, L. staplini, C. adunca, undetermined others, fish bones.

Sample 4, 4.2 - 5.6 cm - C. caudata, C. adunca, L. ceriotuberosa, L. staplini, C. decora, undetermined others, fish bones, 
few tufa lumps.

Sample 5, 5.6 - 9.6 cm - C. adunca, C. caudata, L. ceriotuberosa, C. decora, L. staplini, undetermined others, fish bones.

Sample 6, 9.6 - 10 cm - C. caudata, L. ceriotuberosa, undetermined others, carbonate lumps [most ostracode valves      
broken or carbonate coated, suggesting reworking].

Stratum IV:
Sample 7, lower marl - C. caudata, C. eriensis (?), L. staplini, L. ceriotuberosa, L. sappaensis, undetermined others.

Sample 8, upper marl - C. caudata, L. ceriotuberosa, L. staplini, Cytherissa lacustris, C. decora, undetermined others, 
snail fragments, tufa lumps, fish bone fragments. 

Stratum V:
Sample 9 - C. caudata, C. lacustris, L. ceriotuberosa, L. staplini, C. rawsoni, undetermined others, Amnicola

sp., fish bones, abundant tufa lumps, charophyte (?) stem encrustations [many ostracode 
valves have carbonate coating and are reworked].



CATHEDRAL CAVE FISHES

(by Jack M. Broughton)

Table XLI provides the numbers of identified fish speci-
mens by element from Stratum II at Cathedral Cave.  The cri-
teria used to arrive at those identifications are provided in
chapter nine.  A total of 547 identified fish specimens are rep-
resented in this deposit; all of those are sculpin.  The mottled
sculpin (Cottus bairdi) is represented by three preopercles.
Five preopercles were identified as either Bear Lake sculpin
(Cottus extensus) or Utah Lake sculpin (C. echinatus).  Both
C. extensus and C. bairdi are represented in the Homestead
Cave fauna as well as from the Hot Springs and Black Rock
late Pleistocene deposits of Lake Bonneville (Smith and oth-
ers, 1968).  Since C. echinatus has yet to be securely identi-
fied in any Lake Bonneville ichthyofauna, the materials iden-
tified as C. extensus/echinatus most likely represent C. exten-
sus. 

That the Cathedral Cave deposits lack most of the fish
species known to have occupied Lake Bonneville is intrigu-
ing and may reflect something unique about the sampling
mechanism involved in forming that deposit.  Indeed, ostra-
code data suggest that the material represents a deep-water
phase Bonneville and Provo-level deposit that accumulated
under 100-200 m (300-600 ft) of water.  The presence of
Bear Lake sculpin is consistent with this suggestion, since
these are the most abundant fish that occur in the greater
depths of Bear Lake.  These fish are also known to actively
burrow into the soft marl sediments in the bottom of the lake
(McConnell and others, 1957; Dalton and others, 1965;
Sigler and Sigler, 1996).  Although C. bairdi is a bottom-
dwelling, cold-water stream fish over most of its range
(Sigler and Sigler, 1996), deep-water lake populations are
also known for this species in eastern North America, such as
in Lake Erie (Trautman, 1981, pp. 708-710; Keleher, 1952).

INTERPRETATION AND IMPLICATIONS

The primary purpose of the Cathedral Cave test excava-
tions was to determine the nature of the cave deposits and to

investigate the potential significance of any faunal record it
might contain.  To this end, we explored three test areas in
the main chamber of the cave, and stratigraphically excavat-
ed a 1 x 0.5 m sample column of the upper post-Lake Bon-
neville deposits.  Analysis of skeletal material larger than 2.5
mm suggests that deposition by raptors and woodrats was
limited in both amount and duration.  Only 750 faunal spec-
imens were recovered from a 1.1 m deep depositional se-
quence which spans less than the last 5000 years.  Compared
to the 3 m deep, 11.3 ka sample column at Homestead Cave
containing two million or more faunal specimens, the inter-
pretive utility of the Cathedral Cave record is marginal.
However, materials in the cave do provide some limited sup-
port for the Homestead Cave record which suggests bushy-
tailed woodrats were reintroduced into the cool, moist cave
habitats of the northern Lakeside Mountains during the late
Holocene.

The identification of high-elevation, deep-water Lake
Bonneville deposits spanning most of the last lake highstand
is, perhaps, the most significant result of the test excavations.
Detailed investigation of these deposits remains to be ac-
complished, but preliminary analyses suggest two deep-
water phases, separated by a regressional event, are present.
The former are represented by laminated marls, the latter by
tufa/travertine deposits.  The chronological placement of
these lake deposits remains uncertain, but the single avail-
able limiting radiocarbon dates suggests that it occurred dur-
ing the regressive phase of the last major lake cycle.  There
are, however, two possible interpretations.

The less probable, but more traditional, interpretation is
that the sequence represents the early transgression of the
lake to the Stansbury level about 22 ka, followed by the
Stansbury oscillation about 20 ka, and a high lake phase from
20 to 13 ka.  This interpretation is complicated by the pres-
ence of Candona adunca in lower marls.  This species of
ostracode has previously been found only in the deepest
phases of Lake Bonneville, suggesting these lower marls
date to the 18 to 14.5 ka period.  It is not yet possible to dis-
tinguish which of two alternative hypotheses for the origin of
the tufa/travertine deposits is the more likely.  The intrepre-
tation we favor, for the moment, is that the sequence is the
result of only the last half of the last lake cycle, with the
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Table XL1

Numbers of fecal pellets from the Cathedral Cave sample column

Stratum Artiodactyla Neotoma Lagomorph Microtine Carnivore
XI 3 8 6 l l
X 5 19 4     -    -

IX 1 -                 1 - -
VIII 1 - -              -          -
VII 1 - - - -

Table XL2

Woodrat fecal pellet widths from Cathedral Cave (in mm)

Stratum XI: 4.04, 4.21, 4.52, 4.54, 4.55, 5.02, 5.04, 5.64
Stratum X: 3.64, 3.72, 3.80, 4.03, 4.09, 4.15, 4.33, 4.40, 4.45, 4.60, 4.61, 4.66, 4.78, 4.83, 5.04, 5.04, 5.24, 5.36, 5.63 
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travertines and upper marls representing a pause and minor
transgression within the overall regressive phase.  This inter-
pretation is supported by a limiting date of ~15.3 ka on
pollen from the base of the upper lacustrine clays.  It is com-
plicated, however, by limited evidence for such an event
elsewhere, together with the relatively deep-water conditions
suggested by the upper marls.

Regardless, the mere possibility of these alternatives is
illustrative of the uniqueness of the depositional setting and
of the relative importance of Cathedral Cave.  It may be that
C. adunca has not been found in Stansbury level depostits
because only central basin localities, as opposed to lake-mar-
gin environments such as at Cathedral Cave, have been
investigated previously.  Alternatively, it may be that a rever-

sal of the post-Provo lake regression was so ephemeral that
evidence of it is rarely preserved except in protected envi-
ronments such as Cathedral Cave.  It seems likely that one or
more millennial-scale climatic cycles occurred during the
regressive phase, however, and it is probable that such shore-
line data will eventually be found.
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Table XLI
Numbers of identified fish specimens per taxon by element

for Stratum II of Cathedral Cave

ELEMENT Cottus sp. Cottus bairdi Cottus extensus/echinatus Total
Vomer 6 - - 6
Frontal 1 - - 1
Prootic 5 - - 5
Basioccipital 10 - - 10
Exooccipital 13 - - 13
Parasphenoid 7 - -   7
Articular-angular 14 - - 14
Dentary 13 - - 13
Maxilla 16 - - 16
Otolith 2 - - 2
Palatine 8 - - 8
Premaxillary 16 - - 16
Quadrate 13 - - 13
Epihyal 16 - - 16
Ceratohyal 19 - - 19
Ventral hypohyal 3 - - 3
Hyomandibular 9 - - 9
Opercle 9 - - 9
Preopercle 6 3 5 14
Subopercle 6 - - 6
Cleithrum 4 - - 4
Vertebra 335 - - 335
Ultimate vertebra 8 - - 8
Total 539 3 5 547





INTRODUCTION

A major goal of the investigations reported in this chap-
ter and the next is to develop a detailed vegetation history of
the northern Bonneville basin, using evidence derived pri-
marily from packrat middens.  At first this research was
directed specifically toward establishing a natural context for
interpreting archaeobotanical materials found in Danger
Cave and Floating Island Shelter, in the Silver Island Moun-
tains (Madsen and Rhode, 1990; Rhode and Madsen, 1998).
As research proceeded, and the library of middens built up,
the scope of the research naturally grew to encompass a
broader spatial coverage and longer temporal span.  In par-
ticular, a wealth of packrat middens that date between 11 and
14 ka gives us a new biological archive that can be compared
with the geomorphic record of the decline of Pleistocene
Lake Bonneville (Rhode and Madsen, 1995) and with exist-
ing pollen and packrat midden evidence from within the
Bonneville basin and beyond (Bright, 1966; Mehringer,
1977, 1985; Madsen and Currey, 1979; Wells, 1983; Thomp-
son, 1984, 1990; Davis and others, 1986; Beiswenger, 1991).
More recently, a set of middens was found at one locality in
the Goshute Mountains,  near the western margin of the Bon-
neville basin, that extends the paleovegetation record from
14 ka back beyond the limits of radiocarbon dating (~50 ka).
Additionally, the small array of plant remains recovered from
Homestead Cave (chapter five) provides some local paleo-
vegetational context for interpreting the rich diachronic pat-
terns revealed by the abundant faunal remains (see chapters
seven, eight, and nine).  

As a consequence, a major part of the research has now
shifted towards exploring the vegetation history of the Bon-
neville basin during the last glacial period, with a focus on
vegetation changes during the interval of deglaciation and
decline of Lake Bonneville 14 to 10 ka.  The vegetation his-
tory of the Wisconsin glacial period, from about 50 to 10 ka,
is the subject of this chapter.  As of this writing over 40 sam-
ples from 9 localities in the northern Bonneville basin have
been dated to the Wisconsin (figure 104).  Together with
paleoecological records known from previous research else-
where in the region, these provide a relatively detailed pic-
ture of changing vegetation in relation to climate variation
and lacustrine history in the Bonneville basin.  Chapter
twelve outlines the vegetation history of the Bonneville basin
during the subsequent Holocene.

SAMPLE LOCATIONS AND METHODS

The middens forming the basis of this report were found
in caves, overhangs and crevices, principally in limestone
bedrock outcrops, where they were protected from moisture

and thus preserved for thousands of years.  Midden preser-
vation depends on long-term protection from moisture; rock
outcrops with abundant fractures, or with exfoliating sur-
faces, tend not to contain very old middens.  During the ex-
tensive searches made in the course of this research, it was
noted that the abundant caves and shelters found in rock out-
crops at the margins of the Bonneville basin often contained
older middens, while the abundant caves and shelters in the
basin’s center lack them.  Isostatic rebound following the
decline of Lake Bonneville may have introduced extensive
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Figure 104. Mid- to late Wisconsin paleoenvironmental localities in
and around the Bonneville basin.  Triangles mark midden localities
described in this chapter, while circles represent locations of other
paleoenvironmental records discussed. DG = Devils Gate, TT = Top
of the Terrace, TB = Triple Barrel, PS = Pristine Shelter, LO = Leppy
Overhang, BE = Bonneville Estates, MM = Marblehead Mine, RC =
Raven Cave, TP = Twin Peaks.  •1 = Grays Lake, 2 = Swan Lake, 3
=  Great Salt Lake,  4 = Homestead Cave, 5 = Ruby Marsh, 6 = Gran-
ite Creek Canyon, 7 = Council Hall Cave and northern Snake Range
midden localities, 8 = Southern Snake Range midden localities,  9 =
Confusion Range midden localities,  10 = Wah Wah Mountains midden
localities.  Approximate scale 1″ = 140 km.



fractures in the rock outcrops near the center of the Bon-
neville basin, and outcrops near the margins may be less frac-
tured, which could account for the distribution of more
ancient middens.  As a result, the midden record is biased
toward locations on the western margin of the Great Salt
Lake Desert, with relatively little coverage in the mountains
of the central Bonneville basin.  Nor have older middens
been found in the mountains of the eastern Bonneville basin,
perhaps because these are better watered and subject to
greater destruction through time.

When a midden was found, its location was photo-
graphed and mapped on a 7.5 ′ topographic sheet and a de-
scription was made of the plants growing within 30 m of its
location (the presumed foraging radius of packrats; compare
with Finley, 1990).  A chunk of the midden was then trans-
ported to the lab for analysis.  Midden samples often contain
several discrete strata, representing different episodes of
deposition, and frequently very different time periods and
plant assemblages (figure 105).  Samples of discrete midden
strata were isolated using hammer and chisel; then the sam-
ple was disaggregated in distilled water, trapped on 0.5 mm
mesh geological screens, and air dried.  Identifiable plant
materials were sorted and then quantified using an ordinal
scale developed by Van Devender (1973) and refined by
Thompson (1984): (1) = rare (1 to 2 pieces), (2) = present (3
to 20 pieces), (3) = common (21 to 100 pieces), (4) = abun-
dant (101 to 500 pieces), and (5) = dominant (over 500 pieces).
Midden samples were dated primarily with the AMS radio-
carbon method run on individual plant species or dung.  All
radiocarbon age estimates are corrected for 13C/12C fraction-
ation but are not calibrated to calendar years.  Identifications
of taxa were made utilizing reference specimens collected in
the field or present in the herbarium at the University of
Nevada, Reno, and are identified according to nomenclature
followed in A Utah Flora (Welsh and others, 1987).  Modern
vegetation and relevant topographic data are provided in
table XLII. 

The results of analysis of the midden samples collected
in the region are discussed below in chronological fashion.
The focus of discussion for each period is, first, the middens

investigated as part of this research, and second, paleovegeta-
tion records from other sources in and near the Bonneville
basin, to develop an integrated picture of vegetation patterns
in the region as a whole.  Comparisons with regional lake and
climate history will be considered in chapter thirteen.

MIDDLE WISCONSIN (ISOTOPE STAGE 3)
INTERSTADIAL PERIOD, 50,000 - 28,000 YR B.P. 

Midden Results 

Only one packrat midden locality contains samples with
age estimates older than 14 ka.  This locality, a rockshelter
called Top of the Terrace, is situated at an altitude of 2012 m
on a west-trending ridge in the Goshute Mountains, west of
the Bonneville basin.  The shelter contains a large, well-dated
sequence of midden samples ranging from 14,000 to over
50,000 yr B.P. in age.  Analysis of these middens is not yet
complete, but the preliminary results provide a valuable pic-
ture of changing vegetation patterns in the poorly known
interval from the middle Wisconsin interstadial through the
height of the late Wisconsin full glacial period (figure 106).

The oldest samples from Top of the Terrace scale beyond
the limits of radiocarbon dating, so their ages are unknown
and difficult to determine.  These samples contain abundant
remains of Utah juniper (Juniperus osteosperma), accompa-
nied by sagebrush (Artemisia sect. tridentatae), horsebrush
(Tetradymia sp.), snowberry (Symphoricarpos sp.) and cac-
tus (Opuntia sp.).  Utah juniper is common in the area today
as well, but it disappeared from the area by about 46 ka, and
did not reappear in the area until the middle Holocene, some
40,000 years later.  These midden samples also contain pel-
lets from pikas (Ochotona princeps), a cold-adapted lago-
morph that has not been recorded as living in the Goshute
Mountains today, and marmot, which is also not recorded as
occurring in the Goshutes and usually lives in subalpine
habitats higher than the site (the marmot bones, but not the
pika pellets, could have been brought into the site from some

distance away by raptors).  The combination of
remains from the relatively thermophilic Utah
juniper mixed with remains from these sub-
alpine mammals may reflect the kind of “non-
analogue” or “intermingled” species pairs doc-
umented elsewhere in packrat middens (see
Van Devender, 1990, p. 159; Spaulding, 1981)
and faunal assemblages (Graham, 1985).
Alternatively, the samples may reflect mixture
of temporally distinctive remains, but this is
increasingly unlikely in multiple separate sam-
ples and difficult to determine since the re-
mains are older than the reach of radiocarbon
dating.

By 46 ka, Utah juniper woodland was re-
placed by montane meadow vegetation, includ-
ing shrubs such as sagebrush, currant (Ribes cf.
montigenum) and shrubby cinquefoil (Potentil-
la fruticosa), which suggests that cool, rela-
tively moist conditions prevailed in the region.
Montane shrub communities found today in
the upper elevations of higher mountains such

as the Jarbidge Range or the Ruby Mountains
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Figure 105. Large packrat midden (TOT #2) from Top of the Terrace, Goshute Moun-
tains.  Note the stratification exposed within the midden.
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may be analogous to the vegetation represented in the mid-
den samples with age estimates of ~46 ka.  By about 45 ka,
limber pine (Pinus flexilis) appeared in the area, and it
became a dominant conifer through ~28 ka.  This subalpine
conifer tends to grow in cold, dry, harsh conditions.  Fern
bush (Chamaebatiaria millefolium), a montane woodland
shrub of drier habitats, first appeared in large quantities by 36
ka, tracking the abundance of limber pine.  Shadscale
(Atriplex confertifolia) also occurs in small but consistent
quantities during the peak of limber pine abundance.  Shad-
scale grows abundantly today at lower valley elevations as a

xeric desert dominant, but this C4 shrub apparently tolerated
the dry, cold conditions under low atmospheric CO2 that
characterized the Middle Wisconsin, and it expanded its
range at the expense of C3 plants (Ehleringer and others,
1997).  Mesophilic shrubs declined significantly in represen-
tation during this time: cinquefoil and currant disappeared
from the record after 40 ka.  The dominance of limber pine
and abundance of relatively dry montane shrubs at the
expense of mesophiles suggests cold but dry conditions in
montane settings in the northwestern Bonneville basin from
30 to 40 ka.

Table XLII
Elevation, topographic position, and modern vegetation of midden localities described in chapter eleven

Midden Code Elev. (m) Aspect Modern Vegetation
Bonneville   BE         1590 SE BE 1: Grayia spinosa, Halogeton glomeratus, Stipa hymenoides,
Estates Ceratoides lanata, Elymus elymoides, Kochia americana, Brickellia 

sp., Phlox sp., Tetradymia nuttallii, Atriplex canescens, Bromus tectorum, 
Ephedra nevadensis, Artemisia nova, Hilaria jamesii, Gutierrezia 
sarothrae, Haplopappus watsonii

1530 NE BE 2:  Grayia spinosa, Bromus tectorum, Stipa hymenoides, Phlox sp., 
Haplopappus watsonii, Ceratoides lanata, Artemisia nova, Atriplex 
confertifolia, Ephedra nevadensis (rare), Tetradymia spinescens

1530 NE BE 3:  Grayia spinosa, Sarcobatus vermiculatus, Bromus tectorum, 
Halogeton glomeratus

1525 NE BE 4:  Tetradymia spinosa, Grayia spinosa, Sarcobatus vermiculatus, 
Phlox sp., Haplopappus watsonii, Poaceae

Top of the    TT 2012 S Ephedra viridis, Bromus tectorum, Purshia mexicana var.
Terrace stansburiana, Artemisia tridentata, Juniperus osteosperma, Haplopappus  

watsonii, Elymus cinereus, Phlox sp., Brickellia sp.
Twin Peaks     TP 1585 NE Artemisia tridentata, Bromus tectorum, Grayia spinosa, 

Chrysothamnus viscidiflorus, Tetradymia spinescens, Tetradymia nut-
tallii, Purshia mexicana var. stansburiana, Stipa hymenoides, 
Haplopappus watsonii, Pinus monophylla (rare), Artemisia nova, 
Ephedra nevadensis, Atriplex canescens, Opuntia cf. polyacantha, 
Petrophytum caespitosum, other Poaceae

Triple Barrel   TB          1585 S Bromus sp., Ephedra nevadensis, Atriplex confertifolia, Sphaeralcea sp.,
Brassicaceae, Atriplex canescens, Brickellia sp., Elymus spicatus, 
Artemisia ludoviciana, Stephanomeria sp., Halogeton glomeratus, 
Oenothera sp., Tetradymia sp., Phlox sp., Mentzelia laevicaulis, Purshia 
mexicana var. stansburiana, Boraginaceae, Haplopappus sp. 

Raven Cave    RC  1510 SE Atriplex canescens, Atriplex confertifolia, Phacelia sp., Salsola iberica,
Grayia spinosa, Tetradymia spinescens, Gutierrezia sarothrae, 
Ephedra nevadensis, Bromus tectorum, other Poaceae, Halogeton 
glomeratus, Brickellia sp., Hilaria jamesii, Phlox sp., Chrysothamnus 
nauseosus

Pristine            PS          1585 N Grayia spinosa, Elymus cinereus, Bromus tectorum, Ceratoides lanata,
Shelter Phlox sp., Atriplex canescens, Atriplex confertifolia, Ephedra nevadensis, 

Stipa hymenoides, Tetradymia spinescens, Halogeton glomeratus, Artemisia 
nova, Lomatium sp., other Poaceae

Marblehead     MM 1    1825 S Juniperus osteosperma, Purshia mexicana var. stansburiana, Bromus
Mine #1 tectorum, Marrubium vulgare, Elymus cinereus, Sphaeralcea cf. coccinea,  

Leptodactylon sp., Grindelia squarrosa, Calochortus nuttallii, Petrophytum
caespitosum, Sisymbrium altissimum, Cirsium sp., Stipa hymenoides, Opuntia 
polyacantha, Argemone munita, Artemisia tridentata

Devils Gate    DG 1   1800 N Juniperus osteosperma, Cercocarpus intricatus, Elymus cinereus, Petro-     
phytum caespitosum, Phlox sp., Artemisia tridentata, Opuntia cf. polyacantha,
Forsellesia nevadensis, other Poaceae

Leppy LO       1475 S Atriplex confertifolia, Atriplex canescens, Artemisia tridentata, Purshia
Overhang mexicana var. stansburiana, Tetradymia sp., Halogeton glomeratus, Ephedra 

nevadensis, Sarcobatus vermiculatus, Bromus tectorum  



Other Records

A small number of other paleovegetation and paleolake
records in the Bonneville basin and vicinity help to confirm
this reconstruction of middle Wisconsin-age vegetation.
Packrat middens with age estimates between 40 to 28 ka
from the Snake Range and southern Bonneville basin indi-
cate that montane settings supported coniferous woodlands
dominated by bristlecone pine (Pinus longaeva), with asso-
ciates including sagebrush, rabbitbrush, snowberry, Utah
juniper and mesophilic shrubs (Thompson, 1984; Wells,
1983).  Pollen dating from the same period in Council Hall
Cave (Thompson, 1984) reflects montane vegetation domi-
nated by pine and steppe shrubs including sagebrush, with
conifers such as juniper, spruce and fir represented in very
small quantities.  The presence of pollen of xerophytic shrubs
such as chenopods and greasewood may indicate that these
taxa dominated valley floors at the time (Thompson, 1984).
Pollen from the topmost levels of long sediment cores taken
from near Wendover and Knolls contain relatively high val-
ues of pine pollen prior to ~30 ka (Martin and Mehringer,
1965).

On the Snake River Plain, north of the Bonneville basin,
sagebrush steppe was the dominant plant community during
this period (Bright and Davis, 1982; Mehringer, 1985; Davis
and others, 1986; Beiswenger, 1991).  Conifers were appar-
ently limited to foothills and rocky terrain.  The pollen
sequence from Ruby Marsh, located in Ruby Valley, ~100
km west of the Bonneville basin, indicates the presence of a
shallow, saline marsh/playa, surrounded by sagebrush steppe
(Thompson, 1984, 1992a) from 40 to 28 ka.  Pine pollen is
common, reaching its highest proportions in the 40,000-year
record, but it is not very abundant, indicating that pines
[probably limber pine, bristlecone pine and/or whitebark
pine (Pinus albicaulis)] were “probably present regionally,
though not at the edge of the lake, and perhaps not in the
southern Ruby Mountains” (Thompson, 1992a, p. 11).  The
very small amount of juniper pollen present shows that these
conifers were apparently absent or very rare by 40 ka. 

Together, these records point to cold but dry conditions
before ~28 ka in the eastern Great Basin generally.  The cli-
matic reconstructions based on vegetation data are consistent
with low lake levels in the Bonneville basin before 28 ka
(Scott and others, 1983; Oviatt and others, 1992). 

LATE WISCONSIN (ISOTOPE STAGE 2)
GLACIAL PERIOD, 28,000-14,000 YR B.P.

Midden Results

Once again, Top of the Terrace provides the only source
of packrat middens from the northern Bonneville basin dat-
ing to this period (figure 106).  Engelmann spruce (Picea
engelmannii) appeared in midden samples dating as early as
35 ka, and it increased in abundance during the next few
thousand years.  Limber pine declined to relatively low lev-
els.  Upper montane meadow plants such as currant and
cinquefoil reappeared.  Fern bush and shadscale were elimi-
nated while sagebrush maintained fairly consistent represen-
tation throughout.  The increased abundance of spruce and
mesophilic montane shrubs suggest increasingly moist and
cool conditions by ~22 ka. 

Much colder conditions are indicated in a midden sam-
ple with an age estimate of ~17,000 yr B.P., shortly after the
late Wisconsin glacial period had reached its maximum.  This
sample indicates that local vegetation was alpine to subalpine
in character, dominated by sagebrush, some grass and sparse
cinquefoil, with rare occurrences of limber pine and spruce.
This sample also contains several wetland plants, including
bulrush (Scirpus sp.) and pondweed (Potamogeton sp.), as
well as fish bones.  It is highly unlikely that pondweed grew
within the foraging radius of packrats living on the ridge con-
taining Top of the Terrace Shelter.  More likely is the possi-
bility that the seeds of aquatic plants were ingested by fish or
waterfowl, then deposited into the cave by fish- or bird-
eating predators in their regurgitations, which were sub-
sequently collected by packrats to be included in the mid-
dens.  Nevertheless, the seeds imply a nearby permanent
body of water, possibly Lake Waring in the valley below but
possibly also Lake Bonneville. 

The record from Top of the Terrace dating between 17 to
14 ka suggests that spruce increased somewhat in abundance,
while limber pine was present but uncommon. Montane
mesophilic shrubs such as currant and cinquefoil increased in
abundance, suggesting that climatic conditions were moister
and somewhat warmer than during the full glacial.

Other Records

Augmenting the Top of the Terrace midden record are
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4= abundant.



several other paleovegetation and paleolake records from the
eastern Great Basin dating to the last glacial interval (figure
104).  Foremost among these is the record from Lake Bon-
neville, which had begun to rise rapidly after 28 ka (Oviatt
and others, 1992; see chapter two).  By 26 ka the lake was
roughly 100 m deep, and it continued to rise for the next
10,000 years, with several significant fluctuations, including
the major Stansbury oscillation dating from 22 to 20 ka (Ovi-
att, 1997; Oviatt and others, 1990; Oviatt and others, 1992).
At its highstand, about 16 ka, Lake Bonneville was 370 m
deep, covered an area of about 51,750 km2, and flowed
northward into the Snake River drainage over a sill near
Zenda, Idaho. 

Pollen records from the Bonneville basin dating older
than ~24 ka show relatively low to moderate values of pine
and spruce and relatively large values of sagebrush and
shrubs of the Chenopodiaceae family, presumably shadscale,
saltbush (Atriplex canescens) and greasewood (Sarcobatus
vermiculatus).  These pollen profiles reflect widespread
sagebrush-shadscale associations in valley bottoms, with
pine and some spruce in montane settings (Mehringer, 1977,
1985; Spencer and others, 1984; Thompson and others,
1990).  A transition to a deep, freshwater Lake Bonneville is
indicated at ~24 ka (Mehringer, 1985) by large increases in
pine pollen, the appearance of spruce, and the decline of
chenopods.  The dating of the transition to deep-water condi-
tions contrasts somewhat with the geomorphic record of
Lake Bonneville’s rise.  Oviatt and others (1992) indicate
that the lake began to increase significantly in size as early as
28 ka and that it was approximately 100 m deep by 26 ka.
The difference may be related to dating uncertainties and/or
large-lake effects on pollen rain representation: pines may
not have increased in overall abundance on the landscape,
but their pollen may have been concentrated and over-repre-
sented in lake sediments after ~24 ka.  The chenopod shrubs,
on the other hand, probably lost substantial habitat as rising
levels of Lake Bonneville flooded valley bottoms and mar-
gins. 

In the southern Bonneville basin, the extremely sparse
midden record dating from 28 to 20 ka shows continued
dominance of bristlecone pine, without other conifers such as
spruce or Utah juniper, but with a diverse shrub cover includ-
ing abundant mountain mahogany as well as sagebrush, rab-
bitbrush (Chrysothamnus spp.), green mormon tea (Ephedra
viridis), currant, snowberry and greasebush (Forsellesia
nevadensis) (Thompson, 1984).  After 20 ka, bristlecone pine
continued to dominate, but it shared the woodlands with
other conifers including spruce, prostrate juniper (Juniperus
communis), Rocky Mountain juniper (Juniperus scopulo-
rum) and (rarely) limber pine; a similar roster of shrubs
occurred as before, along with the uncommon addition of
shadscale (Wells, 1983; Thompson, 1984).  Pollen from
Council Hall Cave contains large proportions of pine pollen
with small quantities of spruce and variable abundance of
juniper-type, and relatively stable amounts of sagebrush
pollen during this general interval, though the dating is rela-
tively coarse (Thompson, 1984). 

Sagebrush steppe appears to be consistently represented
as the dominant vegetation formation through the full glacial
on the Snake River Plain, north of the Bonneville basin.  The
Grays Lake record (Beiswenger, 1991) shows that conifer
pollen (mainly pine and spruce) increased in abundance after

26 ka, suggesting that woodlands grew at relatively low ele-
vations in the mountains and foothills, as well as on isolated
rocky terrain in valley bottoms.  Beiswenger (1991) suggests
that the increase of conifers, continued abundance of sage-
brush, and negligible increase in grass pollen at Grays Lake
supports an interpretation of greater winter and spring pre-
cipitation, with no increase in summer precipitation, in an
environment with average temperatures 7-10°C colder than
today. 

In Ruby Valley, 100 km west of the Bonneville basin, the
lacustrine record from Ruby Marsh shows an increase in lake
level after 23 ka (Thompson, 1992a).  The large, freshwater
Lake Franklin deepened to ~ 30 m ~18 to 15 ka, drowning
what had been marshland.  Pollen from these sediments show
relatively little change in sagebrush steppe composition or
abundance in the region, however.

In sum, the late Wisconsin vegetation record of the Bon-
neville basin documents the existence of a cold-adapted
sagebrush steppe with scattered stands of spruce and pine in
the northern basin and surrounding areas, and a more diver-
sified woodland-steppe mosaic in the southern Bonneville
basin, dominated by bristlecone pine.  This vegetation recon-
struction suggests that full glacial conditions in the northern
basin were very cold and also quite dry, while conditions in
the southern basin were also cold but moister.  This north-to-
south vegetation gradient represented in the late-glacial pale-
obotanical record was noted by Thompson and Mead (1982;
compare to Thompson, 1990; Rhode and Madsen, 1995) and
may reflect a stronger latitudinal gradient of temperature and
precipitation associated with a postulated southward shift in
the position of the jet stream during the full glacial (Antevs,
1948; Benson and Thompson, 1987; COHMAP, 1988; Kutz-
bach and others, 1993; Thompson and others, 1993). 

The increased abundance of spruce over limber pine is
consistent with the rise of Lake Bonneville.  Both conifers
prefer cold climates, but limber pine prefers cold and very
dry environments, while spruce is better adapted to moister
conditions.  Limber pine was most abundant before 28 ka,
when Lake Bonneville had not yet undergone its rise; as
Lake Bonneville expanded, limber pine dropped out and was
replaced by spruce.  The correspondence between woodland
composition and glacial lake history during the time before
14 ka is strikingly close.

TERMINAL WISCONSIN DEGLACIATION,
14,000-10,000 YR B.P.

Midden Results

In contrast to the single midden locality known in the
northern Bonneville basin with and age estimate older than
14 ka, midden samples with age estimates between 14 to 10
ka are quite common (table XLIII).  Some 18 separate sam-
ples from 9 localities have been dated to this period, and
other samples from these sites undoubtedly fall in this time
interval but have not yet been dated.  These samples reflect
substantial vegetation change during the terminal Wisconsin
deglaciation, trending toward the warmer and drier inter-
glacial climate of the Holocene.  The period is also notable in
that it marks the earliest documented occupation of human

141Late Quaternary paleoecology in the Bonneville basin
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inhabitants in the region.  Much of the packrat midden infor-
mation from this interval has been previously reported in
Rhode and Madsen (1995), though several new middens dat-
ing to this interval are now known, and the age of one mid-
den reported in that paper has been revised through redating.

Beginning about 14 ka, as Lake Bonneville started to
decline from the Provo level (Oviatt and others, 1992), the
western margin of Lake Bonneville supported a montane
shrub vegetation dominated by sagebrush, snowberry and
currant (table XLIII).  Prostrate juniper and shrubby cinque-
foil were also common in some locations.  Herbaceous
plants, including thistle (Cirsium spp.) and wild rye (Elymus
cf. cinereus), were also common.  This montane shrub vege-
tation was similar in many respects to that now found in sub-
alpine settings in the Great Basin, but it also occasionally
contained some taxa, including rabbitbrush and horsebrush,
that are now more commonly found in the xeric desert scrub
vegetation of lower elevations. 

With the exception of prostrate juniper, conifers were
absent or a minor component of this vegetation, particularly
in lowlands.  In montane settings, such as at Top of the Ter-
race, mesophilic shrub vegetation dominated at this altitude
much as it did at lower elevations nearer the margins of Lake
Bonneville, though Engelmann spruce and probably limber
pine were present in small numbers.  This midden record in-
dicates that montane shrub vegetation covered altitudes up to
at least 2000 m in the interior ranges of the northeastern
Great Basin from 14 to 13 ka.  The Top of the Terrace mid-
den also contains numerous pika pellets, in a range that pikas
do not now inhabit (Hall, 1946; Grayson, 1993, Lawlor,
1998).

Beginning about 13 ka, limber pine began to spread
widely into lower elevations of the northern Bonneville
basin, growing in both the hills and plains adjacent to the
lake basin and to at least the lower reaches (above ~1800 m
asl) of neighboring mountains.  The transition from
mesophilic montane shrub community to limber pine wood-
land at ~13 ka indicates a significant drying trend within a
still-cool temperature regime.  Needles, seeds, and cone parts
of limber pine are very common in middens with age esti-
mates of 12,900-11,500 yr B.P. and persist as late as 10,700
yr B.P.  Below ~1800 m elevation, limber pine is the only
arboreal conifer represented, often occurring in small quanti-
ties in middens dominated by sagebrush, snowberry, pros-
trate juniper, silver buffaloberry (Shepherdia argentea) and
other shrubs.  Several shrubby taxa that dominated the earli-
er montane steppe vegetation were common understory
plants at this time, particularly prostrate juniper, sagebrush
and snowberry.  Other shrubs that had been common before
13 ka, particularly the mesophilic currant and cinquefoil,
became rare or disappeared.  In montane settings, above
about ~1800 m elevation, limber pine dominated in wood-
lands that also included other conifers: Engelmann spruce
and Rocky Mountain juniper in the Toano Range west of the
Bonneville basin (MM #1), subalpine fir (Abies lasiocarpa)
in the Stansbury/Onaqui Mountains (DG #1) on the east side
(table XLIII).

Fish remains are found in several middens (RC 1a, TB 1,
TB 2, and LO 3), probably incorporated in the middens by
woodrats collecting remains left by fish-eating predators or
scavengers.  Taxa represented include whitefish, sucker and
a large salmonid, that indicate the existence of a lake large

enough to support fish whose preferred habitat is cold, olig-
otrophic, deep-water lake environments.  One midden (RC
1a) also contains fecal pellets of pika, a lagomorph that now
occurs only in subalpine and alpine environments in the
region.  The presence of pika pellets in the Raven Cave mid-
den documents the existence of pikas associated with limber
pine at low elevations in the Pilot Range.  This midden is
located near the top of a small, somewhat isolated hogback
ridge, precluding the possibility that the pellets were trans-
ported from significantly higher elevations (Hafner, 1993).
Using Hafner’s formula for estimating the local minimum
elevation of appropriate pika habitat yields a lower elevation
limit of 2316 m, which implies a displacement of at least 805
m, corresponding to a minimum lowered temperature (by the
adiabatic lapse rate) of ~4.8°C.  Whether pikas could in fact
survive at this “local minimum elevation” today is unknown,
as pikas no longer live in the Pilot Range; but pikas have
been trapped as low as 2134 m in the Ruby Mountains, the
nearest locality where they exist today (Hall, 1946). 

Xerophytic shrubs were scarce in the regional vegeta-
tion before about 11.5 ka, but they began to dominate in the
lowlands after that time.  Shadscale, a widespread and dom-
inant desert shrub in the region today, occurs rarely in mid-
dens dated older than 11 ka.  Shadscale is present but uncom-
mon in a midden dominated by limber pine in the southern
Pilot Range (RC 1a), with an age estimate of 12,550 ± 50 yr
B.P. (Beta 76180).  A stratigraphically separate sample from
the same midden (RC 1c) contained abundant limber pine but
no shadscale; the limber pine in this sample was dated by the
AMS method to 12,910 ± 50 yr B.P. (Beta 77184).  Howev-
er, other middens dating older than ~11 ka lack shadscale
altogether, indicating that it was rare in the region prior to
this time.

To estimate the climatic conditions of the period during
which limber pine grew at low elevations in the Bonneville
basin, those conditions under which limber pine grows today
were analyzed.  In the Great Basin today, limber pine usual-
ly dominates in settings marked by relatively cool tempera-
tures and severe water stress: ridges and slopes with thin,
rocky soils, persistent winds, and limited snow cover during
winter (Ellison, 1954).  Specific climatic tolerances of limber
pine may be fairly broad, however (Billings, 1990), and the
present distribution of limber pine may be restricted more by
competition with other taxa than by climatic constraints
(Thompson, 1984, p. 131).  The climatic tolerances of limber
pine were obtained using climatic records from weather sta-
tions in and around the present distribution of limber pine, as
mapped by Little (1971).  Climatic parameters chosen to rep-
resent conditions at these stations include temperature (Janu-
ary, July, and annual), precipitation (January, July, and annu-
al), and heating and cooling degree days.  Resulting climate-
space representations are shown in figure 107.  For compar-
ison, the Wendover weather station is shown as a large solid
triangle, and open triangles are other weather stations repre-
sentative of the Bonneville basin (Dugway, Callao, Grouse
Creek, Tooele, Ibapah, Vernon, Fish Springs).

The climate-space diagrams indicate that conditions that
favor growth of limber pine are significantly cooler and more
mesic than occur around Wendover today, with growing-sea-
son climate differing much more than winter climate (figures
107, 108).  Modern January temperature and precipitation at
Wendover is on the warm and dry end of modern limber pine
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Figure 107. Climatic
parameters of weather
stations within distri-
bution of limber pine,
as mapped by Little
(1971).  Closed circles
represent weather sta-
tions located within the
mapped distribution of
limber pine, open cir-
cles represent weather
stations located at the
margins of the mapped
distribution of limber
pine, and triangles re-
present weather sta-
tions in the Bonneville
basin; the largest tri-
angle is Wendover: (A)
Annual temperature and
precipitation; (B) Jan-
uary temperature and
precipitation; (C) July
temperature and pre-
cipitation; (D) Total
heating degree-days and
cooling degree-days.

Figure 108. Limber pine needles in Triple
Barrel Cave #2, collected from a location
immediately overlooking Wendover, Nevada.



climate-space, but it does not fall significantly outside that
climate-space.  On the other hand, modern July temperature
and precipitation at Wendover is significantly warmer and
drier than is experienced within the modern limber pine dis-
tribution.  Growing-season moisture stress appears to be a
major limiting factor for limber pine growth, primarily driv-
en by high summer temperatures; precipitation appears to be
somewhat less limiting than temperature, at least relative to
modern climate at Wendover.  These data suggest that the cli-
mate 13 to 11 ka that supported limber pine in the Bonneville
basin was substantially cooler in the summer than it is today,
with precipitation slightly greater than modern levels.  It is
unlikely that precipitation was very much greater, however,
because mesophilic plants (such as currant and cinquefoil)
were rare or absent from the midden record once limber pine
appeared, and because more mesophilic conifers that can
readily outcompete it in moister climates are absent from the
lowland record.

The climate-space model developed here is useful for
showing the climatic boundary conditions that permitted
limber pine to grow at low elevations at 13 to 11 ka, but
because those boundary conditions are rather broad, the
model is less useful for estimating actual conditions under
which limber pine grew in the Bonneville basin.  We do not
know where actual climatic parameters were positioned
within the climate-space “envelope.”  Assuming that summer
temperature was the principal parameter separating the cli-
mate of today from the climate that prevailed 13 to 11 ka, and
assuming that summer temperature is the main constraint on
lower treeline elevation of limber pine in the mountains sur-
rounding the Bonneville basin today, the magnitude of late
Pleistocene summer temperature depression may be better
estimated.  Today, limber pine grows on similar south-facing
slope settings above 2600 m in the Pilot Range, 1100-1200 m
above its known level 13 to 11 ka.  If the dry air thermal lapse
rate applies (0.6°C/100 m), this difference in elevation
implies that terminal Wisconsin temperatures (at least sum-
mer temperatures) were depressed by at least 6.6°C in the
vicinity of Wendover. 

Factors such as competition with singleleaf pinyon may
restrict limber pine to high elevations in the western Bon-
neville basin, complicating or confounding paleoclimatic
inferences drawn from modern limber pine treelines.  Addi-
tionally, part of the ecological amplitude of late-glacial lim-
ber pine populations may have been lost as those populations
became extirpated or severely restricted in distribution dur-
ing the Holocene (Thompson, 1990).  Furthermore, Van de
Water and others (1994) have shown that limber pine popu-
lations throughout the intermountain west showed increased
water-use efficiency during the deglacial interval, possibly in
response to increasing CO2 in the atmosphere.  As a result,
limber pine is likely to have altered its sensitivity to climatic
parameters during this time period, and this fact alone may
account for the rapid spread of limber pine into the lowlands
of the northern Bonneville basin during this interval.  Despite
these potential difficulties, an estimate of terminal Wisconsin
summer-temperature depression of ~6-7°C is similar in mag-
nitude to that suggested by Thompson (1990) for the east-
central Great Basin, and by Betancourt (1990) for the Col-
orado Plateau.  Evidence for significantly cooler summers
during the latter part of the period between 13 and 11 ka is
also provided by the faunal remains in Stratum I at Home-

stead Cave, which include several small montane mammal
taxa not found in the vicinity of the cave today (see chapter
seven). 

The cooler climatic conditions indicated here are signif-
icantly cooler than was suggested by Siegal’s (1983) inter-
pretation of isotopic evidence, although some of these data
do suggest “a return to cooler temperatures and more domi-
nant winter precipitation” between 14 and 11 ka (Thompson
and others, 1993, p. 485).  This reconstruction also differs in
magnitude, though not in direction, from surface temperature
estimates produced by the COHMAP model, which predicts
summer temperatures only slightly lower than present at 12
ka (Kutzbach and others, 1993; Thompson and others, 1993).
Climatic conditions in the Bonneville basin may have been
mediated locally by the persistence of a relatively large lake,
localized conditions that are not considered at the general-
ized scale of the COHMAP reconstruction.

By 11 ka, desert scrub vegetation dominated by shad-
scale and sagebrush apparently replaced limber pine wood-
lands in the lowlands west of the Bonneville basin.  A mid-
den from Bonneville Estates (BE 3a), with an age estimate of
11,020 ± 60 yr B.P. (Beta 76178), is dominated by xeric
desert shrubs, such as sagebrush, shadscale, horsebrush,
snakeweed and rabbitbrush.  Limber pine and prostrate
juniper are rare to uncommon elements in the midden.  In
some lowland settings, limber pine woodlands without xero-
phytic desert shrubs may have persisted at least as late as
10,700 yr B.P., according to a conventional radiocarbon age
estimate from the Leppy Overhang midden (LO 3), located
just above the Provo level strandline at 1475 m elevation
north of Wendover.  Additional limber pine needles from this
midden returned an AMS age estimate of 11,920 ± 40 yr B.P.
(Beta 120584), suggesting that limber pine persisted in this
locality for over a thousand years.

Other Records

The midden record from the northern Bonneville basin is
supplemented by an equally abundant terminal Wisconsin
paleovegetation record from the southern Bonneville basin,
as well as several pollen sequences.  In the mountains of the
southern Bonneville basin, bristlecone pine remained a com-
mon woodland conifer from ~14 ka until shortly before 10
ka. (Thompson, 1984; Wells, 1983).  Spruce diminished in
abundance after 14 ka, as did several montane shrubs at par-
ticular localities, in response to increasing temperatures and
decreasing precipitation.  Xerophytes or thermophilous
shrubs took their place.  Limber pine increased significantly
in frequency, especially after 11 ka, probably in response to
drier conditions.  Utah juniper and Douglas fir also began to
appear by about 10 ka in the southern Bonneville basin near
the end of this period. 

Pollen data from Great Salt Lake Core C (Spencer and
others, 1984; Thompson and others, 1990) show high relative
abundance of pine and spruce until after 12.4 ka, after which
sagebrush, greasewood and Chenopodiineae rapidly
increase.  The pollen record contains a significant strati-
graphic gap between ~12.2 and 9.6 ka, limiting the utility of
this record for interpreting terminal Wisconsin vegetation
changes.  Pollen from Grays Lake (Beiswenger, 1991) docu-
ments a shift by ~12 ka from a pine-sagebrush parkland,
reflecting cold, dry glacial conditions, to a woodland/steppe
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mosaic including spruce, pine and sagebrush, that indicates
warmer (but still cool) and moister conditions.  Subsequent
postglacial warming resulted in upslope retreat of spruce and
pine and expansion of sagebrush and xerophytic chenopods
at lower elevations.  Pollen data from Swan Lake, in Idaho,
show high values of pine, spruce and fir between 12 and 11
ka; these conifer woodlands were replaced by sagebrush
steppe vegetation sometime between 11 and 10 ka (Bright,
1966).  The terminal Wisconsin record from Ruby Marsh is
limited by a stratigraphic unconformity dating between 15.4
and 10.7 ka, that may represent a turbidite flow in deep
water, or alternatively may indicate a period of desiccation of
the lake (Thompson, 1992a).  Sediments with age estimates
between 10.7 and 10.4 ka indicate a moderately large, fresh-
water lake in the basin, coeval with the Gilbert Lake phase in
the Bonneville basin.  There is relatively little change in ter-
restrial pollen abundance from the preceding 20,000 years of
the late Wisconsin record, indicating the continued domina-
tion of cold sagebrush steppe in Ruby Valley. 

Altogether, these records indicate significant warming
~14 to 12 ka throughout the Bonneville basin, supporting
montane meadows and woodlands in the north and more
thermophilic woodland plants in the southern part of the
Bonneville basin.  However, the warming that occurred
between 14  and 12 ka was not so great as to prevent what are
now subalpine conifers from colonizing large areas at low

elevations along the Bonneville highstand shoreline.  As the
record shows, limber pine woodlands expanded significantly
to the margins of the Bonneville basin during this period, and
expanded in the mountains of the southern Bonneville basin
as well.  Growing season temperatures were probably 6°C
cooler than at present.  Most midden records in the Bon-
neville basin reflect a drying trend through this period, al-
though some paleovegetation records north of the basin (see
Beiswenger, 1991) suggest that precipitation may have in-
creased to the north. 

This warming and drying trend in the Bonneville basin
continued after 11 ka, but the paleovegetation record from
this time period is at present quite sparse.  What little data
exist suggest that a substantial reduction in pine woodlands
and an increase in sagebrush-grass and shadscale associa-
tions by 11 ka.  Unfortunately, there is presently not enough
evidence to document the kinds of vegetation changes that
occurred during the Gilbert lake cycle as dated by Oviatt and
others (1992), or whether vegetation changes reflect en-
hanced moisture conditions (Currey, 1990; Oviatt, 1988b).
Additional research and appropriately aged paleovegetation
records are needed to address this issue, important not only
for local paleoenvironmental history but also for testing gen-
eral climate models, establishing global climate/vegetation
correlations, and developing an environmental context for
the first known human habitation of the Bonneville basin.





INTRODUCTION

The transition from the last glacial period to the inter-
glacial Holocene resulted in dramatic changes in the distri-
bution and composition of plant associations in the Bon-
neville basin.  Much of this change commenced prior to the
Holocene (see chapter eleven), but substantial alterations to
plant associations have continued through the last 10,000
years.  These alterations are partly a lagged response to the
glacial/interglacial climatic transition, partly related to small-
er-scale climatic variations during the Holocene, and partly a
function of human and other biological impacts.  Most mod-
ern plant communities developed their present composition
and distribution during the Holocene, but the timing of estab-
lishment of modern communities and plant distributions dif-
fers by taxon and by community in an individualistic fashion. 

This chapter discusses the analysis of packrat middens
dating to the last 10,000 years, collected in the Bonneville
basin as part of this project (figure 109).  The record of veg-
etation provided by these middens, together with other  pre-
viously obtained midden records, pollen cores and archaeo-
logical sites, provides the basis for a relatively detailed his-
tory of Holocene vegetation change in the Bonneville basin.
Twenty-eight midden localities, yielding 37 radiocarbon-
dated Holocene-age samples, were analyzed as part of this
project.  Methods for treatment of midden samples follow the
discussion in chapter eleven.  Relevant topographic informa-
tion and modern vegetation components are given in table
XLIV.

To facilitate discussion, the Holocene is divided into four
periods: the early Holocene (10 to 8 ka), middle Holocene (8
to 4 ka), Neopluvial (4 to 2 ka), and latest Holocene (<2 ka).
Vegetation patterns in the Bonneville basin tended to differ
within each of these intervals.  However, it should be kept in
mind that these intervals are mainly divisions of conven-
ience, that climate was not necessarily stable during each of
these intervals, and that the distribution of certain plant taxa
changed significantly within each interval.

EARLY HOLOCENE, 10,000-8000 YR B.P.

High-resolution paleoenvironmental records from sever-
al localities worldwide repeatedly show that the transition
from the late Wisconsin to the Holocene was marked by a
rapid shift from glacial to interglacial climate modes (see
chapter thirteen).  A rapid transition also characterized the
beginning and end of the Younger Dryas, during which cli-
mate apparently reverted from interglacial back to glacial-
like conditions.  The effects of the Younger Dryas on lake
level in the Bonneville basin are not certain, though some
authors (see Oviatt an others, 1992; Benson and others,

1992) have linked the Gilbert shoreline to a Younger Dryas-
age lake (but see Zachary and Oviatt, 1999).  As noted in
chapter eleven, however, paleovegetation records dating to
this interval (including packrat middens) are scarce in the
Bonneville basin and surrounding areas, so it is not certain
how plant distributions in the region responded to the
Younger Dryas climatic episode.  The end of the Younger
Dryas was apparently fairly abrupt (see chapter thirteen),
and this transition is here taken to mark the onset of the in-
terglacial Holocene period.

Two main opposing views characterize the nature of
early Holocene climate in the Bonneville basin (see Grayson,
chapter seven).  One view holds that the early Holocene was
cooler and wetter than today, transitional between the glacial
late Wisconsin and the warmer, drier middle Holocene (see
Antevs, 1955).  This cool, rather moist climate would have
(1) supported montane conifers at elevations lower than
those species presently grow, (2) promoted sagebrush steppe
vegetation in valley bottoms rather than more xerophilic salt-
bush scrub, and (3) allowed relatively cool-adapted faunas to
persist in lowland habitats, where they cannot survive today.
Grayson (chapter seven) argues that the small mammal fau-
nas from Homestead Cave support this “cool, moist” charac-
terization of early Holocene climate in the region.

The second view holds that the early Holocene climate
was significantly warmer than today (see Antevs, 1948), and
probably wetter as well, with a greater proportion of annual
precipitation falling during the summer growing season
months.  This “warm, summer-wet” view is bolstered by
paleoclimatic estimates drawn from global circulation mod-
els based on earth orbital parameters (Kutzbach and Guetter,
1986; COHMAP, 1988; Kutzbach and others, 1993; Thomp-
son and others, 1993).  About 10 ka, the Earth passed closest
to the sun in July, rather than January as it does today, and the
Earth’s tilt was slightly greater than today.  As a result, sum-
mer solar radiation in the northern hemisphere was approxi-
mately 8% greater during the early Holocene than today, the
greatest of any time in the past 18,000 years (COHMAP,
1988; Kutzbach and Webb, 1993).   Model results predict that
summers in the northern hemisphere would have been
warmer than at present, and winters slightly colder.  General
circulation models also suggest that summer precipitation
may have been greater than today, because continental inte-
riors were warmer in summer, which enhanced onshore flow
of storm fronts from the Gulf of Mexico and eastern Pacific
(Kutzbach and Webb, 1993).  Spaulding suggested that evi-
dence of this enhanced summer precipitation regime can be
found in packrat midden data from the Sonoran and Mojave
Deserts (Spaulding, 1985, 1990; Spaulding and Graumlich,
1986), but other researchers, notably Van Devender (1990;
Van Devender and others 1987), disagree with this interpre-
tation.  Whether this enhanced summer rainfall pattern, if it
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existed, penetrated into the Bonneville basin is not certain.  If
the general circulation model predictions actually happened,
we should expect evidence of greater abundance of plants
requiring more growing season precipitation (for example,
summer grasses, ponderosa pine) than occurs today. 

Ideally, the paleovegetation record in the region might be
able to resolve which of these viewpoints is more likely.
Unfortunately, early Holocene packrat midden records are
scarce in the Bonneville basin (table XLV), especially by
comparison with the abundance of middens dated to the ter-
minal Wisconsin (compare table XLIII).  A few early Holo-

cene pollen records augment the sparse midden record of the
period (Bright, 1966; Madsen and Currey, 1979; Spencer and
others, 1984; Thompson and others, 1990; Beiswenger,
1991; Thompson, 1992a).

Midden Records

The available midden record suggests that xerophytic
sagebrush and shadscale scrub dominated on the margins of
the Bonneville basin, but some records indicate the presence
of relatively mesophilic shrubs in lowland settings as well

150 Utah Geological Survey

LM
AI

GS

GP
IFC

CM

CC

TP

MM,IB

PP,KS

W
a
s
a
t
c
h

R
a
n
g
e

•
•

•

9 8
2

4

3

7

6
5

1
Snake River Plain

IDAHO
NEVADA

• •

•

UTAH

11

15

13

12

1718

IC,PQ

Former Extent of
Lake Bonneville

•
•

•
•

•

• •

•

• •

•
SI

RC

16

14

MB,RH,WG

10

DG

LO

N
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Table XLIV
Elevation, topographic position, and modern vegetation of Holocene-age midden localities described in chapter twelve

Elevation
Midden Code (m) Aspect Modern vegetation constituents
Cherry Creek 1 CC 1920 N Artemisia tridentata, Ribes cereum, Chamaebatiaria millefolium, 

Chrysothamnus viscidiflorus, Rosa woodsii, Pinus monophylla, 
Juniperus osteosperma, Abies concolor, Elymus cinereus, 
Holodiscus dumosus, Symphoricarpos sp., Cercocarpus ledifolius

Devils Gate 1 DG 1800 N Juniperus osteosperma, Cercocarpus intricatus, Elymus cinereus, 
Petrophytum caespitosum, Phlox sp., Artemesia tridentata, Opuntia 
cf. polyacantha, Forsellesia nevadensis, other Poaceae

Elephant Head  EH 1325 N Lomatium cf. dissectum, Artemisia dracunculus, Chrysothamnus viscidi-
florus, Montia perfoliata, Hilaria jamesii, Poa sp., Gutierrezia sarothrae

Gillespie Hills GH 1320 E Bromus tectorum, Salsola iberica, Descurainia sp., Cirsium sp., 
Artemisia dracunculus, Sphaeralcea coccinea, Halogeton 
glomeratus, Phlox sp., Artemisia tridentata, Atriplex canescens, 
Stipa hymenoides, Amsinckia menziesii, Chrysothamnus sp., 
Tetradymia glabrata

Golden Spike GS 1495 E Bromus tectorum, Sisymbrium cf. altissimum, Helianthus annuus, 
Chrysothamnus viscidiflorus, Artemisia tridentata, Gutierrezia 
sarothrae, Polygonum bistortoides, Cirsium sp.

Granite Peak GP 1400 E Juniperus osteosperma, Artemisia tridentata, Lomatium cf. dissectum
HAG HAG 1310 E Recently heavily burned; Stipa hymenoides, Bromus tectorum, 

Halogeton glomeratus, Cirsium sp., Sphaeralcea sp., Atriplex con-
fertifolia, Haplopappus watsonii, Stephanomeria sp., Brickellia sp.

Homestead Knoll HK 1300 N Sarcobatus vermiculatus, Atriplex confertifolia, Tetradymia spinosa,
Grayia spinosa, Bromus tectorum

Icicle Cave IC 2200 SE Prunus cf. virginiana, Acer glabrum, Rhus aromatica, Alnus incana,
Petrophytum caespitosum, Heuchera sp., Cercocarpus ledifolius,
Elymus cf. cinereus, other Poaceae, Symphoricarpos sp., Artemisia
tridentata, Holodiscus dumosus, Balsamorhiza sp., Pinus monophylla,
Juniperus osteosperma, Chrysothamnus cf. viscidiflorus

Indian Farm IFC 2000 S Pinus monophylla, Juniperus osteosperma, Rosa woodsii, 
Canyon Artemisia tridentata, Elymus cinereus, Rhus aromatica, Atriplex 

confertifolia (rare), Brickellia sp., Cercocarpus intricatus
Itchy Ban IB 1850 N Juniperus osteosperma, Pinus monophylla, Artemisia tridentata, 

Forsellesia nevadensis, Cercocarpus intricatus, Petrophytum cae-
spitosum, Gilia sp., Delphinium sp., Symphoricarpos sp., Opuntia 
sp., Poaceae, Asteraceae

Killian Springs 1 KS 1950 S Haplopappus cf. watsonii, Opuntia cf. polyacantha, 
Linanthus sp., Purshia tridentata, Pinus monophylla, Juniperus 
osteosperma, Artemisia tridentata, Poaceae

Killian Springs 2 KS 1950 S Elymus cinereus, Artemisia tridentata, Chrysothamnus viscidiflorus,
Juniperus osteosperma, Pinus monophylla, Purshia tridentata,
Brickellia sp., other Asteraceae

Leppy Overhang   LO 1475 S Atriplex confertifolia, Atriplex canescens, Artemisia tridentata, 
Purshia mexicana var. stansburiana, Tetradymia sp., Halogeton 
glomeratus, Ephedra nevadensis, Sarcobatus vermiculatus, 
Bromus tectorum, Forsellesia nevadensis 

Marblehead Mine 1 MM 1  1800 N Juniperus osteosperma, Cercocarpus intricatus, Elymus cinereus, 
Petrophytum caespitosum, Phlox sp., Artemisia tridentata, 
Haplopappus watsonii

Marblehead Mine 2 MM 2  1800 N Pinus monophylla, Juniperus osteosperma, Cercocarpus intricatus, 
Elymus cinereus, Petrophytum caespitosum, Phlox sp., Artemisia 
tridentata, Opuntia cf. polyacantha, Forsellesia nevadensis, other 
Poaceae

Morgan Basin MB 2100 NW Pinus monophylla, Purshia mexicana var. stansburiana, Juniperus 
osteosperma, Grindelia cf. squarrosa, Artemisia tridentata, other 
Poaceae, cf. Brickellia sp.

Patterson Pass PP 2100 E Juniperus osteosperma, Pinus monophylla, Purshia mexicana var. stans-
buriana, Cercocarpus intricatus, Haplopappus watsonii, Phacelia sp., 
Bromus tectorum, Brassicaceae, Artemisia tridentata



(table XLV).  At the Leppy Overhang locality, a midden sam-
ple (LO 1c) dating to 9340 yr B.P. contains remains of shad-
scale, horsebrush and other arid desert shrubs.  At the Twin
Peaks locality (TP 3a), a midden sample dating to 9280 yr
B.P. is dominated by sagebrush, with shadscale as a relative-
ly minor component (both of these localities had harbored
limber pine 2500 years earlier; see chapter eleven). The
abundance of sagebrush and limited representation of shad-
scale 9300 yr B.P. at the Twin Peaks locality contrasts with
the situation found at the Leppy Overhang, where shadscale
dominated.  This contrast is still present at the two localities:
sagebrush prevails at the Twin Peak locality, while shadscale
dominates at the Leppy Overhang site. 

As noted previously in chapter five, hackberry common-
ly grew in the outcrops around Homestead Cave from before
10 ka until ~8 ka or slightly later, after which time it disap-
peared from the local area.  Hackberry is also the dominant
plant macrofossil found in a small, badly weathered midden
(GH 1) from the Gillespie Hills, located near Homestead
Cave on the northern edge of the Lakeside Mountains, direct-
ly adjacent to Great Salt Lake (table XLIV).  Endocarps in
this midden gave a conventional radiocarbon age estimate
of ~6670 yr B.P., while an AMS date on a single endocarp

returned an age estimate of ~8110 B.P. (Wang and others,
1997).  The latter age estimate is more in line with the evi-
dence from Homestead Cave, though it is quite possible that
the midden represents a palimpsest assemblage dating from a
relatively long interval, and that hackberry persisted in the
rocky Gillespie Hills into the early middle Holocene.  Hack-
berry prefers rocky substrates where it can absorb water
trapped in cracks in outcrops (DeBolt and McCune, 1995).
The area is presently too dry to support hackberry, although
hackberry is found at relatively low elevations in the more
massive and better-watered Oquirrh and Stansbury Moun-
tains not far away, and it has been reported from the Lakeside
Mountains (Albee and others, 1988). 

Early Holocene midden records from upland settings in
the northern Bonneville basin are very scarce.  Only one
upland midden is known from this time period, and it repre-
sents the very latest end of the early Holocene, at ~8060 yr
B.P.  This midden comes from Indian Farm Canyon, in the
Deep Creek Range, southwest of the Great Salt Lake Desert.
It contains abundant Rocky Mountain juniper, skunkbush
sumac and hackberry, with smaller quantities of mesophilic
shrubs including chokecherry and elderberry.  A mesophilic
montane juniper-shrub community is indicated, quite differ-
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Pequop Cave 2 PQ 2050 NW Elymus cinereus, Artemisia tridentata, Cercocarpus ledifolius, 
Pinus monophylla, Juniperus osteosperma, Petrophytum caespitosum,
Haplopappus watsonii, Phlox sp., Rhus aromatica, Bromus sp., Wyethia 
amplexicaulis

Raven Cave RC 1510 SE Atriplex canescens, Atriplex confertifolia, Phacelia sp., Salsola iberica,
Grayia spinosa, Tetradymia spinosa, Gutierrezia sarothrae, Ephedra
nevadensis, Bromus tectorum, other Poaceae, Halogeton glomeratus,
Brickellia sp., Gutierrezia sp., Hilaria jamesii, Phlox sp., Chrysothamnus
nauseosus

Red Hand Cave RHC 1830 N Pinus monophylla, Juniperus osteosperma, Elymus cinereus, Artemisia nova, 
Lomatium dissectum, Haplopappus sp., Petrophytum caespitosum, Stipa sp., 
Phlox spinosa, Brickellia sp., Haplopappus watsonii, Cercocarpus intricatus, 
Forsellesia nevadensis, Chamaebatiaria millefolium 

Red Rocks RR 1500 W Artemisia cf. dracunculus, Lomatium sp., Erodium cicutarium, Cirsium sp.,
Montia perfoliata, Haplopappus watsonii, Chrysothamnus viscidiflorus,
Hilaria jamesii, Aster sp., Bromus rubens

Sentry Cave SC 1620 W Bromus tectorum, Chrysothamnus nauseosus, cf. Hilaria jamesii, 
Artemisia dracunculus, Artemisia tridentata (rare), Haplopappus 
cf. watsonii, Cirsium sp., Cymopterus purpureus, Astragalus utahensis,
Juniperus osteosperma downslope >100 m distant 

Silver Island SIC 1  1800 SE Juniperus osteosperma, Bromus tectorum, Elymus sp., Purshia mexicana var. 
Canyon 1 stansburiana, Petrophytum caespitosum, Gutierrezia microcephala, Brickellia 

scabra, Penstemon sp., Phlox sp., Chrysothamnus nauseosus, Poaceae,
Juniperus scopulorum down canyon 100 m

Silver Island SIC 2  1780 S Juniperus osteosperma, Bromus tectorum, Brickellia sp., Elymus 
Canyon 2 cinereus, Artemisia tridentata, Purshia tridentata, Gutierrezia sp., 

Atriplex canescens (rare), Liliaceae (rare), Leptodactylon sp.
Twin Peaks TP 1585 NE Artemisia tridentata, Bromus tectorum, Grayia spinosa, Chrysothamnus

viscidiflorus, Tetradymia spinosa, Tetradymia glabrata, Purshia mexicana
var. stansburiana, Stipa hymenoides, Haplopappus watsonii, Pinus
monophylla (rare), Artemisia nova, Ephedra nevadensis, Atriplex canescens, 
Opuntia cf. polyacantha, Petrophytum caespitosum, other Poaceae

West Goshutes 1 WG 1  1900 SE Forsellesia nevadensis, Ephedra viridis, Bromus tectorum, Juniperus
osteosperma, Pinus monophylla, Purshia mexicana var. stansburiana,
Haplopappus watsonii, Brickellia sp., Atriplex confertifolia, cf. Elymus
spicatus, Chrysothamnus viscidiflorus 

West Goshutes 2 WG 2  2250 SE Purshia tridentata, Haplopappus watsonii, Pinus monophylla, Juniperus 
osteosperma, Artemisia tridentata, Elymus sp., Opuntia sp., Chrysothamnus 
viscidiflorus, Bromus sp., cf. Aster sp., Cirsium sp., Phlox sp.



ent from the singleleaf pinyon-Utah juniper woodland ex-
tant today. 

The midden record from the southwestern Bonneville
basin (Wells, 1983; Thompson, 1984, 1990) is more montane
than lowland in distribution, but it too is very sparse.  This
record suggests that lower montane settings were dominated
by a mosaic of mesophilic shrubs and a sparse woodland
dominated by Rocky Mountain juniper and the newly immi-
grant Utah juniper.  Conifers such as bristlecone pine, limber
pine and common juniper retreated to higher subalpine alti-
tudes, persisting at lower elevations only on shaded north-
facing slopes.  The Council Hall Cave pollen record suggests
that conifers were relatively scarce, while trees such as as-
pen, mountain mahogany and chokecherry increased in
abundance, and sagebrush and grass were common (Thomp-
son, 1984).  According to Thompson (1990), cool early Holo-
cene temperatures apparently allowed mesophilic plants to
grow at lower elevations than today.  These records from the
southern Bonneville basin indicate that early Holocene cli-
matic conditions may have been cooler and moister than at
present, consistent with the interpretation of the faunal re-
mains from Homestead Cave (Grayson, 1998; see chapter
seven).  In contrast, Siegal (1983) used ratios of hydrogen
isotopes from plant remains in several of Thompson’s mid-
dens to suggest that temperatures around 10 ka were approx-
imately the same as today, at most perhaps 1°C cooler. 

Other Records

The Great Salt Lake Core C pollen record documents the
decline of conifer woodlands and expansion of xerophytic

shrub communities in the Bonneville basin shortly after ~9.7
ka (Spencer and others, 1984).  The declining abundance of
conifer pollen (relative to all pollen) in Snowbird Bog, locat-
ed in Little Cottonwood Canyon, Wasatch Range, also docu-
ments rapid early Holocene warming sometime prior to ~7.9
ka (Madsen and Currey, 1979).  The pollen record from Swan
Lake, north of the Bonneville basin, reveals a strong decline
in pine (especially limber pine) and other conifers and sub-
stantial increases in sagebrush and grass beginning about
10.3 ka and lasting until approximately 8.4 ka.  Chenopod-
iaceae - Amaranthus pollen increases slightly during this
interval, apparently reflecting the increase in saltbush and
shadscale communities as lowland soils increased in alkalin-
ity (Bright, 1966, p. 24).  Increased warming toward the end
of the early Holocene is reflected in the pollen sequence from
Grays Lake on the margins of the Snake River Plain, where
a transition from sagebrush steppe to sagebrush/shadscale
steppe is dated to ~8.5 ka (Beiswenger, 1991).  A similar
sequence is found at Ruby Marsh, ~120 km west of the Bon-
neville basin, where the transition dates from 8.5 to 8 ka
(Thompson, 1992a).

Harper and Alder (1972) examined plant remains from
early Holocene archaeological strata in Danger Cave, specif-
ically ratios of sagebrush vs. shadscale and greasewood vs.
pickleweed.  They suggested, albeit with some surprise and
discomfort, that the earliest Holocene began with a relative-
ly dry period, ~10,150 yr B.P., then became cool and moist
about 9750 yr B.P., and subsequently grew warmer and drier
by about 8.5 ka.  Harper and Alder pointed to parallels in the
pollen record from Swan Lake, particularly a general
increase in pine and spruce pollen after about 10.2 ka.  How-
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Table XLV
Early Holocene midden samples from Bonneville basin and vicinity

Sample Name TP 3a LO 1c GH 1 IFC 21

14C Date 9280 ± 60 9340 ± 90   8110 ± 60   8060 ± 60 
Lab # Beta - 76181 Beta - 68872       RA C019     Beta - 82953 
Material Dated2 Atco Dung        Cere         Jusc 

Trees
Pinus monophylla 1 
Pinus sp. (cf. flexilis)    2 
Juniperus scopulorum 5 
Shrubs
Artemisia sect. tridentatae 3 1 2  
Chrysothamnus sp. 2 1 2  
Tetradymia sp.  1 1  
Atriplex confertifolia 2 4 2  
Gutierrezia sp.   1  
Rhus cf. aromatica var. trilobata 5 
Sambucus cf. mexicana 2 
Celtis cf. reticulata 5 3 
Forsellesia nevadensis 3   
Prunus cf. virginiana 2 
Symphoricarpos sp.  1   
Forbs, Grasses and Succulents
cf. Helianthus sp.    1 
Other Poaceae   1

1.  A second date, on a Pinus monophylla seed coat, is 540 ± 65 yr B.P. (NSRL-10439).
2.  Material dated: Dung = Neotoma pellets, Atco = Atriplex confertifolia, Cere = Celtis reticulata pericarps, and Jusc = Juniperus scopulorum.



ever, this sequence is not well supported by most other early
Holocene records, including the Homestead Cave sequence.
The beginning of the early Holocene may not have been as
cool or moist as later on, but the interpretation Harper and
Alder (1972) drew from the Danger Cave record, that the cli-
mate at 10 ka was as warm and dry as at 6.8 ka, is nowhere
supported.  The Danger Cave record may reflect factors other
than climate, such as soil development on exposed lake sed-
iments (Bright, 1966) or taphonomic vectors.

Summary

A mosaic of saltbush scrub and sagebrush steppe com-
munities dominated vegetation in lowlands of the Bonneville
basin during the early Holocene.  Greasewood and other
halophytic chenopods colonized large areas of playa margin
around the old lakebed of former Lake Gilbert during this
interval (Harper and Alder, 1972).  Lowland plant associa-
tions were more mesophilic in character than they are today,
containing plants such as hackberry that are no longer found
abundantly in lowland settings, as well as a higher abun-
dance of sagebrush and grass than exists in lowland shrub
communities today.  Wetlands were more extensive in certain
valley areas than presently, indicating a higher regional water
table, probably left over from the preceding glacial period,
and possibly a wetter climate as well (see chapter thirteen).
As Bright (1966) noted for Swan Lake, patterns of soil devel-
opment undoubtedly strongly affected the evolving composi-
tion and distribution of plant communities as taxa colonized
the vast lowlands of the Bonneville basin.

A mosaic of sagebrush-grass steppe and mesophilic
aspen or brush communities, with relatively few conifers,
apparently dominated upland areas.  Among the conifers the
temperate mesophilic Rocky Mountain juniper was dominant
in the north and co-dominant with the newly arrived Utah
juniper in the south.  Conifers, such as limber pine and
bristlecone pine, now restricted mainly to subalpine habitats,
were present at lower elevations, but generally on protected
north-facing slopes.  Utah juniper had not yet arrived in the
northern Bonneville basin, and singleleaf pinyon pine appar-
ently had not begun its rapid northward migration until near
the end of the early Holocene. 

The widespread occurrence of Rocky Mountain juniper
in upland settings, and the more restricted distribution of
Utah juniper to southerly latitudes, suggest that early
Holocene climates were cooler than today, and possibly
(though not necessarily) somewhat wetter.  Comparison of
weather station data from the present distribution of Rocky
Mountain juniper vs. Utah juniper (figure 110) indicates that
the two taxa differ most significantly in their preferred tem-
perature regimes: Utah juniper typically requires warmer
winters and tolerates warmer summers than Rocky Mountain
juniper.  The two taxa do not differ greatly in the seasonal
abundance of precipitation required, though weather stations
in the range of Rocky Mountain juniper do have significant-
ly greater annual precipitation and somewhat higher summer
precipitation than those found in Utah juniper habitat. 

It seems most likely, therefore, that the early Holocene
climate that fostered the dominance of Rocky Mountain
juniper was cooler and had possibly wetter summers than the
present climate which supports Utah juniper.  How much
cooler and wetter is harder to say.  This is so because (1) cli-
mate may not have been the main limiting factor in the dis-
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Figure 110. Average January and July temperature and precipitation
values (1961-1990) at weather stations in Idaho, Nevada, Utah and
Wyoming that lie within the distribution of Utah juniper (J. osteosper-
ma) and Rocky Mountain juniper (J. scopulorum), as mapped by Little
(1971).  Climate data are from U.S. Department of Commerce, Nation-
al Oceanic and Atmospheric Administration, National Climatic Data
Center. 



tribution of Utah juniper (another possible factor could be
rate of population expansion), (2) both taxa tolerate a rather
wide latitude of climatic conditions with broad overlap, ren-
dering precise estimates difficult, and (3) climatic tolerances
may be affected by competitive relationships within plant
communities, which can change over time.  However, if the
weather station data can be applied, it appears that a transi-
tion from exclusively Rocky Mountain juniper to exclusive-
ly Utah juniper would require a warming of at least 3-5°C
overall. 

The evidence from both plant and animal distributions
tends to support a “cool, possibly wet” Anathermal of Antevs
(1955), and runs counter to the expectations of general cir-
culation models based on orbital forcing parameters, that
would predict warmer (and possibly wetter) summer condi-
tions by at least 10 ka.  A region-wide trend toward warmer
temperatures and probably less effective moisture is mani-
fested by ~8.5 ka in pollen records.  This evidence of warm-
ing and drying conditions is consistent with the evidence of
faunal change documented at Homestead Cave (chapter
seven).

MIDDLE HOLOCENE, 8000-4000 YR B.P.

The middle Holocene was a period marked by distinctive
vegetation changes in the Bonneville basin.  These changes
include significant range extensions by several important
woodland taxa such as pinyon pine and Utah juniper, as well
as changes in composition of extant woodland and shrub
communities.  In addition, the middle Holocene, the core of
Antevs’ so-called Altithermal, is famous for its presumed
effects on human occupation of the intermountain west.
Grayson (1993) recently showed that, except for the Bon-
neville basin, very few Great Basin archaeological sites have
radiocarbon dates indicating occupation during the middle
Holocene, leading him to suggest that perhaps Baumhoff and
Heizer (1965) were right in stressing that the region was a
rather poor place for people to live at that time.  However,
Grayson specifically excluded the Bonneville basin from his
examination, for good reason: the record of occupation in the
Bonneville basin does appear to differ from the rest of the
basin, most notably because the well-dated Danger and
Hogup caves, together with a number of other Bonneville
basin caves, were occupied through much of the middle
Holocene.  But if the occupation history of the Bonneville
basin did truly differ from the rest of the basin, why did it dif-
fer?  Does it have anything to do with Antevs’ Altithermal?
Was this region spared the effects of the Long Drought, or
does the paleovegetation record reflect significantly warmer
and drier conditions? 

This last question, regarding Bonneville basin vegetation
reflecting “Altithermal” climate, can be considered here,
though with a relatively limited base of data.  Only four mid-
den samples are known from the northern Bonneville basin
and vicinity that give age estimates between 8 and 5.5 ka, the
first two-thirds of the middle Holocene (table XLVI), and
only five samples give age estimates between 5.5 and 4 ka,
which apparently had a different climate than the earlier per-
iod.  An additional record from the Cricket Mountains (CM
1), in the southern Bonneville basin, is also presented in this
table.  These samples provide limited but nevertheless useful
information on the timing of migration of certain taxa into

the region, on the nature of vegetation community composi-
tion, and on climatic conditions during this interval.

The lowland midden record for the middle Holocene is
practically nonexistent.  One midden, from Leppy Overhang
(LO 2b), suggests that by 7.5 ka, Atriplex dominated an asso-
ciation containing other shrubs such as sagebrush, grease-
bush, rabbitbrush, boxthorn, cliff rose and desert snowberry.
No other middens from lowland settings that date to the mid-
dle Holocene are known from the northern Bonneville basin. 

Middens from upland areas are confined to mountains
west of the northern Bonneville basin region: the Toano,
Pequop, Cherry Creek, and Silver Island ranges (figure 109).
These records suggest that lower montane woodlands were
still dominated by Rocky Mountain juniper, often with a sec-
ondary component of pinyon pine.  Pinyon pine is not repre-
sented in the midden record until about 6 ka, though it is
found in archaeological sediments from Danger Cave dating
at least 600 years earlier (Rhode and Madsen, 1998).  Sage-
brush and rabbitbrush were the commonest understory
shrubs, while a few mesophilic shrubs (dogwood, ninebark,
shrubby cinquefoil, snowberry, chokecherry) are present in
small quantities in several samples.

The fact that Rocky Mountain juniper, a relatively cool-
tolerant, mesophilic continental juniper, dominated in upland
woodlands of the northern Bonneville basin, rather than the
more thermophilic Utah juniper, may indicate that middle
Holocene climate had greater effective growing season pre-
cipitation than today.  Alternatively, winters could have been
cold enough to restrict the northward movement of Utah
juniper during this period.  Utah juniper was apparently ab-
sent in the northwestern Bonneville basin region until after
5100 yr B.P., near the end of the middle Holocene, where it
occurs in small quantities in a single midden (IB 1) from the
Toano Range.  A dated record from Devils Gate 1A, in the
Onaqui Mountains, suggests that Utah juniper occurred in
mountain ranges to the south and east of the Bonneville basin
at 6600 yr B.P. (see table XLIII, chapter eleven); the midden
is mixed with earlier materials, so its plant associates are not
known.  Utah juniper was common during the middle Holo-
cene in the southern Bonneville basin (Thompson, 1984,
1990), as the record from Cricket Mountain (CM 1) indicates
(table XLVI).

In a few protected settings, such as the north-facing mid-
dens from Cottonwood Canyon (CC 1b) in the Cherry Creeks
and from Icicle Cave (IC 3d) in the Pequop Mountains, lim-
ber pine was a minor component of the woodlands dominat-
ed by Rocky Mountain juniper and pinyon pine.  These mid-
dens predate the complete retreat of limber pine to subalpine
elevations, but the main populations of these conifers were
probably located at higher elevations than the midden record
presently reaches.  Limber pine nut hulls also occur in sedi-
ments of Danger Cave dating between 7 and 8 ka (Rhode and
Madsen, 1998).  These nut hulls suggest that limber pine may
have grown at relatively low elevations in nearby mountains.

In the southwestern Bonneville basin, conifers such as
limber pine, bristlecone pine and Rocky Mountain juniper, as
well as mesophilic shrubs, had declined significantly in ab-
undance or were restricted to higher elevations by the begin-
ning of the middle Holocene (Thompson, 1984).  Pinyon
pine, Utah juniper, ponderosa pine and white fir became in-
creasingly abundant.  Thompson (1984, 1990) has suggested
that these taxa may reflect increased amounts of summer pre-
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cipitation from subtropical sources, in addition to warmer
growing-season temperatures.

Other Records

A variety of other middle Holocene vegetation records in

the Bonneville basin reveals a pattern of increased warming
and drying (Currey and James, 1982; Thompson and others,
1993).  The pollen record from Great Salt Lake reported by
Mehringer (1985) documents high ratios of shadscale and
other chenopod plants relative to sagebrush and conifers
between 7 and 5 ka, suggesting that the early part of the mid-
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Table XLVI
Middle Holocene midden samples from Bonneville basin and vicinity

Sample Name CM 1 CC 1b LO 2b MM 1b IC 3d IB 1 SI 2b SI 1 CC 1E 
14C Date 7900 7690 7520 5960 5340 5070 4410 4150 4016

± 100 ± 70 ± 60 ± 90 ± 50 ± 50 ± 90 ± 130 ± 75
Lab # Beta- Beta- Beta- Beta- Beta- Beta- Beta-  Beta- DRI-

8020 79087 68144 73389 120585 82952 70606 ? 3135
Material Dated1 Juos Pifl Dung Pimo Pimo Pimo Dung Jusc Dung 
Trees
Acer macrophyllum 1 2 
Juniperus osteosperma 3 2
Juniperus scopulorum 5 5 3 5 3 
Pinus flexilis 2 1
Pinus monophylla    3 2 3 3 
Shrubs
Artemisia sect. tridentatae 2 2 3 3 4 2 4 
Atriplex confertifolia 2 1 3 
Atriplex sp. 3 4       
Brickellia sp. 2  
Chrysothamnus sp. 2 3 2 4 3 
Cornus cf. sericea 3        
Ephedra sp. 2       
Forsellesia nevadensis 2       
Haplopappus sp. 1  
Gutierrezia cf. microcephala 1 
Gutierrezia cf. sarothrae ? 1  
Juniperus communis 2     
Lycium sp. 2       
Physocarpus sp. 3     
Potentilla cf. fruticosa 3      
Prunus cf. virginiana 3 2     
Purshia mexicana var. stansburiana 1       
Purshia cf. tridentata 2         
Rosa cf. woodsii 2        
Symphoricarpos sp. 2       
Tetradymia sp. 2 3   
Forbs and Succulents
Astragalus sp. 1       
Cirsium sp. 1 3 2 
Chenopodium sp. 1     
Cryptantha humilis 1       
Galium sp.    2      
Lithospermum cf. ruderale 2     
Opuntia cf. polyacantha 1 1 2 3 1    
cf. Petrophytum caespitosum 1    
Asteraceae 1       
Cactaceae  1 
Grasses
Elymus cf. cinereus 1 1  
Elymus spicatus 1 2
Stipa hymenoides 2
Stipa sp. 1     
Other Poaceae 1

1.  Material dated: Dung = Neotoma pellets, Jusc = Juniperus scopulorum, Juos = Juniperus osteosperma, Pifl = Pinus flexilis, Pimo = Pinus monophylla



dle Holocene was warmer and drier than today.  Between 5
and 4 ka, relative pollen abundance approached modern val-
ues, suggesting that climatic conditions were generally cool-
er and/or wetter in the latter part of the middle Holocene than
in the first half. 

At Swan Lake (Bright, 1966), the middle Holocene is
characterized by relatively high values of sagebrush and
chenopod pollen, low quantities of grass, and small but per-
sistent quantities of juniper and oak.  Bright placed the mid-
dle Holocene period between 7.8 and 3.1 ka, suggesting that
the vegetation characteristic of the middle Holocene began
when “grass was replaced by alkali-loving plants as alkalin-
ity in the soils increased” (Bright, 1966, p. 25).  On the
whole, vegetation of the period “was little different in either
aspect or distribution from that of today and therefore re-
flects a warm semiarid climate.” 

Pollen from Snowbird Bog, in the Wasatch Range, indi-
cates the period from 8 to 6 ka was warm and dry, while the
following period until 5.2 ka was not quite as warm and
probably wetter as well (Madsen and Currey, 1979).  The
Ruby Marsh sediment record documents lower-than-modern
water levels and an expansion of shadscale at the expense of
sagebrush steppe vegetation starting ~7 ka, continuing until
about 4 ka (Thompson, 1992a).  Mission Cross Bog, in the
Jarbidge Mountains northwest of the Bonneville basin,
shows evidence for an increase in juniper woodland and
shadscale steppe and a reduction in the extent of subalpine
conifers from about 8 to 5 ka B.P. (Thompson, 1984). 

Harper and Alder (1970) found that plant remains from
strata dating from 7.8 to 3.2 ka in Hogup Cave also indicat-
ed environmental conditions somewhat more arid than the
early Holocene.  A similar sequence was found at Danger
Cave, in strata dating from ~8 ka until the end of the record
~4 ka.  The ratio of sagebrush to saltbush remains in Hogup
Cave suggested one possible reversal toward greater effec-
tive moisture, roughly dated at ~6 ka.  Plant remains from
these caves suggest that arid conditions returned after ~6 ka,
and persisted until about 3.2 ka.  Evidence for this brief mes-
ic interlude ~6 ka was also traced to slight fluctuations in the
Swan Lake, Great Salt Lake, and Curelom Cirque pollen
records (Currey and James, 1982; Harper and Alder, 1970,
1972; Mehringer, 1977).  At Potato Canyon Bog, in central
Nevada, a pronounced increase in the abundance of pine
occurred approximately 6.5 to 6 ka, significantly different
from “the complex period of possibly lower effective mois-
ture that preceded it” (Madsen, 1985b, p. 122).  At nearby
Gatecliff Shelter pine and juniper pollen increased markedly
in water-laid sediments dated ~5.5 to 5 ka (Thompson and
Kautz, 1983), an interval that Davis (1983) characterized as
relatively mesic and “summer-wet.”  Evidence for this mesic
interval is lacking in some other records, however (exam-
ples: Danger Cave, Snowbird Bog, Great Salt Lake Core C).
The interval may be correlated with a prominent mesic per-
iod occurring around 5.5 ka elsewhere in the Great Basin
(Wigand and Rhode, in press), and with a rise in the level of
Great Salt Lake tentatively dated ~5 ka (McKenzie and Eber-
li, 1987), but such correlations await better dating control.

Summary

The middle Holocene in the Bonneville basin had dis-
tinctly more xeric-adapted vegetation than did the early

Holocene.  Lowlands were covered more by chenopod-dom-
inated scrub communities and less by sagebrush and grass.
Uplands were clothed in juniper woodlands and shrub com-
munities that gradually replaced the mesophilic conifer
woodlands and shrublands of the early Holocene, although
these middle Holocene upland woodlands appear to have
been still more mesophilic than those present in the same
localities today.  Upland woodlands in the southwestern Bon-
neville basin were dominated by Utah juniper and pinyon
pine, while those in the northwestern basin were dominated
by Rocky Mountain juniper and pinyon pine.  Pinyon pine
rapidly migrated northward along the west margin of the
Bonneville basin within a few centuries of 7 ka.  Utah juniper
apparently expanded northward as well, especially in the
southwestern and southeastern basin, but it was delayed in its
migration into the northwestern basin until the latter third of
the middle Holocene.  Greater penetration of ‘monsoonal’
summer storms and increased growing season precipitation
has been suggested as one possible reason to account for the
northward migration of pinyon pine and the persisting dom-
inance of Rocky Mountain juniper in upland settings
(Thompson, 1984; Wigand and Rhode, in press).  Several
records indicate that an anomalously mesic interval occurred
roughly 6 to 5.5 ka, and that the last third of the middle
Holocene, after ~5.5 ka, was cooler and had greater effective
moisture (possibly derived from winter storms) than the ear-
lier part.

THE NEOPLUVIAL, 4000–2000 YR B.P.

The end of the middle Holocene is marked by the onset
of a “neolacustrine” or “neopluvial” cool-wet episode
(Antevs, 1948; Currey and James, 1982; Mehringer, 1985,
1986; McKenzie and Eberli, 1987).  Cores from the Bon-
neville basin indicate several episodes of freshening and
deepening of Great Salt Lake as early as 5 ka, with a sus-
tained high period from 3 to 2 ka (Currey and others, 1984;
McKenzie and Eberli, 1987).  This neopluvial fluctuation
toward cooler, wetter conditions clearly affected vegetation
distributions in the northeastern Great Basin, but the effects
were modest compared with those of the Pleistocene-
Holocene shift. 

The midden record representing the neopluvial is more
abundant than that representing the previous several thou-
sand years.  A total of 12 midden samples have been dated
between 2 and 4 ka in the northern Bonneville basin and
vicinity (table XLVII).  Several pollen records (see Bright,
1966; Madsen and Currey, 1979; Mehringer, 1977; Thomp-
son, 1984, 1992a) augment the midden series.

Midden records

Many of the available midden samples have contents
that are consistent with the vegetation that grows around
them today, indicating that the flora of the region was large-
ly modern by this time.  Plant communities were generally
close to their modern distribution and composition.  One sig-
nificant exception concerns the distribution of Utah juniper
and Rocky Mountain juniper.  Utah juniper apparently ar-
rived in the middle to late Holocene in this region, as noted
previously.  In some areas Utah juniper was a minor compo-
nent in woodlands dominated by Rocky Mountain juniper
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Table XLVII
Neopluvial-age packrat middens from Bonneville basin and vicinity

Sample Name CC 1D WG 1 GS 2a RC 2 GS 1 WG 2b HAG SC 5 IC 1 PQ EH 1 RR 1 
14C Date 3900 3850 3670 3310 3110 3080 3010 2910 2830 2660 2490 2470  

± 60 ± 70 ± 50 ± 60 ± 50 ± 50 ± 50 ± 70 ± 70 ± 80 ± 50 ± 40
Lab # (Beta- ) 79088 86499 117564 68873 117563 117566 102021 115493 73386 68145 115492 115495 
Material Dated1 Pimo Dung Juos Dung Juos Pimo Tetr Dung Artr Dung Dung Juos  

Trees
Acer glabrum 1    
Juniperus osteosperma 2 5 5 5 4 1 4 3 4 5 
Juniperus scopulorum 3 3    
Pinus monophylla 3 3 3 3 4
Shrubs
Acamptopappus cf. sphaerocephalus 2
Artemisia sect. tridentatae 3 2 3 2 4 5 2 3  
Atriplex confertifolia 5 3 2
Atriplex sp. 2 3  
Brickellia sp. 1 1 1        
Chrysothamnus sp. 3 2 3 1
Ephedra sp. 1 1
Forsellesia nevadensis 3 3         
Gutierrezia cf. sarothrae 1 2
Haplopappus sp. 1 1     
Lycium sp.   2      
Prunus cf. virginiana 1            
Purshia mexicana var. stansburiana 2   
Purshia sp. 1       
Rhus aromatica var. trilobata 2 1  
Rosa cf. woodsii 1 
Sarcobatus vermiculatus 2      
Symphoricarpos cf. longiflorus 1         
Symphoricarpos sp. 2 1
Tetradymia spinosa 3      
Tetradymia glabrata 2      
Tetradymia sp.   2          
Forbs and Succulents
Amaranthus sp.  1        
Amsinckia menziesii 2      
Argemone sp. 1        
Artemisia cf. ludoviciana 2  
Asteraceae 2 1 2 2 1 1  
Astragalus sp.   1 2 1 1   
Chenopodium sp. 2 1 1 1  
Corispermum hyssopifolium 1      
Galium sp.  1 1    
Ipomopsis sp. 3           
Lappula redowskii 1 1      
Lomatium sp. 2      
Opuntia cf. polyacantha 2 2 1 2 2   
Phacelia sp.       1      
Potentilla sp.   2   
Asteraceae 2 1 2 2 1 1
Cactaceae 1 2           
Fabaceae   1 1      
Scrophulariaceae       1   
Grasses and Monocots
Elymus cinereus 2 1  
Elymus spicatus 1 2
Festuca sp. 2 1        
Scirpus sp. 2          
Stipa hymenoides 2 1
Other Poaceae 1 2 2 1

1Material dated:  Artr = Artemisia tridentata, Dung = Neotoma pellets, Juos = Juniperus osteosperma, Pimo = Pinus monophylla, and Tetr = Tetradymia sp.



(for example, Cherry Creek [CC] 1D, Silver Island Canyon
[SI] 2), but in nearby areas it was the dominant woodland
conifer (for example, West Goshutes [WG] 1).  Utah juniper
is the most common juniper in all of these areas now.  Rocky
Mountain juniper has apparently become much less common
in woodlands of the region since about 2 ka.

Several midden records from areas near Great Salt Lake
indicate that Utah juniper grew at elevations at least 50-100
m lower than it occurs today during this interval (table
XLVII).  Records of juniper below its present distribution
are found at the Golden Spike locality (GS), dating 3700
and 3100 yr B.P., the HAG locality at 3000 yr B.P., and two
midden localities on Antelope Island: Sentry Cave (SC) at
2900 B.P. and Red Rocks (RR) at 2500 yr B.P.

Another example of range shifts of important taxa dur-
ing the neopluvial is green mormon tea.  Green mormon tea
is a common shrub in uplands throughout the region, includ-
ing the vegetation surrounding midden localities on the west-
ern slope of the Goshute Mountains today, but midden sam-
ples dating 3850 and 3100 yr B.P. lack green mormon tea.
Other paleoecological records also indicate that green mor-
mon tea may have been a late entry into the vegetation of the
northern and central Great Basin, within the past 3000 years
(see Thompson and Kautz, 1983).  However, green mormon
tea is found in hardly any midden samples of any age, sug-
gesting that the lack of green mormon tea in middens may be
partly related to collection habits of packrats rather than
abundance in the landscape.

Consequently, the midden record from the northern Bon-
neville basin and vicinity indicates that while modern vege-
tation associations were largely in place by the late Holo-
cene, the abundance of certain plant taxa within those vege-
tation associations varied significantly through time.  Some
taxa such as green mormon tea and Utah juniper may have
achieved their present importance in the vegetation only
within the last 2000 years.  In addition, the distribution of
some taxa shifted in elevation in response to climatic varia-
tion, as the example of Utah juniper shows.

In the southern Bonneville region, by contrast, Thomp-
son (1984) found only rather modest vegetation changes
through the last few thousand years, suggesting that late
Holocene climates were relatively stable, at least on the scale
recorded in midden plant records.  However, it should be
noted that Thompson’s study was not specifically directed
toward examining rather subtle late Holocene shifts in vege-
tation communities: the focus of his pioneering midden work
was, quite properly, geared toward larger-scale patterns in
vegetation history over the last 40,000 years.

Other records

Several paleovegetation records in the eastern Great
Basin document significant climatic and vegetation shifts
between 4 and 2 ka.  At Swan Lake (Bright, 1966), warm dry
middle Holocene conditions became cooler by 3.1 ka, with a
lowering of forest treeline, a prominent increase in grass, and
a decrease in shadscale scrub and sagebrush steppe.  Warmer
conditions apparently returned by 1.7 ka, with increased
sagebrush and less limber pine.  A cooler late Holocene cli-
mate from ~5 ka onward is also reflected in the pollen from
Snowbird Bog in the Wasatch Range (Madsen and Currey,
1979).  At Ruby Marsh the pollen record indicates that, after

~4.5 ka, “shadscale declined in importance in the valley bot-
tom and marsh waters deepened, in turn reflecting cooler
temperatures and/or greater precipitation” (Thompson,
1992a, p. 13).  The record from Mission Cross Bog, in the
Jarbidge Mountains, shows an increase in pollen from
spruce, fir and pine beginning after 5 ka with a peak around
3.6 ka, suggesting that this was the most mesic episode in the
past 8000 years (Thompson, 1984).  At Gatecliff Shelter,
central Nevada, packrat midden, pollen, and sedimentary
evidence (Davis, 1983; Thompson and Hattori, 1983;
Thompson and Kautz, 1983) indicate that a cool, winter-wet
interval began rather suddenly about 3.4 ka, during which
time green mormon tea became established in the region.
The period between 3.4 and 2.8 ka may have been cooler and
moister than any time in the past 6000 years.  At Potato
Canyon Bog, increased amounts of pine and arboreal pollen
relative to sagebrush and non-arboreal pollen during the peri-
od from about 4 to 2 ka indicates increased effective mois-
ture (Madsen, 1985b).

Summary

These data consistently show that the period from about
3.5 to about 2 ka was the coolest and most mesic period since
the early Holocene, but was probably not quite so cool and
wet as the early Holocene itself.  Vegetation throughout the
Bonneville basin was close to its modern distribution, but
both midden and pollen records document that certain mod-
ern taxa had not yet reached their modern range, and that
some taxa (such as Utah juniper) grew at significantly lower
elevations than today.  Sagebrush and cool-season grasses
dominated vegetation in lowlands, while saltbush steppe
decreased in abundance.  In uplands, pines increased in abun-
dance, and Utah juniper appears to have spread widely,
though Rocky Mountain juniper was still common and in
places dominant.  The pollen record indicates that the neo-
pluvial period was characterized by significant fluctuations
in vegetation distribution, probably reflecting significant cli-
matic fluctuations during this episode.  However, the packrat
midden record is at present not sufficiently detailed to ade-
quately document these fluctuations.

LATEST HOLOCENE,
2000 YR B.P. - PRESENT

In general, the latest Holocene has been warmer and
drier than the first part of the late Holocene.  All major vege-
tation associations had reached their ‘modern’ (pre-contact)
content and distribution by the beginning of this interval.
The latest Holocene has not been marked by great climatic
stability, however.  Significant excursions toward periods of
less effective moisture occurred within the past 2000 years
and at least one significant cool period - the Little Ice Age -
occurred a few hundred years ago.  These also had effects on
vegetation patterns.  Finally, within the past 150 years plants
native to Eurasian steppes and deserts followed the roads and
cattle trails of latter-day settlers and ranchers.  These inva-
sions of non-native plants wrought the greatest changes in
Bonneville basin vegetation since the Pleistocene/Holocene
transition.
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Midden Records

Eight midden samples are dated from the last 2,000 years
in the northwestern Bonneville basin (table XLVIII).  Con-
tents of an additional sample from the Cricket Mountains, in
the southern Bonneville basin, are also given in this table.
These records tend to be very consistent with native vegeta-
tion growing in the vicinity of the middens today.  With one
exception, the middens from the last 2000 years contain no
evidence of marked shifts in the elevation or range of any
native plant taxa.  The sole exception is from the Silver
Island Mountains, where a midden dating ~2 ka contains
Rocky Mountain juniper as a common component.  Today
the area is dominated almost exclusively by Utah juniper (a
single Rocky Mountain juniper tree was observed in a nar-
row canyon several hundred meters upslope from the midden
locality).  At the coarse scale provided by the midden record,
during the last 2000 years plant communities were quite sim-
ilar in composition and distribution to those found in the
region today, with the exception that modern vegetation also

contains abundant exotic invaders such as Bromus, Haloge-
ton and Salsola.

Other Records

An increase in the abundance of hackberry endocarps in
Stratum XVII of Homestead Cave was previously noted in
chapter five.  This resurgence of hackberry coincides with
increases in certain montane mammals (chapter seven) and
with the reappearance of fish bones (chapter nine) in Home-
stead Cave.  These lines of evidence indicate greater effec-
tive moisture about 1200 years ago.  At both Swallow Shel-
ter (Dalley, 1977) and Hogup Cave (Kelso, 1970), grass
pollen increased beginning ~1.5 ka, again indicating greater
effective growing season moisture.  Harper and Alder (1970)
also reported greater representation of grasses between 1.5
and 0.5 ka.  Madsen (1985b) suggested a slight increase in
effective moisture from 1.5 to 1.0 ka based on higher pine
pollen abundance in Potato Canyon Bog.  A postulated in-
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Table XLVIII
Latest Holocene packrat middens from Bonneville basin and vicinity

Sample Name SI 2a KS 2 RHA MB 2 GP 1 PP 2 CM 3 HS 2 KS 1 
14C Date 1940 1240 1230 1180 1170 1130 970 510 460  

± 60 ± 80 ± 50 ± 80 ± 50 ± 50 ± 50 ± 50 ± 70
Lab # (Beta- ) 70605 43729 117568 43730 68656 117567 8022 102022 43728
Material Dated1 Juos Juos Juos Dung Juos Pimo Juos Tetr Dung 
Trees
Juniperus osteosperma 2 2 5 5 5 5 3 4 
Juniperus scopulorum 4
Pinus monophylla 2 5 5 4 3 
Shrubs
Artemisia sect. tridentatae 2 1 2 2 2 
Atriplex confertifolia 3 2 3 3 
Cercocarpus intricatus 2       
Chrysothamnus sp. 2  
Ephedra sp.       4   
Forsellesia nevadensis 2       
Haplopappus sp.   2 1 
Purshia mexicana var. stansburiana 5 2   
Tetradymia spinosa 3 4  
Tetradymia sp.   2     
Forbs and Succulents
Chenopodium sp.  1       
Cirsium sp.       1   
Eriogonum cf. fasciculata 1  
Lithospermum cf. ruderale 1 1        
Lomatium sp.      1   
Opuntia cf. polyacantha 2 
Cactaceae 2        
Grasses and Monocots
Bromus sp.      22

Elymus cinereus 2         
Festuca sp.  1        
cf. Iris sp. 1   
Other Poaceae 1 1 2

1.  Material dated: Dung = Neotoma pellets, Juos = Juniperus osteosperma, Pimo = Pinus monophylla, and Tetr = Tetradymia sp.
2.  Probable historic contaminants.



crease in summer precipitation during this period may have
supported the spread and success of the Fremont peoples’
maize-based horticultural systems in the Bonneville basin
from ~1.5 to 0.9 ka.

Cores from the Bonneville basin indicate freshening and
deepening of Great Salt Lake (Currey and others, 1984;
McKenzie and Eberli, 1987) from about 0.5 to 0.2 ka (the
“Little Ice Age”).  An increase in sagebrush pollen and high-
er water levels at Ruby Marsh during the last 500 years indi-
cates “the coolest and/or moistest conditions since the early
Holocene,” presumably correlated with the Little Ice Age
(Thompson, 1992a).  Harper and Alder (1970, 1972) com-
pared the late Holocene record of plant remains from Hogup
Cave and Danger Cave with the plants that grow around
those sites today, to suggest that the modern climate ranks
among the driest and warmest of the entire Holocene.

Summary

The midden record underscores the fact that vegetation
patterns during the past 2000 years were largely similar to
the modern period.  However, the coarse record presently
available does not provide sufficient spatial and temporal
detail to detect subtler changes in regional vegetation that
can be better observed in pollen records.  In particular,
increased growing season precipitation ~1.5 to 0.5 ka proba-
bly enhanced growth of upland grasses and likely favored the
spread of Fremont horticultural societies.  This period of
summer moisture and relatively warm winters may have also
favored pinyon pine, allowing woodlands to expand to
slightly lower elevations ~1.5 ka (Hemphill and Wigand,
1995; Wigand, 1997; Wigand and Rhode, in press).  Sub-
stantially cooler conditions apparently occurred beginning
about 500 yr B.P., lasting for some 300 years.  These Little
Ice Age conditions resulted in upslope retreat of pinyon
woodlands, expansion of sagebrush at the expense of grass-
es, and possibly the end of the Fremont experiment in the
northern Bonneville basin. 

CONCLUSIONS

Holocene vegetation patterns in the Bonneville basin can
be summarized as follows.  Early Holocene vegetation con-
sisted of lowland areas dominated by sagebrush-grass steppe
and more thermophilic and alkali-loving saltbush scrub,
while uplands were covered in a mosaic of a shrubland con-
taining relatively mesophilic shrubs, stands of aspen and
mountain mahogany, and patchy woodlands dominated by
Rocky Mountain juniper, along with Utah juniper in the
southern basin, and containing conifers such as limber pine
and bristlecone pine in protected habitats.  After 8 ka,
increasingly warm and dry conditions resulted in an increase
in the extent of saltbush scrub at the expense of sagebrush-
grass steppe, a decline in the abundance of mesophilic shrubs
in the uplands, and an upslope retreat of pines to their pres-
ent subalpine positions.  Pinyon pine migrated rapidly north-
ward during this interval, perhaps in response to milder win-
ters and possibly enhanced growing season precipitation.
This period appears to have continued until about 6 to 5 ka,
when slightly moister conditions apparently returned.  The

vegetation evidence for this moisture increase is not strong,
however.  This interval may also have had somewhat warmer
winters, that may have facilitated the northward migration of
Utah juniper. 

Significantly moister conditions are recorded after ~4
ka, with the onset of the neopluvial.  Great Salt Lake rose
significantly, and sagebrush steppe expanded into areas for-
merly occupied by saltbush scrub.  Utah juniper was by now
present in the northern Bonneville basin, though not every-
where dominant, sometimes growing at elevations at least
100 m lower than it occurs today.  Certain taxa expanded
their ranges during this time, including green mormon tea.
By 2000 years ago, the modern “pre-historic” vegetation
communities were essentially in place.  Various plant taxa
within these communities fluctuated in relative abundance in
response to climatic fluctuations during the past 2000 years,
most significantly a summer-wet interval ~1.5 to 0.5 ka, fol-
lowed by the cool, winter-wet Little Ice Age, and lastly by
the relatively warm and dry interval in which we now live.
Vegetation changes wrought during the past 150 years, as a
result of exotic invaders brought with Euroamerican occupa-
tion, rival the changes that occurred at the glacial-interglacial
climate transition, especially in the lowland shrub and grass-
land communities.

The foregoing discussion reveals several general trends
about vegetation history in relation to Holocene climatic
change.  The most dramatic vegetation changes occurring
during the Holocene were ultimately brought about by the
glacial-to-interglacial climatic shift, a transition that had
begun several thousand years before.  As interglacial cli-
mates developed during the Holocene, certain plant taxa
expanded their ranges by thousands of kilometers, mostly
northward and eastward.  Other plant taxa, which had been
favored by glacial climates, retreated to subalpine altitudes
and into cool-mesic, protected refugia.  The general floristic
outcome of this process was additive, with more taxa added
to the region’s flora than lost. 

This process of equilibration of a plant’s range to new
climatic conditions can take time.  Certain plant taxa may
require several centuries or more to expand to their new
bounds of climatic tolerances after such a transition, de-
pending on generation time and mode of propagule dispersal.
This lag between climate change and plant distribution is
often called “vegetation inertia” (Cole, 1985; Markgraf,
1986; Thompson, 1990).  However, it is not clear whether
this type of “inertia” had much detectable effect in the Bon-
neville basin.  Some taxa probably extended their ranges
quite rapidly in response to a favorable combination of cli-
matic conditions, but those conditions may not have come
about until after the Holocene began.  Utah juniper, for
example, did not reach the northern Bonneville basin until
the middle Holocene.  Is this case of vegetation inertia fol-
lowing the glacial-interglacial climate shift?  Possibly, but
Utah juniper had migrated rather rapidly through the south-
ern Bonneville basin during the early Holocene.  It probably
stopped south of the northern Bonneville basin because of
early Holocene climatic constraints, not because of an inher-
ently slow rate of migration. 

One of the most remarkable discoveries in the past
decade is the abrupt nature of climate change that character-
ized the late Pleistocene and early Holocene.  Ice cores col-
lected from Greenland and Antarctica documented abrupt
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shifts from glacial to interglacial climate states, shifts that
may have occurred within a few decades or less (see chapter
thirteen).  Similar rapid climate-related shifts in sediment
composition and chemistry are also found in ocean cores in
the North Atlantic, Caribbean, and off the coast of Santa Bar-
bara, to name a few key localities.  These records also sug-
gest that glacial-type climate regimes apparently were much
more variable than Holocene climate, when measured on the
scale of centuries to millennia.  These findings raise anew a
question about the rates of Holocene climate change: was cli-
mate change during the Holocene primarily rapid, step-like
and episodic on the century to millennium scale, or did
Holocene climates shift in a more gradual, prolonged ramp-
like fashion?  This question bears not only on the mechanics
of the interglacial climate system (and the potential conse-
quences of our current meddling with it); it also has impor-
tant implications about how vegetation communities and
human populations were able to respond to climate shifts in
the past.  Presumably, human groups could adaptively track
a gradual shift to warmer and drier conditions with greater
success than if the shift was contained within the space of a
few decades.

Rates of climate change are difficult to determine, how-
ever, from vegetation evidence alone.  In part the difficulty
lies with the records available to closely measure vegetation
change, and in part the difficulty lies in the basic relationship
of vegetation change to climatic change.  Packrat middens,
for example, are poorly suited to document close rates of
change in regional vegetation, because individual samples
are discontinuous in time and highly localized in space,
showing in considerable detail the plants growing in a very
narrow, very specific time and place.  They are ideally suited
to show presence vs. absence of specific taxa in specific
places at specific times, much less so continuous fluctuations
of abundance through time over a region.  Pollen records, on
the other hand, are much better suited to show the latter.
However, a pollen record can also be a variable monitor of
the regional pollen rain, as the size and character of the lake
or bog fluctuates through time.  These are some of the meas-
urement problems.  Problems associated with the relation-
ship between vegetation change and climate change include
“vegetation inertia,” discussed earlier, and what may be
called the threshold problem: the distribution or abundance
of some plant species may not change very much despite
variation in some climatic parameter, but will change rapid-
ly once some threshold in that parameter or combination of
parameters is reached.  For example, pinyon pine may have
made its very rapid march northward up the west side of the
Bonneville basin only when winters became warm enough
and growing season precipitation increased sufficiently to
allow the survival and spread of seedlings in established
plant communities. 

Given these caveats, some pollen records in the Bon-
neville basin and surrounding regions strongly suggest that
vegetation change occurred quite rapidly during certain brief
intervals, presumably in response to rapid fluctuations in cli-
mate.  The pollen record from Swan Lake, for example,
shows a series of spiky “saw blades” (Faegri and Iversen,
1975, p. 137) illustrating the rapidly shifting abundance of
key plant taxa such as grasses, sagebrush, chenopods, pine
and especially sedge.  The magnitude of difference between
one sample and its near neighbors is compelling evidence

that vegetation can change with striking rapidity.  Similar
“saw blades” are evident in pollen records from Great Salt
Lake Core C (Spencer and others, 1984) and Crescent Spring
(Mehringer, 1985). 

These spikes in these records are often short-lived
(hence “spikes”), indicating highly variable conditions with-
in episodes lasting a millennium or more.  If the records are
smoothed to remove these high-frequency fluctuations, more
gradual trends of vegetation change become evident; see, for
example, the smoothed pollen record from Great Salt Lake
(chapter one, figure 4; see also Mehringer, 1985) or Snow-
bird Bog (chapter one, figure 5).  But the gradual appearance
of these trends may be an artifact of sample homogenization,
sample spacing, and the smoothing calculation itself.  The
underlying climatic shifts may be more rapid than the
smoothed pollen records suggest.

This pattern of seemingly gradual trends overtopped by
higher-frequency spiky fluctuations is also well known in
tree-ring series.  However, examination of these series on dif-
ferent temporal scales also shows relatively rapid shifts on
the century to millennial scale.  The 4500-year-long record
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Figure 111. Bristlecone pine tree-ring index series for Indian Garden,
Nevada, site NV515 in the International Tree-Ring Data Bank, collect-
ed and prepared by D. A. Graybill (1984).  Top diagram shows annual
index values.  Middle diagram shows index values smoothed with a
running 10-year median smoother.  Bottom diagram is smoothed with
a running 100-year median smoother.  Note the relatively abrupt
(rather than gradual) shifts in index values during the past few thou-
sand years.  Note also the changes in the y-axis scaling, as the magni-
tude of variation decreases with the length of the smoothing algorithm.



from Indian Garden, in central eastern Nevada, illustrates
this pattern (figure 111).  The calculated index of annual tree-
ring growth is highly variable throughout the record.  When
this variation is smoothed with a 10-year running median fil-
ter, the variation between decades is much less marked (note
the difference in scale of the index on the y-axis), but the
shifts are still quite rapid.  When the index variation is
smoothed with a 100-year running median filter, rapid shifts
are still evident. 

These tree-ring and pollen records suggest that Holocene

climate may have shifted relatively rapidly on annual,
decadal and century to millennium scales.  Apparently these
shifts could be quite rapid at all of these scales, though the
amplitude of climatic variation observable over longer, cen-
tury to millenium time scales is much less dramatic than
occurs on the shorter annual to decadal time frames.  Chap-
ter thirteen explores the episodic nature of climates during
the late Pleistocene and Holocene in greater depth, and with
a broader array of evidence from Homestead Cave and the
Bonneville basin.
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OVERVIEW

A column of stratified deposits laid down primarily by
raptors and woodrats was collected from Homestead Cave on
the northwestern margin of the Lakeside Mountains.  Our
goal was to explore the nature of environmental change in
the Bonneville basin generally, but specifically to relate
those changes to lake-level history and the history of human
occupation in the region. 

Raptors, in the case of Homestead Cave most likely Barn
and Great Horned Owls (but see figure 112), are comprehen-
sive foragers within a 3-5 km range of their home roost and
collect a wide array of small mammals, birds and reptiles.
Bones from these prey are regurgitated in the form of pellets
below their roosts and constitute a useful sample of environ-
mental conditions at the time they are laid down. 

The 1 x 1 m column from the cave was 2.9 m deep, and
contained 18 “excavatable” depositional units with readily
identified upper and lower surfaces.  Microlaminae within
these units could be recognized, and in some cases mapped,
but could not be cleanly separated.  The age of these deposits
is controlled by 21 radiocarbon dates spanning the last
~13,200 calendar years (~11,300 14C yr B.P.).  Deposition
appears to have been relatively continuous, with periods of
slow, or no, deposition at ~11,000, ~8500, and ~5000 cali-
brated calendar years ago.  The column contained more than
two million faunal elements, of which more than three hun-
dred thousand can be identified to a useful taxonomic level. 

This faunal record complements a floral record derived
primarily from fossil woodrat middens collected from local-
ities around the northern Bonneville basin, and secondarily
from a limited variety of plants in Homestead Cave itself.
Woodrats (Neotoma sp.) commonly collect a majority of
plant types found within 50-100 m of their nests (Dial and
Czaplewski, 1990; Frase and Sera, 1993).  Urine and fecal

matter deposited with this collected vegetation in perch areas
cements the mass into middens which are often preserved for
tens of thousands of years in protected areas.  The dating and
analyses of flora in such middens can provide a snapshot of
vegetational communities at any one time and place.  With a
sufficiently large library of middens from a limited area, it is
possible to reconstruct vegetational changes over extended
periods of time.  We collected and dated 62 samples from
middens collected at 40 localities in and adjacent to the Great
Salt Lake basin.  A large number of these date to a period of
14 - 10 ka spanning the Pleistocene/Holocene transition, but
several are 30,000-40,000 years old or older and 37 samples
are of Holocene age.  Though limited in number, these
younger middens, used in conjunction with plant remains
from stratified caves around the margin of the Great Salt
Lake Desert and with previously recovered middens, are suf-
ficient to estimate the nature of changing plant communities
in the Bonneville basin during the Holocene.

Together, these floral and faunal records provide an
increasingly detailed record of environmental change in the
Bonneville basin over the last 50,000 years.  When combined
with geomorphic data derived from glacial and lake level
sequences, these biotic proxy records also provide a compre-
hensive summary of changing climatic conditions over an
extended period.  Since climatic change and environmental
change are inextricably linked, however, it is important to
recognize how patterns of climate change affect changing
environmental conditions in the Great Basin.  As yet, such
patterns of change are poorly known at the local level, but it
is becoming increasingly evident that climate systems are
linked on a global scale and that climatic cycles recognized
in longer and more detailed records from Greenland ice cores
and from North Atlantic deep sea cores are probably applica-
ble to the Bonneville basin.  Below we summarize late Pleis-
tocene/Holocene environmental change, within a structure of
globally recognized climatic cycles, after reviewing how
such cycles may be related to changing Bonneville basin cli-
mates.

GLOBAL-SCALE CLIMATIC CHANGE AND
THE BONNEVILLE BASIN

It has long been recognized that long-term climatic
changes are related most directly to changes in the relative
distance between the earth and the sun and, hence, vary with
perturbations in the earth’s orbit and axis.  For late Quater-
nary climates, the 19,000 and 23,000-year precession cycles
and the 41,000-year obliquity cycles are particularly impor-
tant (see Grootes and Stuiver, 1997).  Climatic change on a
millennial scale of 1000-2000 years has also been recognized
in proxy records from ice cores and from cores taken from
the ocean and large continental lakes (see Benson and others,
1998).  As yet, however, it is not clear how these shorter-term
Dansgaard-Oeschger cyclical variations may relate to the
celestial mechanics that drive the longer cycles.  It is also not
clear how such cycles may be represented in terrestrial envi-
ronmental records.

CHAPTER THIRTEEN
Summary and Integration

Figure 112. View of a western screech owl (Otus kennicottii) perched
on the trench shoring around the excavation area in Homestead Cave.



What is becoming increasingly clear, however, is that the
transitions between the steady-state conditions that charac-
terize these millennial-scale cycles are relatively abrupt,
often on the order of a decade or less, and certainly within the
lifetime of an individual.  In Greenland ice cores and cores
from the North Atlantic, these cycles take a characteristic
form during the glacial period.  They are initiated with a
rapid rise in temperature of 5-8°C in a matter of decades,
gradually return to moderate conditions over the course of
~1000 yr, and end with a rapid return to very cold tempera-
tures prior to the start of a warming event which initiates a
new cycle.  The amplitude of the cycles appears to be much
smaller during the Holocene (on the order of 1-3°C), but the
form seems to be relatively similar.  Currently, nine cycles
have been recognized in these detailed core records during
the 12,000 years of recorded human occupation in the Great
Basin (see Bond and others, 1997).  While it is becoming evi-
dent that change in the water budget of the Bonneville basin
is correlated with millennial-scale cycles evident in the ice
core record, all nine of the Holocene cycles have yet to be
recognized locally.  This may be due to a combination of fac-
tors, such as the relatively coarse nature of the local environ-
mental record, the reduced magnitude of Holocene oscilla-
tions and the presence of other, longer cycles with periodi-
cities of 6,100 and 11,100 years which may obscure local
manifestation of millennial-scale fluctuations (see Mayew-
ski and others, 1997).  Once detailed and sensitive records,
such as those from tree rings and lake varves, are available,
many, but perhaps not all, of the Holocene cycles may be-
come evident.

In the absence of these detailed records, however, I want
to incorporate those aspects of climatic change that may not
yet be fully recognized into a model which usefully predicts
patterns of environmental change in the Bonneville basin.
By doing so, it should be possible to detect where the current
paleoenvironmental reconstruction is weakest and where
attention should be directed to strengthening the available
informational base.  It is possible to do this by examining dif-
fering types of climatic proxy data, such as changing lake
levels and vegetation communities, against the global cli-
matic sequence to detect where differences occur and, in
turn, determine whether these differences are a product of a
limited data base or represent real local climatic differences.
Proceeding in such a way also makes it possible to move
beyond description and towards a more deductive approach
to understanding paleoenvironmental change in the Bon-
neville basin.  It also allows me to summarize late Pleis-
tocene and Holocene environmental change in the Bon-
neville basin within a structure that may be more realistic
than the tripartite early/middle/late schemes which are usual-
ly employed.

In this regard the most useful climatic proxy record
comes from Lake Bonneville and its successor, Great Salt
Lake.  More precise and shorter-term records, such as tree
rings, are difficult to interpret because they are more sensi-
tive to local geomorphology and microclimatic conditions.
Fluctuations of a lake the size of Lake Bonneville, on the
other hand, reflect change in the regional water budget due to
broad changes in precipitation and evaporation rates linked
to the ocean-atmospheric system via the polar jet stream
(see Benson and others, 1997).  Both Milankovitch and
Dansgaard-Oeschger cycles, evident in core records, should

be evident in Lake Bonneville deposits, and, indeed, both
cycles have been observed (see Oviatt and others, 1992;
Oviatt, 1997).  Evidence for the millennial-scale cycles is
spotty, however, and is limited for the Pleistocene/Holocene
transition and the early Holocene.  It seems likely that other
millennial-scale oscillations occurred throughout the late
Quaternary in the Bonneville basin and it may be possible to
predict when they occurred and where evidence for them
may be found.

As shown in figure 113 I have constructed a schematic
diagram of a 20,000-year Milankovitch cycle with an ampli-
tude of 16°C (A), and one of a series of Dansgaard-Oeschger
cycles with amplitudes of 6°C (B).  While ice core records
suggest that the length of these cycles varies rather broadly,
I have used a 1500-year cycle since it closely matches the
1470 ± 500 year cyclicity defined by Bond and others (1997)
from North Atlantic deep sea cores.  I then imposed these
1500-year cycles on the 20,000-year cycle (C), using it as the
average base-line, centering the series at 10 ka and moving
forward and backward from this point.  Ten ka was chosen
for the starting point because the most obvious match be-
tween short-term Lake Bonneville oscillations and the mil-
lennial-scale cycles of the core records is likely to be the end
of the dramatic Younger Dryas climatic cycle.  I then modi-
fied the resulting curve by imposing upon it two major
aspects of basin morphology, a basin floor elevation and an
overflow elevation (D).  By comparing the resulting
schematic with the current reconstructions of lake history
(figure 114), it is possible to derive a number of useful pre-
dictions about late Quaternary lake-level fluctuations which
are not evident from an evaluation of a descriptive history of
the lake alone.

First, it is readily apparent that the schematic climate
model and the known lake history are similar in several
important aspects.  At the high and low points of the 20,000-
year cycle, evidence for short-term oscillations is likely to be
limited because of the constraints imposed by the shape of
the basin.  At the highest elevations, shoreline evidence will
be limited to periods when the lake dropped below its out-
flow channel and beach levels associated with the peaks of
each oscillation will not be found.  However, evidence of
these millennial-scale events should be, and have been (see
Oviatt, 1997), found in core and shoreline data representing
the regressive phases of each oscillation.  At the lowest ele-
vations, evidence from shoreline data is also likely to be lim-
ited since beach features formed at the peak of each oscilla-
tion are probably at or below the range of modern lake-level
fluctuations (but see Murchison, 1989a).  Evidence for such
changes is likely to be more apparent in core data (see
Spencer and others, 1984; McKenzie and Eberli, 1987).
Shoreline data should be available for elevations at the peak
of each oscillation between these upper and lower limits, and
should be found for oscillations that occurred during both the
transgressive and regressive phases of the longer scale cycle.

For the most part, shoreline features that largely corre-
spond to events predicted from the schematic model have
been found (see Currey, 1980, 1988, 1990; Currey and oth-
ers, 1984; Currey and Oviatt, 1985; Oviatt, 1988a; Murch-
ison, 1989a; Oviatt and others, 1990; Oviatt and others,
1992), and the model seems to accurately reflect the expres-
sion of globally linked climatic changes in the history of
Lake Bonneville and Great Salt Lake.  The actual age of the
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peak of each oscillation can be crudely estimated
from McKenzie and Eberli (1987) for the later
Holocene (dating of the core from which these
Holocene oscillations are derived is itself largely
a product of estimation), from Murchison
(1989a) for the middle and early Holocene and
from Oviatt (1997) for much of the late Pleis-
tocene.  Evidence for two and possibly three
oscillations predicted by the model during the
regressive phase is more obscure, and, in these
cases, the model may serve as a hypothesis guid-
ing the investigation of these possible events.  

Assuming the oscillation peaking between
11-10 ka represents the Gilbert oscillation, the
model predicts two preceding oscillations during
the regressive phase.  An oscillation occurring
sometime during the formation of the Provo still-
stand is predicted, but since that level was con-
trolled by an overflow threshold rather than by
climatic factors, it may not be evident in the
physical lake history.  A second oscillation likely
dates to sometime between ~14-12 ka (figure
113D [x]), and probably peaked at an elevation
somewhere between Gilbert and Provo levels.
The model also predicts at least two and possibly
three oscillations (figure 113D [x & y]) peaked
during the early Holocene following the Gilbert
fluctuation.  The earliest of these probably
peaked at an elevation somewhere between that
of the Gilbert level at ~1298 m and the late
Holocene highstand at ~1286 m, and occurred on
the order of ~9.3 ka.  The subsequent oscillation,
with a peak likely dating to ~7.8 ka, probably
reached a maximum lake level elevation within
the range of late Holocene oscillations, and asso-
ciated shoreline features may be obscured.  A
third and possibly a fourth unrecorded oscillation
may also have occurred after the 6800 14C yr B.P.
Mazama ash fall at the height of the mid-Holo-
cene warm period, but may be completely unde-
tectable in lake proxy data.

There is tantalizing evidence that oscillations
corresponding to these predicted fluctuations are
part of the Bonneville record.  There is limited
shoreline data suggesting an early Holocene lake
fluctuation reached ~1289-1293 m, roughly mid-
way between the Gilbert level and the highest
levels reached by the lake during the late
Holocene (Currey and others, 1984; Murchison,
1989a; Miller and Langrock, 1997).  As yet, this
shoreline is undated, but estimates of its age
place it ~9.6 ka.  This may actually be the Young-
er Dryas-age lake in the Bonneville basin, as
Zachary and Oviatt (1999) suggest the Gilbert
shoreline may have formed prior to 12 ka. If so, it
simply means the lake cycles discussed here must
be pushed back one interation in the millennial-
scale climate change sequence.

Subsequent oscillations within the range of
the modern lake history occurred between 8-7 ka
and again ~5.9 ka (Murchison, 1989a).  There is
also some evidence for a lake fluctuation at about
Stansbury level sometime during the regressive
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Figure 113. Schematic of climatic forcing cycles and the late Quaternary history of
Lake Bonneville: (A) 20,000-year cycles with a 16°C amplitude; (B) 1500 year Dans-
gaard-Oeschger cycles with an amplitude of 6°C centered at 10 ka; (C) 1500-year
cycles imposed on the 20,000-year cycle; (D) Curve constrained by basin morphology
and linked to possible shorelines.  X, Y, and Z represent possible cycles which may have
shoreline signatures, but which are as yet unrecognized or undated.



phase of Lake Bonneville, and predating the Gilbert oscilla-
tion.  At the Old River Bed and north of the lake near
Snowville, Utah, regressive-phase marl is interrupted by an
erosional unconformity (and a stone line), which is overlain
by more marl (Oviatt, 1998 personal communication).  This
oscillation is also as yet undated, and, with the possible
exception of Cathedral Cave, shoreline data corresponding to
this event have yet to be recognized.  However, two cycles of
channel formation separated by a period of reduced or no
stream flow and extensive erosion of soft lake bed sediments
have been recognized in the Old River Bed sequence, and the
older cycle appears to be pre-Gilbert in age (Oviatt and Mad-
sen, 2000).  There is a very real possibility that evidence for
this oscillation may be hidden among the complex of Stans-
bury beaches that span a relatively broad elevation between
~1360 and ~1405 m.  The Stansbury level is geomorpholog-
ically complex and shoreline data were originally interpreted
to be the product of a post-Provo highstand (see Gilbert,
1890; Antevs, 1945, 1948; Ives, 1951; Hunt, 1953; Eardley
and others, 1957; Morrison, 1961, 1965; Currey, 1980).
Only in the last few decades has evidence for a pre-highstand
Stansbury oscillation begun to dominate interpretations of
when the beach formed (see Currey, 1990; Oviatt and others,
1990; Oviatt and others, 1992).  It now appears possible that
both interpretations may be correct, and, like the Provo level
(see Sack, 1999), the lake may have occupied the Stansbury
level during both the transgressive and regressive phases of
the last highstand.

It is difficult to project this schematic model beyond
these limited, albeit potentially useful, predictions of proba-

ble shorelines dating to oscillations immediately prior to and
immediately following the Gilbert fluctuation.  One difficul-
ty is simply the large range of variation in the length of the
cycles.  During the Holocene they range in length from ~800
to ~2200 calendar years and extrapolation backward and for-
ward using a fixed interval of 1500 years will likely produce
spurious results as estimates get farther from the starting
point.  A related difficulty is that the length of the cycles
appears to be slightly shorter during the Holocene than dur-
ing the last glacial interval (1374 ± 502 versus 1536 ± 563 cal
yr B.P.), so it may be inappropriate to use a single fixed cycle
length when predicting a lake history (Bond and others,
1997).  A short cycle with a periodicity of ~210 calendar
years caused by modulation of solar output may also obscure
or enhance millennial-scale cycles at times (Grootes and Stu-
iver, 1997).  Nevertheless, it seems readily apparent that mil-
lennial-scale cycles in the fluctuations of Lake Bonneville
closely match those found in ice core and deep sea core
records and, where they do not, the core records provide a
useful guide to where to look for events that may yet be dis-
covered in the Bonneville record.

LATE QUATERNARY CLIMATIC CYCLES IN
THE BONNEVILLE BASIN

Given the apparent correlation between cycles evident in
sea cores and those found in the Great Basin, I here apply the
more complete North Atlantic core record in defining cycles
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of environmental change that span the late Pleistocene and
Holocene in the region.  While cycles can be said to start at
any point in the sequence, the ice-rafted debris events in the
deep sea are used to denote the beginning of each cycle (table
XLIX).  It is important to note that the ages for the ice-raft-
ed debris events, and, hence, for the start of each cycle, are
estimates only, and there may be some refinement as further
results are obtained.  For example, the end of the Younger
Dryas is calculated to be ~11,640 calendar years (Alley and
others, 1993) rather than the 11,000 yr suggested by Bond
and others (1997).  It is equally important to recognize these
are temporal correlations only, and I do not mean to suggest
direct similarities in temperature and precipitation regimes
with cycles evident in the North Atlantic.  While these cli-
matic cycles may be globally linked, their expression likely
differs from place to place.  Within the limits of the data,
however, these ages may eventually prove to be a useful esti-
mate of the climatic framework that constrains Bonneville
basin paleoenvironmental change.  Certainly such a structure
is more useful to us in summarizing the data presented here
than are the tripartite schemes common to Great Basin envi-
ronmental studies.

As yet, it is difficult to employ millennial-scale climatic
cycles in estimating Bonneville basin climate change.  This
is particularly true for the relatively short cycles that charac-
terize the early Holocene, since the resolution available in
most proxy records is not sufficient to distinguish them.
Recognition that these cycles exist is perhaps most important
in terms of the rapid-change events that characterize their
start and which undoubtedly affected human foragers in the
basin.  Such events may be triggers for rapid behavioral
change and, hence, may show up in the archaeological record
as the chronological boundaries between cultural divisions
defined on the basis of technological differences.  The actu-
al overall climatic conditions associated with each cycle are
less clear.  Moreover, while the ~1500 year periodicity of
these cycles is also evident in ice core records, their impact
on actual climatic changes is uneven, and a somewhat differ-
ent sequence has been defined from the Greenland ice
records.  The ice core sequences, which seem to have a glob-
al signature (see Mayewski and others, 1997), may be most
appropriately applied to the Bonneville basin.

Ice core records suggest that increases in terrestrial dust
and sea salt, interpreted to have resulted from enhanced win-
ter-like circulation patterns and storm conditions over North
America, occurred during a number of extended periods dur-
ing the Holocene.  These are associated with periods of gla-
cial advance and higher lake levels during the Little Ice Age,
the neoglacial and the Younger Dryas, and likely represent
similar changes at regular intervals during the Holocene.
Periods of increased windiness occurred at ~100-580, 2400-
3100, 5000-6100, 7800-8800 and 11,300-12,900 calendar
years ago (Mayewski and others, 1997).  These periods also
appear to be associated with cooler temperatures in the ice
core records (O’Brien and others, 1995).  The ages of the
periods have been converted to radiocarbon years in table
XLX in order to provide correspondence with most available
proxy records.

In the following discussion I employ these periods to
organize a summary of late Quaternary environmental
change in the Bonneville basin.  In so doing, it is important
to recognize that these periods were unlikely to have been
environmentally uniform, even though much of the available
data may suggest that to be the case.  Since many organisms
are adapted to a range of climatic conditions, periods of rapid
change may go unrecognized in the prehistoric record.  This
is particularly true for long-lived species, such as trees, and
many of the animals that depend upon them.  As a result,
biotic records may often present an “average” picture of
environmental conditions over an extended period of time,
and lead to statements such as “temperatures were 2-3°C
colder than at present during the early Holocene.”  While
such statements are quite common in the following discus-
sion, we want to make it clear that we recognize that climat-
ic conditions were much more variable on annual to century
scales.  Fortunately, this somewhat biased view of stable con-
ditions is mitigated on a global scale by the ice core and sea
core records, and on a local scale by recognition of fluctua-
tions in the levels of Lake Bonneville and Great Salt lake.
The size of the lake appears to be much more sensitive to cli-
matic change, and, where relevant, we have included evi-
dence of lake-level fluctuations in our discussion.  Unfortun-
ately, Holocene fluctuations of Great Salt Lake are poorly
known and poorly dated and it is difficult to pinpoint exact-
ly when high and low points may have occurred.  As a result,
the biotic record is emphasized in the following discussion.

Table XLIX
Probable age of peak events in millennial-scale climatic cycles

during the Holocene in the Bonneville basin
(adapted from Bond and others, 1997)

Approximate Calendar Age Approximate Radiocarbon Age
400 B.P. Little Ice Age
1400 B.P. 1600 B.P.
2800 B.P. 2700 B.P.
4300 B.P. 4000 B.P.
5900 B.P. 5200 B.P.
8200 B.P. 7400 B.P.
9500 B.P. 8600 B.P.
10,300 B.P. 9100 B.P.
11,100 B.P. 9800 B.P.
12,500 B.P. 10,600 B.P.

Table XLX
Probable age of Bonneville basin climatic cycles

(adapted from Mayewski and others, 1997;
calibration from Stuiver and others, 1998)

Approximate Calendar Age Approximate Radiocarbon Age
0-100 B.P. Modern
100-580 B.P. 50-550 B.P.
580-2400 B.P. 550-2400 B.P.
2400-3100 B.P. 2400-2950 B.P.
3100-5000 B.P. 2950-4450 B.P.
5000-6100 B.P. 4450-5300 B.P.
6100-7800 B.P. 5300-7000 B.P.
7800-8800 B.P. 7000-8000 B.P.
8800-11,300 B.P. 8000-9950 B.P.
11,300-12,900 B.P. 9950-10,900 B.P.



MAJOR ENVIRONMENTAL CHARACTERIS-
TICS OF BONNEVILLE BASIN CLIMATIC

CYCLES

Interpluvial - Pluvial (>50,000-15,000 YR B.P.)

Top of the Terrace in the Goshute Mountains west of the
Bonneville basin is the only midden locality with samples
dating to this period and short-term climatic events are not
evident in this single series.  Along with the few other paleo-
vegetation records of this age (see Beiswenger, 1991, Davis
and others, 1986; Mehringer, 1986;  Thompson, 1984, 1992a;
Wells, 1983), four broad periods of vegetation change can be
identified.  A period older than the radiocarbon time-scale is
characterized by a mixed comunity of Utah juniper, sage-
brush, horsebrush, cactus, and snowberry.  This vegetation
suggests moderate temperatures and a relatively dry precipi-
tation regime, but it is difficult to define the climatic param-
eters which support this “non-analogue” plant community.
Between ~46 and ~36 ka, the Utah juniper woodland was
replaced by montane meadow vegetation including sage-
brush, currant, cinquefoil and limber pine.  This community
suggests temperatures were cooler and somewhat moister
during this period.  Between ~36 ka and ~28 ka, currant and
cinquefoil disappeared and were replaced by more xeric
brush cummunities including shadscale and fern bush.
Englemann spruce appears in the record, but the woodland
community is dominated by limber pine.  While this vegeta-
tion complex is indicative of cold, dry climatic conditions, its
distribution may have been enhanced by low atmospheric
CO2. Cold, moist climatic conditions returned between ~28
ka and ~14 ka as Lake Bonneville rose to its highest levels.
In the Top of the Terrace record, limber pine declines, shad-
scale and fern bush disappear, and upper montane meadow
plants such as currant and cinquefoil reappear and become
common after ~20 ka.  Millennial-scale climate changes are
evident in the lake record for the period (Oviatt, 1997), but
cannot yet be detected in the more limited biotic record.

Pre-Gilbert - 10,900 YR B.P. 

After ~14 ka, Lake Bonneville began to retreat from its
overflow level at the Provo threshold.  The ice core records
cited above suggest the possibility that one or more millen-
nial-scale cycles may have occurred after the lake reached its
highest point at the Bonneville level.  One of these may be
represented by the enigmatic Keg Mountain oscillation (see
Currey and Oviatt, 1985; Oviatt and others, 1992), but any
cycle that occurred while the lake was at the Provo level was
likely masked by the lowering of the threshold during the
Bonneville flood.  Glaciers in nearby mountain ranges had
been significantly reduced by this time, but still remained of
substantial size and vegetation records suggest summer tem-
peratures remained quite cool.  The Little Cottonwood
Canyon glacier, for example, did not retreat past Snowbird
Bog until ~12.3 ka (Madsen and Currey, 1979), and may
have deposited the mid-canyon Hogum Fork till at an eleva-
tion well below the bog during a period corresponding to an
early regressive-phase oscillation of the lake.  Mountain
shrub vegetation, similar to that now found in subalpine set-
tings in the Great Basin, dominated the foothills along the

western margin of the lake with conifers such as white fir and
spruce dominating lower elevations along the eastern lake
margin.  Large Pleistocene megafauna such as mammoths,
camels, ground sloths, musk oxen and short-faced bears con-
tinued to occur around the lake margins, but population sizes
may have started to decline.

Sometime between ~14 and ~12 ka, shoreline deposits in
Cathedral Cave suggest that lake levels dropped rapidly.
However, lake waters remained sufficiently cold and fresh
that they could support all of the Lake Bonneville fish fauna,
including Bonneville cisco and cutthroat trout.  Sometime
thereafter the lake rebounded to levels above ~1325 m.  The
limiting date from Cathedral Cave suggests this occurred
sometime after ~15.3 ka, and other shoreline data place it
sometime after ~14 ka (see Benson and others, 1990).  The
peak of this event may date to ~13.5-13.0 ka and match the
late glacial cooling event marked by extensive seasonal sea-
ice cover (Rochon and others, 1998).  During this period, the
Little Cottonwood Canyon glacier retreated past Snowbird
Bog and cirques in the Raft River Mountains became ice free
(Mehringer, 1986).  A large number of fossil woodrat mid-
dens date to this period, and it is possible to make relatively
reliable reconstructions of the nature and distribution of plant
communities in the Bonneville basin.  About this time moun-
tain shrub vegetation through much of the central and west-
ern Bonneville basin began to be replaced by flora adapted to
cool, dry conditions and dominated by a limber pine wood-
land, although subalpine fir and spruce continued to grow
along canyon bottoms and stream margins.  Summer temper-
atures may have been as much as ~6°C cooler than at pres-
ent.  Insect remains in middens dating to this period suggest
increased moisture relative to the present (Wigand and
Rhode, in press).

The Gilbert shoreline may have been formed during
another regressive-phase oscillation dating to sometime
before ~12 ka (see Zachary and Oviatt, 1999), but after ~12
ka lake waters retreated to elevations approaching that of the
modern lake.  Flow in the Old River Bed channel was severe-
ly reduced or halted altogether, and deflation/  oxidation of
the lacustrine muds on basin floors was initiated.  By 11.3 -
11.2 ka Lake Bonneville regressed to elevations below the
Gilbert level and a massive die-off of lake fishes began.
How long this die-off may have lasted is uncertain, but the
population structure of fish from the lower part of Stratum I
suggests that it was relatively rapid.  Until shortly before this
time waters were cold and deep enough to support eleven
species of fish.  Four of these species have not previously
been reported for Lake Bonneville and two, bull trout
(Salvelinus confluentus) and bluehead sucker (Catostomus
discobolus), have not been found in fossil form anywhere in
the entire Great Basin.  These data from Homestead Cave are
supported by fish remains in woodrat middens from the west-
ern side of the basin dating to as late as 11.9 ka.  Oxidized
lacustrine deposits on the floor of the basin suggest that the
lake reached elevations as low as 1280 m before it began to
rebound once more.  A similar drying episode dating to this
period, bracketed by higher lake levels, occurs in a nearby
alpine lake (Gillette and Madsen, 1992, 1993).  How long
this period of dryer and/or warmer conditions lasted is un-
clear, but if it is related to the short warm period immediate-
ly preceding the Younger Dryas in the European climate
sequence (see Björck and others, 1996) and the “Clovis
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drought” recognized in much of western North America
(Haynes, 1991), then it may have lasted less than 500 years.
Bonneville fish may not have been the only victims of this
event, as the last of the Pleistocene megafauna in the Bon-
neville basin date to this period (the single exception is a
short-faced bear from Huntington Canyon on the eastern
margin of the basin which dates to ~10.9 ka).

Towards the end of the period, shadscale and sagebrush
began to replace limber pine and common juniper in Bon-
neville basin lowland settings, particularly on exposed
slopes.  Sometime after 12 ka (dating is unclear), xeric desert
scrub species, such as greasewood, and other chenopods
began to replace coniferous woodlands (see figure 4, chapter
one).  At higher elevations in the southern Bonneville basin
bristlecone pine disappears from some of the smaller moun-
tain ranges such as the Confusion Range (Wells, 1983).  This
change in flora was far from uniform and many subalpine
species continued to be present in areas of cold air drainage,
on north-facing slopes and along stream channels.

If Dansgaard-Oeschger cycles can be said to start with a
warming event, then it may be that this short but intense
warm period dating to ~11.3-11.2 ka may more correctly be
placed with the well-known Younger Dryas climatic period
which followed.  Until local proxy data are better controlled
chronologically, however, the break between climatic cycles
can be placed at ~10.9 ka.

10,900-9950 YR B.P.  

Global climatic conditions are relatively well known for
the Younger Dryas.  In ice core records, it is characterized by
a rather abrupt return to near full-glacial conditions and by a
high degree of annual to decadal climatic volatility (figure
115; Mayewski and others, 1993).  Securely dated continen-
tal records (see Birks and Mathews, 1978; Denton and
Hendy, 1994; Björck and others, 1996) place the beginning
of the Younger Dryas no earlier than 11.2 ka and the end at
~10 ka (note the slightly different age range for the Younger
Dryas).  In the Bonneville basin, the Younger Dryas may be

correlated with a return of Lake Bonneville (after this period
called Great Salt Lake) to relatively high levels (Oviatt and
others, 1992).  The presence of diving ducks in the Home-
stead Cave record at this time is consistent with a large lake
during this period, although the Old River Bed sequence sug-
gests stream flow was much reduced as compared to the ear-
lier regressive-phase lake cycle (Oviatt and Madsen, 2000).
The lake may have been deep enough and cold enough to
support the restocking of the entire Lake Bonneville fish
fauna, but, if so, species adapted to warmer and more saline
conditions were more successful.  By ~10.4 ka no fish were
present in the lake, however.  The high-elevation lake in
Huntington Canyon also refilled during this period (Madsen,
2000).  On a global scale, the Younger Dryas appears to have
been more seasonally equable than following periods
(Zielinski and Mershon, 1997) and there is some evidence,
derived primarily from insects in the Huntington Canyon
lake deposits (Elias, 1996), that seasonal equability is also
characteristic of the period in the Bonneville basin and adja-
cent areas.

At lower elevations, vegetation in the Bonneville basin
during this period was composed primarily of open brush
communities with limited amounts of woodland elements.
While these are primarily the same xeric desert shrubs found
in the area today, such as sagebrush, shadscale, horsebrush,
snakeweed and rabbitbrush, their distribution was different.
The Homestead Cave faunal record, for example, suggests
that a relatively more mesic sagebrush/grass community
was growing in areas now covered with greasewood and
horsebrush.  Limber pine and common juniper were largely
gone and neither Utah juniper nor pinyon pine had yet invad-
ed.  Rocky Mountain juniper was common in the Bonneville
basin, but was not present around Homestead Cave.  Wood-
peckers in the Homestead Cave sequence suggest that many
of the small, dry washes common on lower elevation Bon-
neville basin slopes contained enough water to support ripar-
ian communities including small deciduous trees such as
chokecherry.  Along stream channels at slightly higher ele-
vations, limber pine and subalpine fir continued to grow.

Most of Stratum I at Homestead Cave was deposited
during this period.  An array of small mammal species, such
as the pygmy rabbit, marmot, bushy tailed woodrat and
northern pocket gopher, currently common to mid-elevation
and higher locations today, were present at lower elevations
during the period.  The distribution of larger herbivores is not
well known, but there is no record of now-extinct megafau-
na and the array of large mammal species appears to have
been largely similar to that found today.  Overall conditions
can be characterized as those of an open, cold, desert steppe,
with sagebrush communities dominating lower slopes and
extending down into valley locations.  Tree-lined stream
channels extended well down into valley locations, but
woodlands between these riparian stringers were more limit-
ed than at present.

9950-8000 YR B.P. 

About 10.1 ka Lake Bonneville (after this period called
Great Salt Lake) dropped abruptly, but consistent with the
pattern of Dansgaard-Oeschger cycles, rose once more to an
elevation of ~1290 m.  This lake cycle probably peaked
sometime prior to 9 ka. (Murchison, 1989a), but is as yet
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poorly investigated and undated.  Murchison and Mulvey
(2000), however, suggest a date of ~9.7 ka obtained by Rubin
and Alexander (1958) on materials from the Weber River
delta may date this episode.  The Little Cottonwood Canyon
glacier retreated past Albion bog near the head of the canyon
by ~9.6 ka, but was likely still present in its upper reaches.  A
deglacial pause resulting in deposition of the Devils Castle
till occurred sometime between ~9.6 and ~7.5 ka and may
correlate with the early Holocene lake oscillation (Madsen
and Currey, 1979).  Water continued to flow in the Old River
Bed until as late as 9 ka (Oviatt and Madsen, 2000).  Begin-
ning with this period and continuing through the rest of the
Holocene, ice core records indicate  less annual to decadal
volatility, but conversely greater seasonal differences in tem-
peratures (Ditlevsen and others, 1996).

At Homestead Cave the deposits in Strata II, III, and
possibly IV and V, were deposited during this period.  Faunal
data suggest conditions continued to be cooler and moister
than at present, but the percentages of many species such as
pygmy rabbit, Ord’s kangaroo rat, the little  pocket mouse,
bushy tailed woodrat, marmot and northern pocket gopher
are substantially smaller than in Stratum I and decrease in
numbers throughout the period.  The number of waterfowl
decreases as well, but the variety of other birds increases,
suggesting more diverse habitats were present near the cave.
Midden data suggest xerophytic sagebrush and shadscale
scrub communities continued to dominate lowland areas, but
also show that conditions were somewhat cooler and/or
moister than present.  Limber pine continued to grow at rel-
atively low elevations in sheltered montane locations and at
lower overall elevations than at present (Rhode and Madsen,
1998).  Pollen records from Swan Lake at the northern
extreme of the Bonneville basin (Bright, 1966) suggest a
two-step change during the period, with spruce/pines rapidly
replaced by sagebrush steppe shortly before 10 ka and
a transition to sagebrush/shadscale steppe after ~9 ka.  Sim-
ilar sequences are found at nearby Grays Lake (Beiswenger,
1991) and Ruby Marsh to the west (Thompson, 1992a), but
the change is more precisely dated to between ~8.5 and 8.0
ka.  Hackberry began to grow around Homestead Cave at this
time.  Since hackberry prefers rocky substrates where it can
absorb water trapped in cracks, its presence suggests condi-
tions were dryer than during the preceding period but still
moister than now.  Rocky Mountain juniper expanded its
range during this period, but Utah juniper began to invade the
Bonneville basin, particularly to the south.  This distribution
appears to have been controlled by climatic conditions and
suggests summer temperatures may have been as much as 3-
5°C colder than present.

8000-7000 YR B.P. 

At or slightly prior to 8 ka a major shift to warmer con-
ditions in the Bonneville basin appears to have occurred
rather rapidly.  By the end of the period Little Cottonwood
Canyon was fully deglaciated.  A ratio of conifer pollen to all
other pollen at Snowbird Bog used as a gauge of temperature
shows a rapid transition from minimum Holocene cool tem-
peratures to maximum warm levels shortly before 8 ka (fig-
ure 5, chapter one).  This event is likely related to the
changes cited above in the Swan Lake, Grays Lake and Ruby
Marsh records.  At least one and possibly two oscillations of

Great Salt Lake levels occurred during this period, but these
are well within the elevation of modern short-term fluctua-
tions (Murchison, 1989a).  Murchison and Mulvey (1999),
for example, report a date of 7650 ± 90 yr B.P. on marsh
deposits associated with a lake rise to 1283 m, an elevation
well within the envelope of the historical record.

It is during this climatic cycle that pinyon pine first
makes its appearance in the Bonneville basin.  Its migration
may, in part, be related to its use by people, as the earliest
record is from Danger Cave where pinyon nut hulls first
appear in the cave’s archaeological record between ~7.4 and
~6.7 ka (Rhode and Madsen, 1998).  At Homestead Cave, the
number of hackberry endocarps drops off markedly after 8.2
ka, suggesting a marked drying trend occurred at that time.
This is associated with a reduction in the diversity of avian
species caused primarily by the disappearance of waterfowl.
Gulls also disappear from the record after Stratum IV.
Upland small mammal species such as Ord’s kangaroo rat,
pygmy rabbit, bushy tailed woodrat and marmot virtually
disappear from the record.  Trees may have been restricted to
small riparian stands of deciduous species at medium to high
elevations.  Greasewood and horsebrush replaced sagebrush
around Homestead Cave.  The dominant juniper in the north-
ern Bonneville basin continued to be Rocky Mountain
juniper rather than Utah juniper and a number of species,
such as mormon tea, had not yet made their appearance.

Overall, perhaps the greatest environmental change in
the Homestead Cave record takes place between this period
and the preceding climatic cycle.  After ~8.2 ka, there is a
significant reduction in the diversity of animals, and proba-
bly plants as well.  Simply put, the late Pleistocene and early
Holocene in the Bonneville basin were significantly richer, in
terms of numbers of small mammal species, than was the
remainder of the Holocene.  This trend is reversed in the
avian fauna, where the loss of waterfowl is countered by the
presence of more terrestrial taxa.

7000-5300 YR B.P.

Environmental records for the middle Holocene in the
Bonneville basin are relatively sparse.  During this period
Great Salt Lake may have dried up almost completely, with
desiccation polygons forming at what is now the deepest area
of the lake (Currey, 1980), but appears to have rebounded by
~5.9 ka to an elevation of ~1283 m (4210 ft) (Murchison,
1989a; Murchison and Mulvey, 2000).  A sudden surge in
conifer pollen at Curelom Cirque in the Raft River Moun-
tains may be related to this 6 ka lake peak (Mehringer and
others, 1971).  A change in sagebrush/saltbush ratios at
Hogup Cave (Harper and Alder, 1970) also suggests a brief
period of greater effective moisture.  The Ruby Marsh record
suggests shadscale replaced sagebrush in many low-eleva-
tion areas (Thompson, 1992a), and maximum Holocene
warm temperatures continued to be recorded at the high-ele-
vation Snowbird Bog locality, although here, too, a brief,
slightly cooler period is recorded (Madsen and Currey,
1979).  Both Utah juniper and pinyon pine expanded their
range in the Bonneville basin during this time, but a paucity
of middens containing these species indicates their distribu-
tion was spotty at best.  Limber pines were eliminated from
all low-elevation areas, including cold air drainages.

Strata VII through X were likely deposited at Homestead
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Cave during this climatic cycle.  Beginning in Stratum VII,
Horned Larks, which prefer open shrub habitats with sparse
vegetation, along with other passerine birds with similar
adaptations, increase in frequency.  The frequency of ducks
and shorebirds is also at its lowest during this climatic cycle
and the following period.  Neotoma fecal pellets are com-
pletely absent from the deposits in Strata VI-XI, suggesting
their extirpation from the immediate vicinity of the cave.
However, the desert woodrat continued to be collected from
the higher elevations of the Lakeside Mountains and deposit-
ed in the cave by raptors.  Artiodactyl fecal pellets show a
marked cyclicity in frequency suggesting they may be relat-
ed to the relative abundance of forage locally.  

The proportion of the chisel-toothed kangaroo rat to
Ord’s kangaroo rat is extremely high in Strata VII-X, sug-
gesting that shadscale largely replaced sagebrush around
Homestead Cave throughout most of this period.  A small
deviation in that trend in Stratum IX dated to ~6 ka may cor-
respond to a similar shift in the Hogup Cave record.  The
number of harvest mice is also extremely low throughout the
period, indicating there was a marked reduction in grass
cover and other herbaceous vegetation.  Great Basin pocket
mice became locally extinct.  Together the small mammal
and bird record suggests sagebrush/grass communities in the
northern Lakeside Mountains were largely replaced by open
shadscale scrub communities with little ground cover.

5300-4400 YR B.P.

Environmentally, this middle Holocene climatic cycle is
almost indistinguishable from the period that preceded it.
Isotope records from Great Salt Lake cores suggest an oscil-
lation event occurred during the period (McKenzie and Eber-
li, 1987), but there is as yet no shoreline evidence for such a
cycle (Murchison, 1989a).  However, an increase in artio-
dactyl fecal pellets in Stratum X at Homestead Cave may
correspond to such an event.  Murchison and Mulvey (2000)
interpret a Holocene sequence on Antelope Island to indicate
a mean lake-level elevation of 1280 m or lower during this
period.  Pollen in a core from Great Salt Lake indicates the
proportion of sagebrush and conifers relative to shadscale
and other Chenopodiaceae returns to modern levels after
being at their Holocene low during the preceding period
(Mehringer, 1985).  At Snowbird Bog, conditions become
markedly cooler after ~5.3 ka, but the upper part of the
sequence is poorly dated and it is unclear to what climatic
cycle this cooling event may be related. 

At other localities, such as the Ruby Marsh and Swan
Lake, there is little record of environmental change during
this climatic cycle.  The period is poorly represented in the
Homestead Cave faunal sequence, but what is there also
shows little change from the preceding period.  However,
both pinyon pine and Utah juniper continued to expand
towards their modern woodland distributions.  Rocky Moun-
tain juniper was still present at lower elevations in the north,
but in the southern Bonneville basin it had largely been
replaced by Utah juniper.  The direction of this replacement
seems to have been from southeast to northwest.  The migra-
tion route followed by single leaf pinyon is not yet clear, and
it appears to have continued to expand its territory into his-
torical times.  By the end of this climatic cycle, however,
pinyon was likely present on all the major mountain ranges

where it occurs at present.  These changes are probably relat-
ed more to ongoing vegetational dynamics involving the
Pleistocene/Holocene transition than to millennial-scale cli-
matic changes.

4400-2950 YR B.P.

A gradual return to cooler temperatures was initiated in
this climatic cycle.  After ~4.4 ka in the Ruby Marsh, shad-
scale was reduced at the expense of sagebrush and the water
depth increased.  At Crescent Spring in the Great Salt Lake
Desert, conifer and sagebrush pollen increase at the expense
of shadscale and other xeric desert scrub vegetation
(Mehringer, 1985).  Towards the end of this period, at ~3.1
ka in the Swan Lake record, the sagebrush steppe was par-
tially replaced by lower conifer zones.  Isotope records from
Great Salt Lake suggest that this cycle, as with others, start-
ed with a warming period, but grew increasingly colder
(McKenzie and Eberli, 1987), with a lake cycle peaking at
~1284 m  dating to ~3.4 ka (Murchison, 1989a).

At Homestead Cave, these cooler conditions are marked
by the reappearance of small numbers of ducks and shore-
birds, and by the return of woodrats to the cave itself (desert
woodrats continued to be present in the northern Lakeside
Mountains throughout the middle Holocene).  The size of
some fecal pellets suggest that at least some of these may
have been bushy-tailed woodrats, although only one tooth
(an M1) of several hundred Neotoma teeth from Stratum XIII
is likely to represent N. cinerea.  The endocarps of hackber-
ry also reappear in the record, although only in small num-
bers.  In Stratum XI and later there is an increase in taxo-
nomic richness in the avian fauna, suggesting an increased
diversity of local habitats.  However, the change in the over-
all composition of local plant communities was probably rel-
atively minor, as Horned Larks and other passerine birds
continue to dominate the avian record.  A midden from the
Lakeside Mountains dating to ~3.0 ka contains vegetation
much like that found locally at present, but also contains
Utah juniper which may have been growing at slightly lower
elevations.

Utah chub occurs in large enough numbers in Strata XII-
XIII to suggest these moderately salt-tolerant fish may have
been able to survive in the waters of Great Salt Lake, partic-
ularly where freshwater springs and rivers created slightly
fresher conditions.  Waterfowl also return to the Homestead
Cave record in Stratum XIII and increase in relative abun-
dance thereafter.  These are primarily shallow-water ducks,
however, suggesting that lake waters were not very deep in
the vicinity of the northern Lakeside Mountains.  The small
mammal record is limited for this period, since the Stratum
XIII materials were not analyzed, but species such as harvest
mice return to the record in Stratum XII and the proportion
of chisel-toothed kangaroo rats to Ord’s kangaroo rats is
lower in Stratum XIV than anytime during the last 8000
years.  Together these species suggest a return of sagebrush-
grass communities to the Homestead Cave foraging area.

2950-2400 YR B.P.

The degree of change associated with this climatic cycle
is one of the most dramatic of any in the Bonneville basin
during the Holocene.  A major cooling event, associated with
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renewed glaciation (found in many Rocky Mountain loca-
tions, but not yet locally), is evident in virtually all the biot-
ic records and in both shoreline and core records from Great
Salt Lake.  Middens from Antelope Island, the northern
Promontory Mountains and the Cricket Mountains all sug-
gest lower Utah juniper tree lines were reduced by ~50-100
m or more during this period.  Both isotope (McKenzie and
Eberli, 1987) and pollen (Mehringer, 1985) records indicate
a freshening of lake waters between ~3 and ~2 ka, and shore-
line data (Currey, 1990) suggest that the lake reached a max-
imum of ~1287 m and flooded the Great Salt Lake Desert as
far west as the Utah/Nevada border (figure 10, chapter two).

Unfortunately, distinguishing between climatic cycles
during the late Holocene is difficult due to both the brevity of
the cycles and the poor chronological controls associated
with many biotic records.  At Crescent Spring, for example,
the pollen record (Mehringer 1985) suggests several periods
of greater effective moisture are separated by intervals of
warmer and dryer conditions over the course of the last 4000
years.  Determining how these cycles may be related to
Dansgaard-Oeschger cycles evident in the ice core records,
or even if they are, is difficult due to a limited number of
radiocarbon dates.  At Homestead Cave the deposits we were
able to recover stratigraphically may not be sensitive enough
to distinguish individual cycles.  For example, it is likely the
fish in Strata XII and XIII identified as part of an earlier
cycle are related to the neoglacial lake highstand described
here.  For the most part it appears that modern plant commu-
nities were well established by 3.0 ka, with mormon tea pos-
sibly being the last major taxa to be added (Wigand and
Rhode, in press), and that the last climatic cycles of the Holo-
cene are marked by variations in proportions, but not in
kinds, of plant and animal species.  An exception is Rocky
Mountain juniper, which continued to be a major component
of woodland communities in some areas until after ~2.0 ka.

2400-550 YR B.P.

Previous research suggests lake-level oscillations associ-
ated with this climatic cycle were modest, with the lake
reaching elevations of ~1283 m following an initial regres-
sion (Murchison, 1989a; Currey, 1990).  Many of the beach
features at this elevation along the eastern margin of the lake
are associated with archaeological sites and this has infor-
mally been called the “Fremont” beach.  At Swan Lake,
warmer conditions ~ 1.7 ka are suggested by increasing lev-
els of sagebrush pollen relative to that of conifers.  Howev-
er, after Utah juniper finally replaced Rocky Mountain
juniper in the Silver Island Mountains after ~1.9 ka, the few
Bonneville basin middens dating to this period indicate veg-
etation patterns were essentially modern in character.  To-
gether these other data indicate overall temperature and
moisture changes likely fluctuated within the envelope of
modern weather patterns.

The Homestead record, on the other hand, suggests
much more dramatic changes occurred during this period,
changes equal to or exceeding those associated with the
neoglacial.  An initial warm period, with concomitant lower
lake levels, is reflected in the absence of fish remains in Stra-
tum XV.  Utah chub returns with a vengeance in Strata XVI
and XVII, however, in proportions significantly higher than
in the earlier neoglacial period.  Since Stratum XVII is dated

to ~1.2 ka, it is likely the relatively fresher  lake water in
which these fish thrived is associated with the “Fremont”
beach and it is possible this lake rise reached much higher
elevations.  Alternatively, a subsequent lake rise to elevations
sufficient to flood the Great Salt Lake Desert (see below) is
currently undated and may relate to this period.  Hackberry
endocarps are common in Strata XV-XVII, indicating signif-
icantly moister conditions in the Homestead Cave vicinity.
Voles return in small numbers in Strata XVI and XVII and
the ratio of Great Basin pocket mice to little pocket mice in
these same strata increases to levels not seen since the early
Holocene.  Bushy-tailed woodrat skeletal remains make a
significant return to the record in Stratum XVII.  Harvest
mice also reach their Holocene peak in Strata XVI and XVII.
This may be related to an increase in grass pollen at stratified
Bonneville basin archaeological sites dating to this period.
Wigand and Rhode (in press) suggest that this is related to an
increase in summer moisture which promoted growth of
ephemeral plant species.

550-50 YR B.P.

The final Holocene climatic cycle is characterized by a
transgression of Great Salt Lake to what is called the “late
prehistoric high” (Currey, 1990).  During a period that is
undated, but may be correlated with the “Little Ice Age” in
Europe, the lake expanded well into the Great Salt Lake
Desert, reaching an elevation of ~1285 m (4217 ft).  There is
no evidence of any significant change in the kinds and distri-
bution of plant and animal species, and modern communities
seem to be firmly established at this time.  Between ~.7-.6 ka,
widespread drought caused dramatic changes in the distribu-
tion and subsistence focus of prehistoric peoples in the
region, with farmers dependent on corn, bean and squash
crops shifting to full-time foraging (Madsen and Simms,
1998).  Harper and Alder (1970, 1972), using plant remains
from Bonneville basin cave sites, suggest that the last 600 to
1000 years have been the warmest and driest of the entire
Holocene.

SUMMARY

The Homestead Cave faunal materials, together with the
plant macrofossil record from woodrat middens, provides an
unusually coherent, comprehensive and consistent picture of
environmental change in the eastern Great Basin during the
late Pleistocene and Holocene.  In large measure this is due
to three factors: (1) an extensive testing program designed to
identify and excavate a deeply stratified cave site relatively
uncontaminated by human foragers, (2) the tight stratigraph-
ic controls employed during the cave excavations, and (3) the
extensive use of radiocarbon dating (more than 100 samples
were analyzed over the course of the project) to provide a
chronological framework into which the collected data could
be fitted.  This project structure helped to significantly
reduce the contradictions that often appear when disparate
types of biotic and physical terrestrial records are brought
together.

The climatic signals provided by these diverse proxy
records suggest that the millennial-scale climatic cycles evi-
dent in ice core and sea core records appear to be present in
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the Bonneville basin as well.  These often are initiated by a
rapid increase in temperatures, followed by a return to mod-
erate temperatures, and end with a cool-temperature phase.
The cycles play out against a backdrop of longer-term cli-
matic changes, and thus average temperatures and effective
moisture regimes differ from one cycle to the next.  These
longer-term changes have been recognized by paleoecolo-
gists for much of this century, with the early Holocene being
defined as cooler and moister, the middle Holocene being
warmer and dryer, cool/moist conditions returning during the
late Holocene, and finally modern conditions being estab-
lished in the last several thousand years.  What has been
added with the detection of millennial-scale changes is the
recognition that local climates can undergo major changes
abruptly, often within years or decades.  These millennial-
scale cycles are locally most evident in lake-level fluctua-
tions which appear to be more sensitive than plant and ani-
mal communities to the shorter-term climatic events.  These
communities are not immune to change, and particularly
long or intense cycles are clearly reflected in the biotic
record.  For example, a tree ring record from the Grant
Range just west of the central Bonneville basin clearly
records four millennial-scale climatic cycles in the last 4500
years (figure 116).  Like Dansgaard-Oeschger cycles, each of

these is characterized by a relatively rapid and intense
change in climate state followed by a gradual return to the
initial condition.

The dating of these cycles is not well controlled, partic-
ularly at the local level, and some refinement of the sequence
reviewed above is to be expected.  Moreover, some apparent
conflict in proxy indicators of climate is also to be expected
since these data are differentially sensitive to climate change.
For example, mature limber pines may be able to tolerate
changes associated with abrupt climate events that seedlings
and younger trees may not, and evidence of the change may
be delayed until these mature trees eventually die.  Despite
the current ambiguity about the timing of these events, and
about the extent of change during any particular cycle, it is
becoming increasingly clear that they are present in the paleo-
ecological record of the Bonneville basin.  These cycles add
to the already complex interpretation of environmental
change.  The data presented here, together with existing in-
formation from in and around the Bonneville basin, suggest
that modern plant and animal communities are part of a long
trajectory of a constantly changing species matrix.  Within
this trajectory, however, lies a recurring pattern of environ-
mental change related to global millennial-scale climatic
events.
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Figure 116. Bristlecone pine tree-ring index series for Indian Garden, Grant Range, Nevada plotted with a 250-year running smoother (see figure
111).  Note the close correlation between the millennial-scale climatic cycles evident in the record and Dansgaard-Oeschger cycles evident in Green-
land ice core records.  The peak events also closely match abrupt Holocene climate shifts recorded by Bond and others (1997) in the North Atlantic.





Abramsky, Z., and Rosenzweig, M. L., 1984, Tilman’s predict-
ed productivity-diversity relationship shown by desert
rodents: Nature, v. 309, p.150-151.

Abramsky, Z., Brand, S., and Rosenzweig, M. L., 1985, Geo-
graphical ecology of gerbilline rodents in sand dune habi-
tats of Israel: Journal of Biogeography, v. 12, p. 363-372.

Aikens, C. M., 1970, Hogup Cave: University of Utah Anthro-
pological Papers 93, 286 p.

Aikens, C. M. and Madsen, D. B., 1986, Prehistory of the east-
ern area, in D’Azevedo, W. L. editor, Handbook of North
American Indians, volume 11, Great Basin: Washington,
D.C., Smithsonian Institution Press, p. 149-160.

Albee, B., Shultz, L., and Goodrich, S., 1988, Atlas of the vas-
cular plants of Utah: Utah Museum of Natural History
Occasional Publication 7, 670 p.

Alley, R. B., Meese, D. A., Shuman, C. A., Gow, A. J., Taylor,
K. C., Grootes, P. M., White, J. W. C., Ram, M., Wadding-
ton, E. D., Mayewski, P. A., and Zielinski, G. A., 1993,
Abrupt increase in Greenland snow accumulation at the end
of the Younger Dryas event: Nature, v. 362 p. 527.

Anderson, D. E., and Rongstad, O. J., 1989, Home-range esti-
mates of red-tailed hawks based on random and systematic
relocations: Journal of Wildlife Management, v. 53 p. 802-
807.

Andrews, P., 1990, Owls, caves and fossils: Chicago, Universi-
ty of Chicago Press, 231 p. 

Andrews, P., and Evans, E. M. N., 1983, Small mammal bone
accumulations produced by mammalian carnivores: Paleo-
biology, v. 9, p. 289-307.

Andrews, R. L., Adovasio, J. M., and Whitley, T. G., 1988, Per-
ishable artifacts from Lakeside Cave (42BO385), Utah:
Great Basin Anthropology Conference, 21st Biennial meet-
ing, Park City, Utah, Abstracts, p. 19.

Antevs, E., 1945, Correlation of Wisconsin glacial maxima:
Journal of Science v. 243-A, p. 1-39.

Antevs, E., 1948, Climatic changes and pre-white man, in The
Great Basin, with emphasis on postglacial times: Bulletin
of the University of Utah 38 (20), Biological Series, v. 10
(7), p. 167-191.

Antevs, E., 1955, Geologic-climatic dating in the West: Ameri-
can Antiquity, v. 20, p. 317-335.

Arkush, B. S., 1991, An archaeological assessment of a pro-
posed fiber optics data transmission system right of way
located on lands administered by the United States Air
Force in Tooele and Box Elder Counties, Utah: Antiquities
Section, Utah Division of State History, Salt Lake City,
Utah (on file).

Arkush, B. S., 1994, An archaeological assessment of the Unit-
ed States Air Force Utah Test and Training Range: The
1994 field season: Antiquities Section, Utah Division of
State History, Salt Lake City, Utah (on file).

Arkush, B. S., Workman, G. W., and Fawcett, W. B., 1992, A
1991 Archaeological assessment of U. S. Air Force desig-
nated lands in Utah: Antiquities Section, Utah Division of
State History, Salt Lake City, Utah (on file).

Arkush, B. S., and Workman G. W., 1993a, An archaeological
assessment of the U. S. Air Force Utah Test and Training
Range: The 1992 Field Season: Antiquities Section, Utah
Division of State History, Salt Lake City, Utah (on file).

Arkush, B. S., and Workman G. W., 1993b, An archaeological
assessment of the U. S. Air Force Utah Test and Training

Range: The 1993 Field Season: Antiquities Section, Utah
Division of State History, Salt Lake City, Utah (on file).

Atwater, T., 1970, Implications of plate tectonics for the Ceno-
zoic evolution of western North America: Geological Soci-
ety of America Bulletin, v. 81, p. 3513-3536.

Axelrod, D. I., 1976, History of the coniferous forests, Califor-
nia and Nevada: University of California Publications in
Botany, v. 70, p. 1-62.

Axelrod, D. I., and Bailey, H. P., 1969, Paleotemperature analy-
sis of tertiary floras: Palaeogeography, Palaeoclimatology,
Palaeoecology, v. 6, p. 163-195.

Bailey, R. M., and Bond, C. E., 1963, Four new species of fresh-
water sculpins, genus Cottus, from western North America:
University of Michigan Museum of Zoology Occasional
Papers, v. 634, p. 1-27.

Barnosky, A. D., and Rasmussen, D. L., 1988, Middle Pleis-
tocene arvicoline rodents and environmental change at
2900-meters elevation, Porcupine Cave, South Park, Col-
orado: Carnegie Museum Annals, v. 57, p. 267-292.

Bartlein, P. J., Edwards, M. E., Shafer, S. L., and Barker, E. D.,
Jr., 1995, Calibration of radiocarbon ages and the interpre-
tation of paleoenvironmental records: Quaternary
Research, v. 44 p. 417-424.

Baumhoff, M., and Heizer, R. F., 1965, Postglacial climate and
archaeology in the desert West, in Wright, H. E., Jr., and
Frey, D., editors, Quaternary of the United States: Prince-
ton, Princeton University Press, p. 697-707.

Becker, G. C., 1983, Fishes of Wisconsin: Madison, Wisconsin,
University of Wisconsin Press, 1052 p.

Beeson, C. D., 1974, The distribution and synecology of Great
Basin pinyon-junipers [M.S. thesis]: Reno, University of
Nevada, 95 p.

Behle, W. H., Sorensen, E. D., and White, C. M., 1985, Utah
birds -- A revised checklist: Utah Museum of Natural His-
tory Occasional Publication 4, 108 p.

Behnke, R. J., 1981, Systematic and zoogeographical interpre-
tation of Great Basin trouts, in Naiman, R. J., and Soltz, D.
L., editors, Fishes in North American Deserts: New York,
John Wiley and Sons, p. 95-124.

Beiswenger, J. M., 1991, Late Quaternary vegetational history
of Grays Lake, Idaho:  Ecological Monographs, v. 61, p.
165-182.

Belk, M. C., and Smith, H. D., 1991, Ammospermophilus leu-
curus: Mammalian Species, v. 368, 8 p.

Benson, L. V., 1994, Carbonate deposition, Pyramid Lake sub-
basin, Nevada -- 1. Sequence of formation and elevational
distribution of carbonate deposits (tufas): Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 109, p. 55-126.

Benson, L. V., Burdett, J. W., Kashgarian, M., Lund, S. P.,
Phillips, F. M., and Rye, O. R., 1997, Climatic and hydro-
logic oscillations in the Owens Lake Basin and adjacent
Sierra Nevada, California: Science, v. 272, p. 746-749.

Benson, L. V., Currey, D. R., Dorn, R. I., Lajoie, K. R., Oviatt,
C. G., Robinson, S. W., Smith,G. I., and Stine, S., 1990,
Chronology of expansion and contraction of four Great
Basin lake systems during the past 35,000 years: Palaeo-
geography, Palaeoclimatology, Palaeoecology, v. 78, p.
241-286.

Benson, L., Currey, D., Yong, L., and Hostetler, S., 1992, Lake-
size variations in the Lahontan and Bonneville basins
between 13,000 and 9000 14C yr B.P.: Palaeogeography,

177Late Quaternary paleoecology in the Bonneville basin

REFERENCES



Palaeoclimatology, Palaeoecology, v. 95, p. 19-32.
Benson, L., May, H. M., Antweiler, R. C., Brinton, T. I., Kash-

garian, M., Smoot, J. P., and Lund, S. P., 1998, Continuous
lake-sediment records of glaciation in the Sierra Nevada
between 52,600 and 12,500 14C yr B.P.: Quaternary
Research, v. 50, p. 113-127.

Benson, L. V., and Thompson, R. S., 1987, The Physical Record
of Lakes in the Great Basin, in Ruddiman, W. F., and
Wright, Jr., H. E., editors, North America and adjacent
oceans during the last deglaciation: Boulder, Colorado,
Geological Society of America, The Geology of North
America, v. K-3, p. 241-260. 

Bent, A. C., 1939, Life histories of North American woodpeck-
ers: New York, Dover Publications Inc., 334 p. 

Betancourt, J. L., 1990, Late Quaternary biogeography of the
Colorado Plateau, in Betancourt, J. L., Van Devender, T. R.,
and Martin, P. S., editors, Packrat middens -- the last 40,000
years of biotic change: Tucson, University of Arizona
Press, p. 259-292.

Betancourt, J., Van Devender T. R., and Martin P. S. editors,
1990, Packrat middens -- the last 40,000 years of biotic
change: Tucson, University of Arizona Press, 462 p.

Billings, W. D., 1990, The mountain forests of North America
and their environments, in Osmond C. B., Pitelka L. F., and
Hidy G. M., editors, Plant Biology of the Basin and Range:
Berlin, Springer-Verlag, Ecological Studies, v. 80, p. 47-86.

Bills, B. G., Currey, D. R., and Marshall, G. A., 1994, Viscosity
estimates for the crust and upper mantle from patterns of
lacustrine shoreline deformation in the Eastern Great Basin:
Journal of Geophysical Research, v. 99 (no. B11), p.
22,059-22,086.

Bills, B. G., and May, G. M., 1987, Lake Bonneville -- Con-
straints on lithospheric thickness and upper mantle viscosi-
ty from isostatic warping of Bonneville, Provo, and Gilbert
stage shorelines: Journal of Geophysical Research, v. 92
(no. B11), p. 11,493-11,508.

Binford, L. R., 1984, Faunal remains from Klasies River mouth,
New York: Academic Press, 283 p.

Birkeland, P. W., 1984, Soils and Geomorphology: New York,
Oxford University Press, 372 p.

Birks, J.C., and Mathews, R., 1978, Studies in the vegetational
history of Scotland: New Phytologist, v. 80, p. 455-484.

Björck, S., Kromer, B., Johnsen, S., Bennike, O., Hammarlund,
D., Lemdahl, G., Possnert, G., Rasmussen, T.L., Wohlfarth,
B., Hammer, C. U., and Spurk, M, 1996, Synchronized ter-
restrial-atmospheric deglacial records around the North
Atlantic: Science, v. 274, p. 1155-1160.

Boal, C. W., and Mannan, R. W., 1996, Prey sizes of male and
female northern goshawks: The Southwestern Naturalist, v.
41, p. 355-358.

Bogiatto, R. J., in prep., Dietary analysis of the Great Horned
Owl, Bubo virginianus, Eagle Lake, California. 

Bond, G., Showers, W., Cheseby, M., Lotti, R., Almasi, P.,
deMenocal, P., Priore, P., Cullen, H., Hajdas, I., and
Bonani, G., 1997, A pervasive millennial-scale cycle in
North Atlantic Holocene and glacial climates: Science, v.
278, p. 1257-1266. 

Boggs, S., Jr., 1987, Principles of sedimentology and stratigra-
phy: Columbus, Ohio, Merrill, 784 p.

Bouchard, D. P., 1997, Quaternary Bear River paleohydrogeog-
raphy reconstructed from the 87Sr/86Sr composition of
lacustrine fossils [M. S. Thesis]: Logan, Utah State Univer-
sity, 92 p.

Bouchard, D. P., Kaufman, D. S., Hochberg, A., and Quade J.,
1998, Quaternary history of the Thatcher Basin, Idaho
reconstructed from the 87Sr/86Sr and amino acid composi-
tion of lacustrine fossils -- Implications for the diversion of
the Bear River into the Bonneville Basin: Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 141, p. 95-114.

Brain, C. K., 1981, The hunters or the hunted? An introduction
to African cave taphonomy: Chicago, University of Chica-
go Press, 365 p. 

Bright, R. C., 1963, Pleistocene lakes Thatcher and Bonneville,
southeastern Idaho [Ph.D. dissertation]: Minneapolis, Uni-
versity of Minnesota, 292 p.

Bright, R. C., 1966, Pollen and seed stratigraphy of Swan Lake,
southeastern Idaho: Its relation to regional vegetational his-
tory and to Lake Bonneville: Tebiwa, v. 9, p. 1-47.

Bright, R. C., 1967, Late-Pleistocene stratigraphy in Thatcher
Basin, southeastern Idaho: Tebiwa, v. 10, p. 1-7.

Bright, R. C., and Davis, O. K, 1982, Quaternary paleoecology
of the Idaho National Engineering Laboratory, Snake River
Plain, Idaho: American Midland Naturalist, v. 108, p. 21-
33.

Broughton, J. M., 2000, Terminal Pleistocene fish remains from
Homestead Cave, Utah, and implications for fish biogeog-
raphy in the Bonneville Basin: Copeia, v. 2000, p. 645-656.

Brown, J. H., 1971, Mammals on mountaintops -- nonequilibri-
um insular biogeography: American Naturalist, v. 105, p.
467-478.

Brown, J. H., 1973, Species diversity of seed-eating desert
rodents in sand dune habitats: Ecology, v. 54, p. 775-787.

Brown, J. H., 1975, Geographical ecology of desert rodents, in
Cody, M. L., and Diamond, M. L., editors, Ecology and
Evolution of Communities: Cambridge, Belknap Press of
Harvard University Press, p. 315-341. 

Brown, J. H., 1978, The theory of insular biogeography and the
distribution of boreal birds and mammals, in Harper, K. T.,
and Reveal, J. L., editors, Intermountain biogeography -- a
symposium: Great Basin Naturalist Memoirs, v. 2, p. 209-
227.

Brown, J. H., and Gibson, A. C., 1983, Biogeography: St. Louis,
C.V. Mosby, 643 p.

Brown, J. H., and Lomolino, M. V., 1998, Biogeography, second
edition: Sunderland, Mass., Sinauer Associates, 691 p.

Butler, V. L., and Chatters, J. C., 1994, The role of bone densi-
ty in structuring prehistoric salmon bone assemblages:
Journal of Archaeological Science, v. 21, p. 413-424.

Cade, T. J., 1982, The falcons of the world: Ithaca, NY, Cornell
University Press, 188 p.

Call, R. E., 1884, On the Quaternary and Recent Mollusca of the
Great Basin: Bulletin of the U.S. Geological Survey,  v. 11,
p. 13-67.

Carpenter, D. M., 1985, An introduction to Great Salt Lake
effect snowfall, in Kay, P. A., and Diaz, H. F., editors, Prob-
lems of and prospects for predicting Great Salt Lake levels:
Center for Public Affairs and Administration, University of
Utah, p. 155-165.

Carroll, L. E., and Genoways, H. H., 1980, Lagurus curtatus:
Mammalian Species, v. 124, 6 p. 

Cavender, T. M., 1978, Taxonomy and distribution of the bull
trout -- Salvelinus confluentus (Suckley), from the Ameri-
can northwest: California Fish and Game v. 64, p.139-174.

Chamberlain, R. V., and Jones, D. T., 1929, The Mollusca of
Utah: Bulletin of the University of Utah, v. 19(4), 203 p.

Chapman, J. A., and Feldhamer, G. A., 1982, Wild mammals of

178 Utah Geological Survey



North America: Baltimore, John Hopkins University Press,
1147 p. 

Charnov, E. L., 1993, Life history invariants: Oxford, Oxford
University Press, p. 167. 

Clarke, A. H., 1991, Final report -- status survey of selected land
and freshwater gastropods in Utah: Salt Lake City, Utah
U.S. Fish and Wildlife Service (on file).

COHMAP members, 1988, Climatic changes of the last 18,000
years: observations and model simulations: Science, v. 241,
p. 1043-1052.

Cole, K., 1985, Past rates of change, species richness, and a
model of vegetational inertia in the Grand Canyon, Ari-
zona: American Naturalist, V. 125, p. 289-303.

Collias, N. E., and Collias, E. C., 1963, Selective feeding by
wild ducklings of different species: Wilson Bulletin, v. 75,
p. 6-14.

Craighead, J. J., and Craighead, F. C., Jr., 1969, Hawks, owls
and wildlife: New York, Dover Publications, 443 p.

Crittenden, M. D., Jr., 1963, New data on the isostatic deforma-
tion of Lake Bonneville: U.S. Geological Survey Profes-
sional Paper 454-E, 31 p. 

Currey, D. R., 1980, Coastal geomorphology of Great Salt Lake
and vicinity, in Gwynn, J. W., editor, Great Salt Lake: a sci-
entific, historical and economic overview: Utah Geological
and Mineral Survey Bulletin 116, p. 69-82.

Currey, D. R., 1982, Lake Bonneville -- selected features of rel-
evance to neotectonic analysis: U.S. Geological Survey
Open-File Report 82, 1070 p.

Currey, D. R., 1988, Seismotectonic kinematics inferred from
Quaternary paleolake datums, Salt Lake City seismopolitan
region, Utah: National Earthquake Hazards Reduction Pro-
gram Summary Technical Report 27, U.S. Geological Sur-
vey Open-File Report 88-673, p. 457-461.

Currey, D. R., 1990, Quaternary paleolakes in the evolution of
semidesert basins, with special emphasis on Lake Bon-
neville and the Great Basin: Palaeogeography, Palaeocli-
matology, Palaeoecology, v. 76, p. 189-214.

Currey, D. R., 1991, Hemiarid lake basins -- hydrographic and
geomorphic patterns: University of Utah Limnotectonics
Laboratory Technical Report no. 91-2, 76 p.

Currey, D. R., and Burr, T. N., 1988, Linear model of threshold-
controlled shorelines of Lake Bonneville, in Machette, M.
N., editor, In the footsteps of G. K. Gilbert, Lake Bon-
neville and neotectonics of the eastern Basin and Range
Province: Utah Geological and Mineral Survey Miscellan-
eous Publication. 88-1, p. 104-110.

Currey, D. R., and Oviatt, C. G., 1985, Durations, average rates,
and probable causes of Lake Bonneville expansions, still-
stands, and contractions during the last deep-lake cycle,
32,000 to 10,000 years ago: Geographical Journal of Korea,
v. 10, p. 1085-1099.

Currey, D. R., Atwood, G., and Mabey, D. R., 1984, Major lev-
els of Great Salt Lake and Lake Bonneville: Utah Geologi-
cal and Mineral Survey Map 73, scale 1:500,000.

Currey, D. R., and James, S., 1982, Paleoenvironments of the
northeastern Great Basin and northeastern basin rim region
-- a review of geological and biological evidence, in Mad-
sen, D. B., and O’Connell, J. F., editors, Man and Environ-
ment in the Great Basin: Washington, D.C., Society for
American Archaeology, p. 27-52.

Currey, D. R., Oviatt, C. G., and Czarnomski, J. E., 1984 Late
Quaternary geology of Lake Bonneville and Lake Waring:
Utah Geological Association Publication 13, p. 227-237.

Currey, D. R., Oviatt, C. G., and Pyler, G. B., 1983 Lake Bon-
neville stratigraphy, geomorphology, and isostatic deforma-
tion in west-central Utah, in Gurgel, K.D., editor, Geologic
excursions in neotectonics and engineering geology in
Utah: Utah Geological and Mineral Survey Special Study
62, p. 63-82.

Dalley, G. F., 1977, Appendix II -- palynology of Swallow Shel-
ter deposits, in Dalley, G. F., Swallow Shelter and associat-
ed Sites: University of Utah Anthropological Papers 96,
p.171-174.

Dalquest, W. W., Stangl, F. B., Jr.,  and Grimes, J. V., 1989, The
third lower premolar of the cottontail, genus Sylvilagus, and
its value in the discrimination of three species: American
Midland Naturalist, v. 121, p. 293-301.

Dalton, R. A., Lee, T. H., Hesse, J. L., and Helm, W. T., 1965,
Distribution of sculpin, Cottus extensus, in Bear Lake,
Utah-Idaho: Proceedings of the Utah Academy of Sciences,
Arts, and Letters, v. 42, p. 70-73.

Dasmann, W., 1981, Deer range -- improvement and manage-
ment: Jefferson, North Carolina, McFarland & Company,
168 p.

Davis, M. B., 1983, Holocene vegetational history of the eastern
United States, in Wright, E., Jr., editor, Late Quaternary
environments of the United States, v. 2: Minneapolis, Uni-
versity of Minnesota Press, p. 166-181.

Davis, O. K., 1984, Pollen frequencies reflect vegetation pat-
terns in a Great Basin (U.S.A.) mountain range: Review of
Palaeobotany and Palynology, v. 40, p. 295-315.

Davis, O. K., 1997, Palynological evidence for vegetation
cycles in a 1.5 million year pollen record from the Great
Salt Lake, Utah, USA: Palaeogeography, Palaeoclimatol-
ogy, Palaeoecology, v. 138, p. 175-185.

Davis, O. K., and Moutoux, T. E., 1998, Tertiary and Quaternary
vegetation history of the Great Salt Lake: Journal of Pale-
olimnology, v. 19, p. 417-427. 

Davis, O. K., Sheppard, J. C., and Robertson, S., 1986, Con-
trasting climatic histories for the Snake River Plain, Idaho,
resulting from multiple thermal maxima: Quaternary
Research, v. 26, p. 321-339. 

Davis, R., and Dunford, C., 1987, An example of contemporary
colonization of montane islands by small, non-flying mam-
mals in the American Southwest: American Naturalist, v.
129, p. 398-406. 

DeBolt, A. M., and McCune, B., 1995, Ecology of Celtis retic-
ulata in Idaho: Great Basin Naturalist, v. 55, p. 237-248.

Denton, G. H., and Hendy, C. H., 1994, Younger Dryas age
advance of Franz Josef glacier in the southern alps of New
Zealand: Science, v. 264, p. 1434-1437.

Dial, K. P., and Czaplewski, N. J., 1990, Do woodrat middens
accurately represent the animals’ environments and diets?
The woodhouse mesa study, in Betancourt, J., Van Dev-
ender, T. R., and Martin, P. S., editors, Packrat middens --
the last 40,000 years of biotic change: Tucson, University
of Arizona Press, p. 43-58. 

Diamond, J. and Case, T., 1986, Community ecology: New
York, Harper and Row, 665 p.

Dinter, D. A., and Pechmann, J. C., 1999, Multiple Holocene
earthquakes on the East Great Salt Lake fault, Utah: Evi-
dence from high-resolution seismic reflection data: EOS,
Transactions of the American Geophysical Union, v. 80, no.
46 (Supplement), p. F934.

Ditlevsen, P. D., Svensmark, H., and Johnsen, S., 1996, Con-
trasting atmospheric and climate dynamics of the last-gla-
cial and Holocene periods: Nature, v. 379, p. 810-812.

179Late Quaternary paleoecology in the Bonneville basin



Dobler, F. C., and Dixon, K. R., 1990, The pygmy rabbit, in
Chapman, J. A., and Flux, J. E. C., editors, Rabbits, hares,
and pikas: Gland, Switzerland: International Union for
Conservation of Nature and Natural Resources, p. 111-115.

Dodson, P., and Wexlar, D., 1979, Taphonomic investigations of
owl pellets: Paleobiology, v. 5, p. 275-284.

Doelling, H. H., 1964, Geology of the northern Lakeside Moun-
tains and the Grassy Mountains and vicinity, Tooele and
Box Elder Counties, Utah [Ph.D. dissertation]: Salt Lake
City, University of Utah, 354 p.

Doelling, H. H., 1980, Geology and Mineral Resources of Box
Elder County, Utah: Utah Geological and Mineral Survey
Bulletin 115, 251 p.

Duncan, R. B., 1991. Sediment analysis and paleoclimate of
Danger Cave, Utah [M.S. thesis]: Pittsburgh, Pennsylvania,
University of Pittsburgh, 158 p.

Dunn, L. B., 1983, Quantitative and spacial distribution of win-
ter precipitation along Utah’s Wasatch Front: NOAA Tech-
nical Memoradum NWS Wr-181, 72 p.  

Durrant, S. D., 1952, Mammals of Utah -- taxonomy and distri-
bution: University of Kansas Publications, Museum of Nat-
ural History, v. 6, p. 549.

Eardley, A. J., and Gvosdetsky, V., 1960, Analysis of Pleistocene
core from Great Salt Lake, Utah: Geological Society of
America Bulletin, v. 71, p. 1323-1344.

Eardley, A. J., Gvosdetsky, V., and Marsell, R. E., 1957, Hydrol-
ogy of Lake Bonneville and sediments and soils of its basin:
Geological Society of America Bulletin, v. 68(9), p. 1141-
1201.

Eardley, A. J., Shuey, R. T., Gvosdetsky, V., Nash, W. P., Dane
Picard, M., Grey, D. C., and Kukla, G. J., 1973, Lake cycles
in the Bonneville Basin, Utah: Geological Society of Amer-
ica Bulletin, v. 84(1), p. 211-216.

Ehleringer, J. R., Cerling, T. E., and Helliker, B. R., 1997, C4

photosynthesis, atmospheric CO2, and climate: Oecologia,
v. 112(3), p. 285-299.

Ehrlich, P. R., Dobkin, D. S., and Wheye, D., 1988, The birder’s
handbook -- a field guide to the natural history of North
American birds: New York, Simon and Schuster Inc., 785 p.

Eisele, J., 1994, Survival and detection of blood residues on
stone tools: Department of Anthropology, University of
Nevada, Reno, Technical Report 94-1, 77 p.

Elias, S. A., 1996, Late Pleistocene and Holocene seasonal tem-
peratures reconstructed from fossil beetle assemblages in
the Rocky Mountains: Quaternary Research, v. 46,      p.
311-318.

Elliott, III, H. W., and Longhurst, W. M., 1984, Fecal pH of axis,
fallow and black-tailed deer: Journal of Wildlife Manage-
ment, v. 48(2), p. 659-662.

Ellis, K. L., Parrish, J. R., Murphy, J. R., and Richins, G. H.,
1989, Habitat use by breeding male sage grouse -- A man-
agement approach: Great Basin Naturalist, v. 49, p. 404-
407.

Ellison, L., 1954, Subalpine vegetation of the Wasatch Plateau,
Utah: Ecological Monographs, v. 24, p. 89-184.

Elston, R. G., and Budy, E. E., 1990, The archaeology of James
Creek Shelter: University of Utah Anthropological Papers
No. 115, 321 p.

Emery, I., 1966, The primary structures of fabrics: The Textile
Museum, Washington, D.C., 339 p.

Errington, P., Hammerstrom, F., and Hammerstrom, F. N., Jr.,
1940, The Great Horned Owl and its prey in north-central
United States: Agricultural Experiment Station, Iowa State

College of Agriculture and Mechanic Arts Research Bul-
letin 277, p. 757-850.

Everett, R.L., 1987, Proceedings of the pinyon-juniper confer-
ence: U.S. Department of Agriculture Forest Service, Inter-
mountain Research Station, General Technical Report INT-
215, 581 p.

Faegri, K., and Iversen, J., 1975, Textbook of Pollen Analysis:
New York, Hafner Press, 295 p.

Farrand, W. R., 1985, Rockshelter and cave sediments, in Stein,
J. K., and Farrand, W. R., editors, Archaeological sediments
in context: Orono, Maine, Peopling of the Americas, Vol-
ume 1, Center for the Study of Early Man, p. 21-40.

Finley, Jr., R. B., 1958, The wood rats of Colorado -- distribu-
tion and ecology: University of Kansas Publications of the
Museum of Natural History, v. 10(6), p.213-552.

Finley, Jr., R. B., 1990, Woodrat ecology and behavior and the
interpretation of paleomiddens, in Betancourt, J. L., Van
Devender, T. R. , and Martin, P. S., editors, Packrat middens
-- the last 40,000 years of biotic change: Tucson, Universi-
ty of Arizona Press, p. 28-42.

Follett, W. F., 1980, Fish remains from the Karlo Site (Ca-Las-
7), Lassen County, California.  Journal of California and
Great Basin Anthropology 2, 114-122.

Follett, W. F., 1982, An analysis of fish remains from ten archaeo-
logical sites at Falcon Hill, Washoe County, Nevada, with
notes on fishing practices of the ethnographic Kuyuidikade
Northern Paiute: Nevada State Museum Anthropological
Papers 18, 181-203.

Forester, R. M., 1985, Ostracode sample preparation and data
acquisition procedures -- Technical detailed procedure HP-
78: NNWSI Project Quality Assurance Program: U.S. Geo-
logical Survey.

Forester, R. M., 1987, Late Quaternary paleoclimate records
from lacustrine ostracodes, in Ruddiman, W. R., and
Wright, Jr., H. E., editors, North America and adjacent
oceans during the last deglaciation: Geological Society of
America, Geology of North America, v. K-3, p. 261-276.

Frase, B. A., and Sera, W. E., 1993, Comparison between plant
species in bushy-tailed woodrat middens and the habitat:
Great Basin Naturalist, v. 53, p. 373-378.

French, A. R., 1993, Physiological ecology of the Heteromyidae
-- economics of energy and water utilization, in Genoways,
H. H., and Brown, J. H., editors, Biology of the Het-
eromyidae: American Society of Mammalogists Special
Publication 10, p. 509-538.

Friedman, I., and Gleason, J., 1980, Deuterium content of lignin
and of the methyl and OH hydrogen of cellulose: U.S.
Department of Energy Proceedings of the International
Meeting on Stable Isotope Tree-Ring Research, New Paltx,
New York, May 22-24, 1979, p. 50-55.

Fryxell, R., 1964, Regional patterns of sedimentation recorded
by cave and rockshelter stratigraphy in the Columbia
Plateau, Washington: Abstracts of papers submitted for six
meetings with which the society was associated, Geological
Society of America Special Papers 76, Abstract, p. 273.

Gadgil, M., and Bossert, W., 1970, Life history consequences of
natural selection: American Naturalist, v. 104, p. 1-24.

Galat, D. L., Lider, E. L., Vigg, S., and Robertson, S. R., 1981,
Limnology of a large, deep, North American terminal lake,
Pyramid Lake, Nevada, U.S.A: Hydrobiologia, v. 82, p.
281-317.

Gallup, F. N., 1949, Banding recoveries of Tyto alba: Bird
Banding, v. 20, p. 150.

Garrison, T. E., and Best, T. L., 1990, Dipodomys ordii: Mam-

180 Utah Geological Survey



malian Species, v. 353.
Geist, V., 1971, Mountain Sheep: A study in behavior and evo-

lution: Chicago, University of Chicago Press, 383 p.
Gese, E. M., Rongstad, O. J., and Mytton, W. R., 1988, Home

range and habitat use of coyotes in southeastern Colorado:
Journal of Wildlife Management, v. 52, p. 640-646.

Getz, L. L., 1985, Habitats, in Tamarin, R. H., editor, Biology of
New World Microtus: American Society of Mammalogists
Special Publication 8, p. 286-309.

Gilbert, G. K., 1890, Lake Bonneville: U.S. Geological Survey
Monograph 1, p. 438.

Gilbert, G. K., 1928, Studies of Basin-Range structure: U.S.
Geological Survey Professional Paper 153, 92 p.

Gillette, D. D., and Madsen, D. B., 1992, The short-faced bear
Arctodus simus from the late Quaternary in the Wasatch
Mountains of central Utah: Journal of Vertebrate Paleontol-
ogy, v. 12, p. 107-112.

Gillette, D. D., and Madsen, D. B., 1993, The Columbian Mam-
moth Mammuthus columbi from the late Quaternary in the
Wasatch Mountains of central Utah: Journal of Paleontol-
ogy v. 67, p. 669-680.

Graham, R. 1985, Response of mammalian communities to
environmental changes during the late Quaternary, in Dia-
mond, J., and Case, T. J., editors, Community Ecology:
New York, Harper and Row, p. 300-313

Graham, R. W., and Lundelius, Jr., E. L., 1994, Faunmap -- a
database documenting late Quaternary distributions of
mammal species in the United States: Illinois State Muse-
um Scientific Papers 25, 2 v., 690 p. 

Graybill, D. A., 1984, Tree-ring index series for Indian Garden,
Nevada (NV-515): International Tree Ring Data Bank,
IGBP PAGES World Data Center-A for Paleoclimatology.

Grayson, D. K., 1977, On the Holocene history of some Great
Basin lagomorphs: Journal of Mammalogy, v. 58, p. 507-
513.

Grayson, D. K., 1981, A mid-Holocene record for the Heather
Vole, Phenacomys cf. intermedius, in the Central Great
Basin, and its biogeographic significance: Journal of Mam-
malogy, v. 62, p. 115-121.

Grayson, D. K., 1983, The paleontology of Gatecliff Shelter --
small mammals, in Thomas, D. H., editor, The archaeology
of Monitor Valley 2 -- Gatecliff Shelter: American Museum
of Natural History Anthropological Papers, v. 59(1), p. 98-
126.

Grayson, D. K., 1984, Quantitative zooarchaeology: New York,
Academic Press, p. 202.

Grayson, D.K., 1985, The paleontology of Hidden Cave -- birds
and mammals, in Thomas, D. H., editor, The archaeology of
Hidden Cave, Nevada. American Museum of Natural His-
tory Anthropological Papers 61(1), p. 125-161.

Grayson, D. K., 1987, The biogeographic history of small mam-
mals in the Great Basin: observations on the last 20,000
years: Journal of Mammology, v. 68, p. 359-375.

Grayson, D. K., 1988, Danger Cave, Last Supper Cave, and
Hanging Rock Shelter -- the faunas: Anthropological
Papers of the American Museum of Natural History 66 (1),
130 p.

Grayson, D. K., 1991, Alpine faunas from the White Mountains,
California -- adaptive change in the prehistoric Great
Basin?: Journal of Archaeological Science, v. 18, p. 483-
506.

Grayson, D. K., 1993, The desert’s past -- a natural prehistory of
the Great Basin: Washington, D.C., Smithsonian Institution

Press, 356 p.
Grayson, D. K., 1998, Moisture history and small mammal

community richness during the latest Pleistocene and
Holocene, northern Bonneville Basin, Utah: Quaternary
Research, v. 49, p. 330-334.

Grayson, D. K., in press, Great Basin mammals and late Qua-
ternary climate history, in Hershler, R., Madsen, D. B., and
Currey, D. R., editors, Great Basin aquatic system history:
Washington, D.C., Smithsonian Contributions to Earth Sci-
ences 33.

Grayson, D. K., and Livingston, S. D., 1993, Missing mammals
on Great Basin mountains -- Holocene extinctions and
inadequate knowledge: Conservation Biology, v. 7, p. 527-
532.

Grayson, D. K., Livingston, S. D., Rickart, E., and Shaver, III,
M. W., 1996, The biogeographic significance of low eleva-
tion records for Neotoma cinerea from the northern Bon-
neville Basin, Utah: Great Basin Naturalist, v. 56, p. 191-
196.

Green, J. S., and Flinders, J. T., 1980, Brachylagus idahoensis:
Mammalian Species, v. 125, 4 p.

Grootes, P. M., and Stuiver, M., 1997, Oxygen 18/16 variability
in Greenland snow and ice with 10-3- to 105-year time res-
olution: Journal of Geophysical Research, v. 102(C12), p.
26,445-26,470.

Guilday, J. E., 1969, Small mammal remains from the Wasden
Site (Owl Cave), Bonneville County, Idaho: Tebiwa
12(1):47-57.

Hafner, D. J., 1993, North American pika (Ochotona princeps)
as a late Quaternary biogeographic indicator species: Qua-
ternary Research, v. 39(3), p. 373-380.

Halfpenny, J., 1986, Field guide to animal tracking in North
America: Boulder, Colorado, Johnson Books, 161 p.

Hall, E. R., 1946, Mammals of Nevada: Berkeley, University of
California Press, 710 p.

Hall, E. R., 1981, The mammals of North America, Second Edi-
tion (2 vols.): New York, John Wiley & Sons, 1181 p.

Hansen, R. M., 1978, Use of dung pH to differentiate herbivore
species: Journal of Wildlife Management, v. 42(2), p. 441-
444.

Hansen, R. M., 1980, Late Pleistocene plant fragments in the
dungs of herbivores at Cowboy Cave, in Jennings, J. D.,
editor, Cowboy Cave: University of Utah Anthropological
Papers no. 104, p. 179-189.

Harman, W. N., 1972, Benthic substrates -- their effect on fresh-
water Mollusca: Ecology, v. 53, p. 271-277.

Harper, K. T., and Alder, G. M., 1970, The macroscopic plant
remains of the deposits of Hogup Cave, Utah, and their
paleoclimatic implications, in Aikens, C. M., editor, Hogup
Cave: University of Utah Anthropological Papers 93, p.
215-240.

Harper, K. T., and Alder, G. M., 1972, Paleoclimatic inferences
concerning the last 10,000 years from a resampling of Dan-
ger Cave, Utah, in Fowler, D. D., editor, Great Basin cul-
tural ecology -- a symposium: Desert Research Institute
Publications in the Social Sciences no. 8, p. 13-23.

Harris, A. H., 1985, Late Pleistocene vertebrate paleoecology of
the West: Austin, University of Texas Press, 293 p.

Hass, G. R., and McPhail J. D., 1991, Systematics and distribu-
tions of dolly varden (Salvelinus malma) and bull trout
(Salvelinus confluentus) in North America: Canadian Jour-
nal of Fisheries and Aquatic Sciences, v. 48, p. 2191-2211.

Haynes, Jr., C. V., 1991, Geoarchaeological and paleohydrolog-

181Late Quaternary paleoecology in the Bonneville basin



ical evidence for Clovis-age drought in North America and
its bearing on extinction: Quaternary Research, v. 35, p.
438-450.

Hayssen, V., 1991, Dipodomys microps: Mammalian Species, v.
389, 9 p.

Heaton, T. H., 1985, Quaternary paleontology and paleoecology
of Crystal Ball Cave, Millard County, Utah -- with empha-
sis on mammals and description of a new species of fossil
skunk: Great Basin Naturalist, v. 45, p. 337-390.

Heaton, T. H., 1990, Quaternary mammals of the Great Basin -
- extinct giants, Pleistocene relicts, and recent immigrants,
in Ross, R. M., and Allmon, W. D., editors, Causes of evo-
lution, A Paleontological Perspective: University of Chica-
go Press, p. 422-465.

Hecker, S., 1993, Quaternary tectonics of Utah with emphasis
on earthquake-hazard characterization: Utah Geological
Survey Bulletin 27, 157 p.

Hemphill, M. L., and Wigand, P. E., 1995, A detailed 2000-year
late Holocene pollen record from Lower Pahranagat Lake,
Southern Nevada, USA, in Waugh,W. J., editor, Proceed-
ings, climate change in the Four Corners and adjacent
regions -- implications for environmental restoration and
land-use planning, September 12-14, 1994, CONF 9404325:
US Department of Energy, Grand Junction Projects Office,
Grand Junction, Colorado, p. 41-49.

Heylmun, E. B., 1960, The Pleistocene of western Utah, in
Boettcher, J. W., and Sloan, W. W., Jr., editors, Guidebook
to the geology of east central Nevada: Association of Petro-
leum Geologists, 11th Annual Field Conference, Salt Lake
City, p. 142-147.

Hintze, L. F., 1988, Geologic history of Utah: Provo, Utah,
Brigham Young University Geology Studies, Special Publi-
cation 7, 202 p. 

Hockett, B. S., 1991, Toward distinguishing human and raptor
patterning on leporid bones: American Antiquity, v. 56, p.
667-679.

Hockett, B. S., 1994, A descriptive reanalysis of the leporid
bones from Hogup Cave: Journal of California and Great
Basin Anthropology, v. 16, p.106-117.

Hockett, B. S., 1995, Comparison of leporid bones in raptor pel-
lets, raptor nests, and archaeological sites in the Great
Basin: North American Archaeologist, v. 16, p. 223-238.

Hockett, B. S., 1996, Corroded, thinned, and polished bones
created by golden eagles (Aquila chrysaetos) -- taphonom-
ic implications for archaeological interpretations: Journal
of Archaeological Science, v. 23, p. 587-591.

Hoffman, R., 1988, The contribution of raptorial birds to pat-
terning in small mammal assemblages: Paleobiology, v. 14,
p. 81-90.

Hoffmeister, D. F., 1986, Mammals of Arizona: Tucson, Uni-
versity of Arizona Press, 602 p.

Holmer, R. N., 1986, Common projectile points of the Inter-
mountain West, in Condie, C. J., and Fowler, D. D., editors,
Anthrpology of the Desert West -- essays in honor of Jesse
D. Jennings: University of Utah Anthropological Papers, v.
110, p. 89-115. 

Holmer, R. N., and Weder, D. G., 1980, Common post-Archaic
projectile points of the Fremont area, in Madsen, D. B., edi-
tor, Fremont perspectives: Antiquities Section Selected Pa-
pers VII(16), p. 55-68.

Hostetler, S. W., Giorgi, F., Bates, G. T., and Bartlein, P. J.,
1994, Lake-atmosphere feedbacks associated with paleo-
lakes Bonneville and Lahontan: Science, v. 263, p. 665-668.

Hovingh, P., 1993, Zoogeography and paleozoology of leeches,

molluscs, and amphibians in western Bonneville Basin,
Utah, USA: Journal of Paleolimnology, v. 9, p. 41-54.

Howard, V. W., Jr., and DeLorenzo, D. G., 1974, Specific dif-
ferentiation of herbivore pellet groups by pH: Journal of
Wildlife Management, v. 38(4), p. 948-949.

Hubbs, C. L. and Lagler, K. F., 1964, Fishes of the Great Lakes
region: Ann Arbor, University of Michigan Press, 213 p.

Hubbs, C. L., and Miller, R. R., 1948, Zoological evidence: cor-
relation between fish distribution and hydrographic history
in the desert basins of the western United States: Bulletin of
the University of Utah 38, Biological Series, v. 10, p. 17-144.

Hunt, C. B., 1953, General geology, in Hunt, C. B., Varnes, H.
D., and Thomas, H. E., editors, Lake Bonneville-geology of
northern Utah Valley, Utah: U. S. Geological Survey Pro-
fessional Paper 221-G, p. 11-45.

Hunt, C. B., 1967, Physiography of the United States: San Fran-
cisco, W. H. Freeman and Co., 480 p. 

Hurley, W.M., 1979, Prehistoric cordage -- identification of
impressions on pottery: Aldine Publishing Company,
Chicago, 154 p.

Ives, R. L., 1951, Pleistocene valley sediments of the Dugway
area, Utah: Geological Society of America Bulletin, v. 62,
p. 781-797.

Jahren, A. H., 1996, The stable isotope composition of the hack-
berry (Celtis) and its use as a paleoclimatic indicator [Ph.D.
dissertation]: Berkeley, University of California, 136 p.

Jaksic, F. M., 1981, Abuse and misuse of the term “guild” in
ecological studies: Oikos, v. 37, p. 397-400.

Jaksic, F. M. and Medel, R. G., 1990, Objective recognition of
guilds, testing for statistically significant species clusters:
Oecologia, v. 82, p. 87-92.

Jarrett, R. D., and Malde, H. E., 1987, Paleodischarge of the late
Pleistocene Bonneville flood, Snake River, Idaho: Geolog-
ical Society of America Bulletin, v. 99(1), p. 127-134.

Jefferson, G. T., Miller, W. E., Nelson, M. E., and Madsen,  Jr.,
J. H., 1994, Catalogue of late Quaternary vertebrates from
Utah: Natural History Museum of Los Angeles County
Technical Reports 9, 34 p.

Jennings, J. D., 1957, Danger Cave: University of Utah Anthro-
pological Papers 27, 328 p.

Jobling, M., 1981, Temperature tolerance and the final prefer-
endum -- rapid methods for the assessment of optimum
growth temperatures: Journal of Fish Biology, v. 19, p.439-
455.

Johnson, H. B., and Mayeux, H. S., 1992, Viewpoint -- A view
on species additions and deletions and the balance of
Nature: Journal of Range Management, v. 45, p. 322-333.

Johnson, M. J. and MacCracken, J. G., 1978, Similarity between
pronghorn and mule deer fecal pellets: Great Basin Natu-
ralist, v. 38(2), p. 222-224.

Jones, L. M., and Faure, G., 1972, Strontium isotope geochem-
istry of Great Salt Lake, Utah: Geological Society of Amer-
ica Bulletin, v. 83, p. 1875-1880.

Jones, K. T., and Madsen, D. B., 1989, Calculating the cost of
resource transportation -- a Great Basin example: Current
Anthropology, v. 30, p. 529-534.

Jordan, D. S., 1905, A guide to the study of fishes: New York,
Henry Holt and Co., 624 p.

Katzner, T. E., and Parker, K. L., 1997, Vegetative characteris-
tics and size of home ranges used by pygmy rabbits
(Brachylagus idahoensis) during winter: Journal of Mam-
malogy, v. 78, p. 1063-1072.

182 Utah Geological Survey



Kaufman, K., 1990, Advanced birding: Boston, Houghton Mif-
flin, 299 p.

Keaton, J., Currey, D. R., and Olig, S. J., 1987, Paleoseismicity
and earthquake hazards evaluaton of the West Valley fault
zone, Salt Lake City urban area: Report for the U.S. Geo-
logical Survey, Salt Lake City, Utah, Utah Geological Sur-
vey (on file).

Keleher, J. J., 1952, Notes on fishes collected from Lake Win-
nipeg region: Canadian Field Naturalist, v. 66, p. 170-173.

Kelso, G., 1970, Hogup Cave, Utah -- comparative pollen
analysis of human coprolites and cave fill, in Aikens, C. M.,
editor, Hogup Cave: University of Utah Anthropological
Papers 93, p. 251-262.

Kemmerer, G., Bovard, J. F., and Boorman, W.R., 1923, North-
western lakes of the United States -- biological and chemi-
cal studies with reference to possibilities in production of
fish: U. S. Bureau of Fisheries, Fish Bulletin, v. 39, p. 51-
140.

Kenagy, G. J. , 1972, Saltbush leaves -- excision of hypersaline
tissues by a kangaroo rat: Science, v. 178, p. 1094-1096.

Kenagy, G. J., 1973, Adaptations for leaf eating in the Great
Basin kangaroo rat, Dipodomys microps: Oecologia, v. 12,
p. 383-412.

Knight, R. L., and Jackman, R. E., 1984, Food-niche relation-
ship between Great Horned Owls and Common Barn Owls
in eastern Washington: Auk, v. 101, p. 175-179.

Krausman, P. R., 1979, Use of caves by white-tailed deer:
Southwestern Naturalist, v. 24(1), p. 203.

Kruuk, H., 1976, The biological function of gulls’ attraction
towards predators: Animal Behavior, v. 24, p. 146-153.

Kusmer, K. D., 1990, Taphonomy of owl pellet deposition: Jour-
nal of Paleontology, v. 64, p. 629-637.

Kutzbach, J. E., and Geutter, P. J., 1986, The influence of chang-
ing orbital parameters and surface boundary conditions on
climate simulations for the past 18,000 years: Journal of the
Atmospheric Sciences, v. 43, p. 1726-1759.

Kutzbach, J. E., Geutter, P. J., Behling, P. J., and Selin, R., 1993,
Simulated climatic changes -- Results of the COHMAP cli-
mate-model experiments, in Wright, Jr., H. E., Kutzbach, J.
E., Webb, III, T., Ruddiman, W. F., Street-Perrott, F. A., and
Bartlein, P. J., editors, Global climates since the last glacial
maximum: Minneapolis, University of Minnesota Press, p.
24-93.

Kutzbach, J. E., and Webb, T., III, 1993, Conceptual basis for
understanding late-Quaternary climates, in Wright, H. E.,
Jr., Kutzbach, J. E., Webb, T., III, Ruddiman, W. F., Street-
Perrott, F. A., and Bartlein, P. J., editors, Global climates
since the last glacial maximum: Minneapolis, University of
Minnesota Press, p. 5-11.

LaMarche, V.C., Jr., and H.A. Mooney, 1972, Recent climatic
change and development of the bristlecone pine, P. longae-
va Bailey, krummholz zone, Mt. Washington, Nevada: Arc-
tic and Alpine Research, v. 4, p. 61-72.

Laville, H., Rigaud, J-P., and Sackett, J., 1980, Rockshelters of
the Perigord: New York, Academic Press, 371 p.

Lawlor, T., 1998, Great Basin mammal biogeography -- para-
digm lost?: Journal of Mammalogy, v. 79, p. 1111-1130.

Lawrence, L. D. K., 1967, A comparative life-history study of
four species of woodpeckers: The American Ornithologists’
Union Monographs 5, 156 p.

Lee, A. K., 1963, The adaptations to arid environments in
woodrats of the genus Neotoma: University of California
Publications in Zoology 64, p. 57-96.

Lerman, A., and Jones, B. F., 1973, Transient and steady-state
salt transport between sediments and brine in closed lakes:
Limnology and Oceanography, v. 18, p. 72-85.

Light, A., 1996, Amino acid paleotemperature reconstruction
and radiocarbon shoreline chronology of the Lake Bon-
neville Basin, USA [M.S. thesis]: Boulder, University of
Colorado, 158 p.

Lindsdale, J. M., and Tomich, P. Q., 1953, A herd of mule deer:
Berkeley, University of California Press, 567 p.

Lindzey, F. G., 1978, Movement patterns of badgers in north-
western Utah: Journal of Wildlife Management, v. 42, p.
418-422.

Little, E. L., Jr., 1971, Atlas of United States trees, volume 1 --
conifers and important hardwoods: U.S. Department of
Agriculture Miscellaneous Publication 1146, 8 p., 200
maps, 9 overlays.

Litvaitis, J. A., and Shaw, J. H., 1980, Coyote movements, habi-
tat use, and food habits in southwestern Oklahoma: Journal
of Wildlife Management, v. 44, p. 62-68.

Livingston, S. D., 1988, The avian and mammalian faunas from
Lovelock Cave and the Humboldt Lakebed Site [Ph.D. dis-
sertation]: Seattle, University of Washington, 264 p.

Lodha, B. C., 1974, Decomposition of digested litter, in Dickin-
son, C. H., and Pugh, G. J. F., editors, Biology of plant lit-
ter decomposition: New York, Academic Press, p. 213-241.

Lomolino, M. V., and Davis, R., 1997, Biogeographic scale and
biodiversity of mountain forest mammals of western North
America: Global Ecology and Biogeography Letters, v. 6,
p. 57-76.

Lyman, R. L., 1991, Late Quaternary biogeography of the
pygmy rabbit (Brachylagus idahoensis) in eastern Wash-
ington: Journal of Mammalogy, v. 72, p. 110-117.

Lyman, R. L., 1994, Vertebrate taphonomy: Cambridge, Cam-
bridge University Press, 524 p.

MacCracken, J. G., 1980, Intraspecific changes in fecal pH:
Journal of Wildlife Management, v. 44(3), p. 752-756.

Machette, M. N., Personius, S. F., and Nelson, A. R., 1992, Pale-
oseismology of the Wasatch fault zone -- a summary of
recent investigations, interpretations, and conclusions: U.S.
Geological Survey Professional Paper 1500-A, 71 p.

Madsen, D. B., n.d., The Silver Island expedition, manuscript in
preparation.

Madsen, D. B., 1980, The human prehistory of the Great Salt
Lake region, in Gwynn, J. W., editor, Great Salt Lake -- a
scientific, historical and economic overview: Utah Geolog-
ical and Mineral Survey Bulletion 116, p. 19-32.

Madsen, D. B., 1984, Pollen, packrats, and pine along the IPP,
in Simms, S. R., and Isgreen, M. C., editors, Archaeologi-
cal excavations in the Sevier and Escalante Deserts, west-
ern Utah: University of Utah Archaeological Center
Reports of Investigations 83-12, p. 336-353.

Madsen, D. B., 1985a, Correlation between vegetative and lake
level changes: the pollen evidence, in Kay, P. A., and Diaz,
H. F., editors, Problems of and prospects for predicting
Great Salt Lake levels: Salt Lake City, University of Utah
Center for Public Affairs and Administration, p. 54-62. 

Madsen, D. B., 1985b, Two Holocene pollen records for the
central Great Basin, in Jacobs, B. F., Fall, P. L., and Davis,
O. K., editors, Late Quaternary vegetation and climates of
the American Southwest: American Association of Strati-
graphic Palynologists Contributions Series 16, p. 113-126.

Madsen, D. B., 1986, Great Basin nuts -- a short treatise on the
distribution, productivity, and prehistoric use of pinyon, in

183Late Quaternary paleoecology in the Bonneville basin



Condie, C. J., and Fowler, D. D., editors, Anthropology of
the Desert West -- essays in honor of Jesse D. Jennings:
University of Utah Anthopological Papers 110, p. 21-42. 

Madsen, D. B., 2000, A high elevation Younger Dryas mega-
fauna from the west-central Rocky Mountains, in Madsen,
D. B., and Metcalf, M. D., editors.  Intermountain archaeol-
ogy: Salt Lake City, University of Utah Anthropological
Papers 122, p. 100-115.

Madsen, D. B., and Currey, D. R., 1979, Late Quaternary glacial
and vegetation changes, Little Cottonwood Canyon area,
Wasatch Mountains, Utah: Quaternary Research, v. 12, p.
254-270.

Madsen, D. B., and Kay, P. A., 1982, Late Quaternary pollen
analysis in the Bonneville Basin: American Quaternary
Association, 7th Biennial Conference,Seattle, Abstracts, p.
128.

Madsen, D. B., and Kirkman, J. E., 1988, Hunting hoppers:
American Antiquity, v. 53, p. 593-604.

Madsen, D. B., and Madsen, B. D., 1987, One man’s meat is
another man’s poison -- a revisionist view of the seagull
miracle: Nevada Historical Quarterly, v. 30, p. 165-181.

Madsen, D. B., and Rhode, D., 1990, Early Holocene pinyon
(Pinus monophylla) in the northeastern Great Basin: Qua-
ternary Research, v. 33, p. 94-101.

Madsen, D. B., Sarna-Wojcicki, A., and Thompson, R.S., 2000,
The Markagunt ash bed: a widespread late Pleistocene
tephra in the southern Great Basin and Colorado Plateau:
Quaternary Research (in review).

Madsen, D. B., and Schmitt, D. N., 1998, Mass collecting and
the diet breadth model -- a Great Basin example: Journal of
Archaeological Science, v. 25, p. 445-455.

Madsen, D. B, and Simms, S. R., 1998, The Fremont complex -
- a behavioral perspective: Journal of World Prehistory, v.
12, p. 255-336.

Magnuson, J. J., 1990, Long-term ecological research and the
invisible present: Bioscience, v. 40, p. 495-501.

Major, M., Johnson, M. K., Davis, W. S., and Kellogg, T. F.,
1980, Identifying scats by recovery of bile acids: Journal of
Wildlife Management, v. 44, p. 290-293.

Markgraf, V., 1986, Plant inertia reassessed: American Natural-
ist, v. 127, p. 725-726.

Marti, C. D., 1974, Feeding ecology of four sympatric owls:
Condor, v. 76, p. 45-61.

Marti, C. D., 1986, Barn Owl diet includes mammal species
new to the island fauna of the Great Salt Lake: Great Basin
Naturalist, v. 46, p. 307-309.

Marti, C. D., 1992, Barn Owl, Birds of North America, v. 1, no.
1: Philadelphia, Philadelphia Academy of Sciences, 16 p. 

Marti, C. D., and Kochert, M. N., 1996, Diet and trophic char-
acteristics of great horned owls in southeastern Idaho: Jour-
nal of Field Ornithology, v. 67, p. 499-730.

Martin, A., Zim, H., and Nelson, A., 1951, American wildlife
and plants -- a guide to wildlife food habits: New York,
McGraw-Hill, 500 p.

Martin, P. S., and Mehringer, P. J., Jr., 1965, Pleistocene pollen
analysis and biogeography of the Southwest, in Wright, H.
E., Jr., and Fey, D. G., editors, The Quaternary of the Unit-
ed States: Princeton, Princeton University Press, p. 433-451.

Martin, P. S., Sabels, B. E., and Shutler, D., 1961, Rampart Cave
coprolite and ecology of the Shasta ground sloth: American
Journal of Science, v. 259, p. 102-127.

Maser, C., 1974, The sage vole, Lagurus curtatus (Cope, 1868),
in the Crooked River National Grassland, Jefferson Coun-

ty, Oregon -- a contribution to its life history and ecology:
Säugetierkundliche Mitteilungen, v. 22, p. 193-222.

Mayewski, P.A., Meeker, L. D., Whitlow, S., Twickler, M. S.,
Morrison, M. C., Alley, R. B., Bloomfield, P., and Taylor,
K, 1993, The atmosphere during the Younger Dryas: Sci-
ence, v. 261, p. 195-197.

Mayewski, P. A., Meeker, L. D., Twickler, M. S., Whitlow, S.,
Yang, Q., Lyons, W. B., and Prentice, M., 1997, Major fea-
tures and forcing of high-latitude north hemisphere atmos-
pheric circulation using a 110,000-year-long glaciochemi-
cal series: Journal of Geophysical Research, v. 102 (no.
C12), p. 26,345-26,366.

Mayhew, D. F., 1977, Avian predators as accumulators of fossil
material: Boreas, v. 6, p. 25-31.

McCalpin, J., 1986, Thermoluminescence (TL) dating in seis-
mic hazard evaluations; example from the Bonneville
Basin, Utah: 22nd Annual Engineering Geology and Soils
Engineering Symposium Proceedings, Boise, Idaho, p. 156-
176. Boise.

McCalpin, J., Robison, R. M., and Garr, J. D., 1992, Neotecton-
ics of the Hansel Valley-Pocatello corridor, northern Utah
and southern Idaho: U.S. Geological Survey Professional
Paper 1500-G, 18 p.

McConnell, W. J., Clark, W. J., and Sigler, W. F., 1957, Bear
Lake: its fish and fishing: Logan, Utah, Utah State Depart-
ment of Fish and Game, Idaho Department of Fish and
Game, Wildlife Management Department of Utah State
Agricultural College, 76 p.

McCoy W. D., 1987, Quaternary aminostratigraphy of the Bon-
neville Basin, western United States: Geological Society of
America Bulletin, v. 98(1), p. 99-112.

McCullough, J. M., 1994, Forensic anthropology report: Utah
State Medical Examiner’s Office, Salt Lake City, Utah (on
file).

McDonald, K. A., and Brown, J. H., 1992, Using montane mam-
mals to model extinctions due to global change: Conserva-
tion Biology, v. 6, p. 409-415.

McKenzie, J. A., and Eberli, G. P., 1987, Indications for abrupt
Holocene climatic change -- late Holocene oxygen isotope
stratigraphy of the Great Salt Lake, Utah, in Berger, W.H.,
and Labeyrie, L.D., editors, Abrupt climatic change: Dor-
drecht, Reidel, p. 127-136.

McMahon, R. F., 1983, Physiological ecology of freshwater pul-
monates, in Russel-Hunter, W. D., editor, The Mollusca,
ecology, vol. 6: Orlando, Academic Press, p. 359-430.

Mead, J. I., Agenbroad, L. D., Davis, O. K., and Martin, P. S.,
1986, Dung of Mammuthus in the arid Southwest, North
America: Quaternary Research, v. 25, p. 121-127.

Mead, J. I., O’Rourke, M. K., and Foppe, T. M., 1986, Dung and
diet of the extinct Harrington’s Mountain Goat (Oreamnos
harringtoni): Journal of Mammalogy, v. 67(2), p. 284-293.

Mead, J. I., Thompson, R. S., and Van Devender, T. R., 1982,
Late Wisconsinan and Holocene fauna from Smith Creek
Canyon, Snake Range, Nevada: Transactions of the San
Diego Society of Natural History, v. 20, p. 1-26. 

Mehringer, P. J., Jr., 1977, Great Basin late Quaternary environ-
ments and chronology, in Fowler, D. D., editor, Models in
Great Basin Prehistory: A Symposium: Desert Research
Institute Publications in the Social Sciences 12, p. 113-167.

Mehringer, P. J., Jr., 1985, Late-Quaternary pollen records from
the interior Pacific Northwest and northern Great Basin of
the United States, in Bryant, V. M., Jr., and Holloway, R.
G., editors, Pollen records of late-Quaternary North Amer-
ican sediments: Dallas, American Association of Strati-

184 Utah Geological Survey



graphic Palynologists Foundation, p. 167-189.
Mehringer, P. J., Jr., 1986, Prehistoric environments, in

D’Azevedo, W. L., editor, Handbook of North American
Indians, Vol. 11, Great Basin: Washington, D.C., Smithson-
ian Institution Press, p. 31-50. 

Mehringer, P. J., Jr., Nash, W. P., and Fuller, R. H., 1971, A
Holocene volcanic ash from northwestern Utah: Proceed-
ings of the Utah Academy of Sciences, Arts and Letters, v.
48(1), p. 46-51. 

Meserve, P. L., and Glanz, W. E., 1978, Geographical ecology
of small mammals in the northern Chilean arid zone: Jour-
nal of Biogeography, v. 5, p. 135-148.

Metcalfe, D., and Barlow, K. R., 1992, A model for exploring
the optimal tradeoff between field processing and transport:
American Anthropologist, v. 94, p. 340-356.

Miller, D. M., 1991, Mesozoic and Cenozoic tectonic evolution
of the northeastern Great Basin, in Buff, R. H., and Coyn-
er, A. R., editors, Geology and ore deposits of the Great
Basin -- Great Basin symposium field trip guidebook com-
pendium, volume 1: Geological Society of Nevada, p. 202-
228.

Miller, D. M., and Langrock, H., 1997, Interim geologic map of
the Monument Peak NW 7.5-minute quadrangle: Utah Geo-
logical Survey Open-File Report 344, 8 p.

Miller, R. R., and Morton, W. M., 1952, First record of the dolly
varden Salvelinus malma from Nevada: Copeia, v. 3, p.
207-208.

Miller, R. R., and Smith, G. R., 1981, Distribution and evolution
of Chasmistes (Pisces: Catostomidae) in western North
America: University of Michigan Museum of Zoology Oc-
casional Papers 696, 46 p. 

Mock, C. J., and Bartlein, P. J., 1995, Spatial variability of late-
Quaternary paleoclimates in the western United States:
Quaternary Research, v. 44, p. 425-433.

Morrison, R. B., 1961, New evidence on the history of Lake
Bonneville from an area south of Salt Lake City, Utah: U.S.
Geological Survey Professional Paper 424-D, p. 125-127.

Morrison, R. B., 1965, Quaternary geology of the Great Basin,
in Wright, H. E., Jr., and Frey, D. G., editors, Quaternary
geology of the United States: Princeton, Princeton Univer-
sity Press, p. 265-285.

Morrison, R. B., 1991, Quaternary stratigraphic, hydrologic and
climatic history of the Great Basin, with emphasis on lakes
Lahontan, Bonneville, and Tecopa, in Morrison, R. B., edi-
tor, Quaternary nonglacial geology -- coterminous U.S.:
Boulder, Colorado, Geological Society of America, Geolo-
gy of North America, v. K-2, p. 283-320.

Munro, J., 1962, The use of natural shelter by hill sheep: Animal
Production, v. 4, p. 343-349.

Murchison, S. B., 1989a, Fluctuation history of Great Salt Lake,
Utah, during the last 13,000 years [Ph.D. dissertation]: Salt
Lake City, University of Utah, 157 p.

Murchison, S. B., 1989b, Utah chub (Gila atraria) from the lat-
est Pleistocene Gilbert shoreline, west of Corrine, Utah:
Great Basin Naturalist, v. 49(1), p. 131-133.

Murchison, S. B., and Mulvey, W. E., 2000, Late Pleistocene
and Holocene shoreline stratigraphy on Antelope Island, in
King, J., editor, Geology of Antelope Island: Utah Geolog-
ical Survey Miscellaneous Publication 00-1, (in press).

Murie, O. J., 1974, A field guide to animal tracks: Boston,
Boston, Houghton Mifflin Company, 375 p.

National Climatic Data Center, 1997, Climatological data annu-
al summary Utah, Volume 99, Number 13: National Ocean-

ic and Atmospheric Administration, Washington, D.C.,
Government Priinting Office.

Nelson, M. E., and Madsen, J. H., Jr., 1980, A summary of Pleis-
tocene fossil vertebrate localities in the northern Bonneville
Basin of Utah, in Gwynn, J. W., editor, Great Salt Lake -- a
scientific, historical and economic overview: Utah Geolog-
ical and Mineral Survey Bulletin 116, p. 97-114.

Nelson, M. E., and Madsen, J. H., Jr., 1987, A review of Lake
Bonneville shoreline faunas (late Pleistocene) of northern
Utah in Kopp, R. S., and Cohenour, R. E., editors, Cenozoic
geology of western Utah -- sites for precious metal and
hydrocarbon accumulations: Salt Lake City, Utah Geologi-
cal Association Publication 16, p. 321-333.

Newman, M. E., Yohe, R. M., II, Ceri, H., and Sutton, M. Q.,
1993, Immunological protein residue analysis of non-lithic
archaeological materials: Journal of Archaeological Sci-
ence, v. 20, p. 93-100.

Norden, C. R., 1961, Comparative osteology of representative
salmonid fishes with particular reference to the grayling
(Thymallus arcticus) and its phylogeny: Journal of the Fish-
eries Research Board of Canada, v. 18, p. 679-791.

Nowak, C. L., Nowak, R. S., Tausch, R. J., and Wigand, P. E.,
1994, A 30,000 year record of vegetation dynamics at a
semi-arid locale in the Great Basin: Journal of Vegetation
Science, v. 5, p. 579-590.

O’Brien, S. R., Mayewski, P. A., Meeker, L. D., Meese, D. A.,
Twickler, M. S., and Whitlow, S. I., 1995, Complexity of
Holocene climates as reconstructed from a Greenland ice
core: Science, v. 270, p. 1962-1964.

O’Connor, J. E., 1993, Hydrology, hydraulics, and geomorphol-
ogy of the Bonneville flood: Geological Society of Ameri-
ca Special Paper 274, 83 p.

O’Farrell, M. J., 1980, Spatial relationships of rodents in a sage-
brush community: Journal of Mammalogy, v. 61, p. 589-
605.

Odum, E. P., 1953, Fundamentals of ecology: Philadelphia, W.
B. Saunders, 384 p. 

Orr, R. T., 1940, The rabbits of California: California Academy
of Sciences Occasional Papers 19, 207 p.

Oviatt, C. G., 1984, Lake Bonneville stratigraphy at the Old
River Bed and Leamington, Utah [Ph.D. dissertation]: Salt
Lake City, University of Utah, 122 p.

Oviatt, C. G., 1987, Lake Bonneville stratigraphy at the Old
River Bed, Utah: American Journal of Science, v. 287, p.
383-398.

Oviatt, C. G., 1988a, Paleoclimatic and neotectonic significance
of Plio-Pleistocene lake beds in the Sevier Basin, Utah:
Geological Society of America Abstracts with Programs, v.
20, p. A346-347.

Oviatt, C. G., 1988b, Late Pleistocene and Holocene lake fluc-
tuations in the Sevier Lake Basin, Utah, USA: Journal of
Paleolimnology, v. 1, p. 9-21.

Oviatt, C. G., 1989, Quaternary geology of part of the Sevier
Desert, Millard County, Utah: Utah Geological and Miner-
al Survey Special Study 70, 41 p.

Oviatt, C. G., 1997, Lake Bonneville fluctuations and global cli-
mate change: Geology, v. 25, p. 155-158.

Oviatt, C. G., Currey, D. R., and Miller, D. M., 1990, Age and
paleoclimatic significance of the Stansbury shoreline of
Lake Bonneville, northeastern Great Basin: Quaternary
Research, v. 33, p. 291-305.

Oviatt, C. G., Currey, D. R., and Sack, D., 1992, Radiocarbon
chronology of Lake Bonneville, eastern Great Basin, USA:

185Late Quaternary paleoecology in the Bonneville basin



Palaeogeography, Plaeoclimatology, Palaeoecology, v. 99,
p. 225-241.

Oviatt, C. G., Habiger, G .D., and Hay, J. E., 1994, Variation in
the composition of Lake Bonneville marl -- a potential key
to lake-level fluctuations and paleoclimate: Journal of Pale-
olimnology, v. 11, p. 19-30.

Oviatt, C. G., and Madsen, D. B., 2000, Surficial deposits and
late Quaternary history of Dugway Proving Ground, Utah:
progress report, 1999, Report submitted to Dugway Prov-
ing Ground, Environmental Directorate: Salt Lake City,
Utah, Utah Geological Survey, (on file).

Oviatt, C. G., McCoy, W. D., and Reider, R. G., 1987, Evidence
for a shallow early or middle Wisconsin-age lake in the
Bonneville Basin, Utah: Quaternary Research, v. 27, p.
248-262.

Oviatt, C. G., Thompson, R. S., Kaufman, D. S., Bright, J., and
Forester, R. M., 1999, reinterpretation of the Burmester
core, Bonneville Basin, Utah: Quaternary Research, v. 52,
p. 180-184.

Owen, J. G., 1988, On productivity as a predictor of rodent and
carnivore diversity: Ecology, v. 69, p. 1161-1165.

Owen, J. G., 1990, Patterns of mammalian species richness in
relation to temperature, productivity, and variance in eleva-
tion: Journal of Mammalogy, v. 71, p. 1-13.

Parmalee, P. W., 1970, Birds from Hogup Cave, in Aikens, C.
M., editor, Hogup Cave: University of Utah Anthropologi-
cal Papers, v. 93, p. 263-266.

Parmalee, P. W., 1980, Utilization of birds by the Archaic and
Fremont cultural groups of Utah, in Campbell, K. E., Jr.,
editor, Papers in avian paleontology honoring Hildegard
Howard: Natural History Museum of Los Angeles County
Contribution to Science 330, p. 237-250. 

Parmalee, P. W., 1988, Avian remains from Danger Cave, in
Grayson, D. K., editor, Danger Cave, Last Supper Cave,
and Hanging Rock Shelter: the faunas: American Museum
of Natural History Anthropological Papers 66 (no. 1), p. 37-
44.

Pazdur, A., 1988, The relations between carbon isotope compo-
sition and apparent age of freshwater tufaceous sediments:
Radiocarbon, v. 30, p. 7-18.

Pazdur, A., Pazdur, M. F., and Szulc, J., 1988, Radiocarbon dat-
ing of Holocene calcareous tufa in southern Poland: Radio-
carbon, v. 30, 133-51.

Pedley, H. M., 1990, Classification and environmental models
of cool freshwater tufas: Sedimentary Geology, v. 68(1), p.
143-154.

Peek, J. M., and Keay, J. A., 1979, Fecal pH comparisons among
three species of ungulates in Idaho: Journal of Wildlife
Management, v. 43(3), p. 796-798.

Perry, L. E., 1943, Biology and economic significance of the
peaknose cisco of Bear Lake, Idaho and Utah [M.S. thesis]:
Logan, Utah, Utah State University, 229 p.

Powers, D. A., 1972, Hemoglobin adaptation for fast and slow
water habitats in sympatric catostomid fishes: Science, v.
177, p. 360-362.

Purdue, J. R., 1980, Clinal variation of some mammals during
the Holocene in Missouri: Quaternary Research, v. 13, p.
242-258.

Putman, R. J., 1984, Facts from faeces: Mammal Review, v.
14(2), p. 79-97.

Quade, J., Roe, L., DeCelles, P.G., and Ojha, T. P., 1997, The
late Neogene 87Sr/86Sr record of lowland Himalayan rivers:
Science, v. 276, p. 1828-1831.

Repenning, C. A., 1992, Allophaiomys and the age of the Olyor
Suite, Krestovka Sections, Yakutia.: U. S. Geological Sur-
vey Bulletin, v. 2037, 98 p. 

Rhode, D., and Madsen, D. B., 1995, Late Wisconsin/early
Holocene vegetation in the Bonneville Basin: Quaternary
Research, v. 44, p. 246-256.

Rhode, D., and Madsen, D. B., 1998, Pine nut use in the early
Holocene and beyond -- the Danger Cave archaeobotanical
record: Journal of Archaeological Science, v. 25, p. 1199-
1210.

Rickart, E. A., 1982, Annual cycles of activity and body com-
position in Spermophilus townsendii mollis: Canadian Jour-
nal of Zoology, v. 60, p. 3298-3306.

Rickart, E. A., 1987, Spermophilus townsendii: Mammalian
Species, v. 268, 6 p.

Rieman, B.E., Lee, D.C., and Thuron, R.F. (1997).  Distribution,
status, and likely future trends of bull trout within the
Columbia River and Klamath River basins.  North Ameri-
can Journal of Fisheries Management 17: 1111-1125.

Reiman, B. E., and McIntyre, J. D., 1995, Occurrence of bull
trout in naturally fragmented habitat patches of varied size:
Transactions of the American Fisheries Society, v. 124, p.
285-296.

Robins, C. R., Bailey, R. M., Bond, C. E., Brooker, J. R., Lach-
ner, E. A., Lea, R. N., and Scott, W. B., 1991, Common and
scientific names of fishes from the United States and Cana-
da, fifth edition: Bethesda, Maryland, American Fisheries
Society Special Publication 20, 183 p.

Rochon, A., de Vernal, A., Sejrup, H., and Haflidason, H., 1998,
Palynological evidence of climatic and oceanographic
changes in the North Sea during the last deglaciation: Qua-
ternary Research, v. 49, p.197-207.

Roff, D. A., 1984, The evolution of life history parameters in
teleosts: Canadian Journal of Fisheries and Aquatic Sci-
ences, v. 41, p. 989-1000.

Roff, D. A., 1992, The evolution of life histories -- theory and
analysis: New York, Chapman and Hall, 535 p.

Roscoe, E. J., 1955, Aquatic snails found attached to feathers of
White-faced Glossy Ibis: The Wilson Bulletin, v. 67, p. 66.

Roscoe, E. J., 1961, Preliminary checklist of Lake Bonneville
mollusca: Sterkiana, v. 4, p. 23-28.

Roscoe, E. J., 1963, Stratigraphic summary of Quaternary Bon-
neville Basin mollusca: Sterkiana, v. 9, p. 1-23.

Rose, R. K., and Birney, E. C., 1985, Community ecology, in
Tamarin, R. H, editor, Biology of New World microtus:
American Society of Mammalogists Special Publication,
no. 8, p. 310-339.

Rosenfeld, M. J., 1991, Systematic studies of members of the
genus Gila (Pisces: Cyprinidae) from the Great Basin and
Colorado River: protein electrophoretic and cytogenetic
variation [Ph.D. dissertation]: Salt Lake City, University of
Utah, 184 p. 

Rosenfeld, M. J., 1996, Biogeographic considerations of Utah
fishes, in Sigler, W. F., and Sigler, J. W., editors, Fishes of
Utah -- a natural history: Salt Lake City, University of Utah
Press, p. 26-34.

Rosenzweig, M. L., 1992, Species diversity gradients -- we
know more and less than we thought: Journal of Mammal-
ogy, v. 73, p. 715-730.

Rosenzweig, M. L., 1995, Species diversity in time and space:
Cambridge, Cambridge University Press, 436 p.

Rosenzweig, M. L., and Abramsky, Z., 1993, How are diversity
and productivity related?, in Ricklefs, R. E., and Schluter, D.,

186 Utah Geological Survey



editors, Species diversity in ecological communities:
Chicago, University of Chicago Press, p. 52-65.

Root, R., 1967, The niche exploitation pattern of the blue-gray
gnatcatcher: Ecological Monographs, v. 37, p. 317-350.

Ruben, M., and Alexander, C., 1958, U.S. Geological Survey
radiocarbon dates IV: Science, v. 127, p. 1476-1487.

Ruedas, L. A., 1998, Systematics of Sylvilagus gray, 1867
(Lagomorpha: Leporidae) from southwestern North Ameri-
ca: Journal of Mammalogy, v. 79, p. 1355-1378.

Ryser, F. A., 1985, Birds of the Great Basin: Reno, University of
Nevada Press, 604 p.

Saab, V. A., and Marks, J. S., 1992, Summer habitat use by
Columbian sharp-tailed grouse in western Idaho: Great
Basin Naturalist, v. 52, p. 166-173.

Sack, D., 1999, The composite nature of the Provo level of Lake
Bonneville, Great Basin, western North America: Quater-
nary Research, v. 52, p. 316-327.

Sargeant, G. A., Eberhardt, L. E., and Peek, J. M., 1994, Ther-
moregulation by mule deer (Odocoileus hemionus) in arid
rangelands of south-central Washington: Journal of Mam-
malogy, v. 75(2), p. 536-544.

Schmitt, D. N., 1995, The taphonomy of golden eagle prey
remains at Great Basin roosts: Journal of Ethnobiology, v.
15, p. 237-256.

Schmitt, D. N., and Juell, K. E., 1994, Toward the identification
of coyote scatological faunal accumulations in archaeolog-
ical contexts: Journal of Archaeological Science, v. 21, p.
249-262.

Schmitt, D. N., and Lupo, K. D., 1995, On mammalian taphon-
omy, taxonomic diversity, and measuring subsistence data
in zooarchaeology: American Antiquity, v. 60, p. 496-514. 

Schmitt, D.N., Madsen, D. B., Callister, K., and Shaver, M. W.,
III, 1998, Archaeological excavations at Camels Back
Cave, western Utah: Great Basin Anthropology Confer-
ence, 26th Biennial meeting, Bend, Oregon, Abstracts, p. 64.

Schmitt, D. N., and Manion, M. E., n.d., The Lakeside Cave
fauna, in Madsen, D. B., editor, The Silver Island expedi-
tion: manuscript, in preparation.

Schmitt, D. N., Shaver, M. W., III, and Hunt, J.M., 1994, From
here to antiquity -- Holocene human occupation on Camels
Back Ridge, Tooele County, Utah: Utah Archaeology, v. 7,
p. 35-50.

Schoonmaker, P. K., and Foster, D. R., 1991, Some implications
of paleoecology for contemporary ecology: Botanical
Review, v. 57, p. 204-244.

Scott, W. B., and Crossman, E. J., 1973, Freshwater fishes of
Canada: Fisheries Research Board of Canada Bulletin 184,
966 p.

Scott, W. E., McCoy, W. D., Shroba, R. R., and Rubin, M., 1983,
Reinterpretation of the exposed record of the last two
cycles of Lake Bonneville, western United States: Quater-
nary Research, v. 20(3), p. 261-285.

Scott, W. E., and Shroba, R. R., 1985, Surficial geologic map of
an area along the Wasatch fault zone in the Salt Lake Val-
ley, Utah: U.S. Geological Survey Open-File Report 85-
448, 2 sheets. 

Scribner, K. T., and Warren, R. J., 1984, Electrophoretic identi-
fication of white-tailed and mule deer feces -- a preliminary
assessment: Journal of Wildlife Management, v. 48(2), p.
656-658.

Shaw, G.R., 1972, Knots: Collier Books, New York, 194 p.
Siegal, R. D., 1983, Paleoclimatic significance of D/H and

13C/12C ratios in Pleistocene and Holocene wood [M.S.

thesis]: Tucson, University of Arizona, 105 p.
Sigler, W. F., 1951, The life history and management of the

mountain whitefish Prosopium williamsoni (Girard) in
Logan River, Logan, Utah: Utah State Agricultural College
Bulletin 347, 21 p. 

Sigler, W. F., and Miller, R. R., 1963, Fishes of Utah: Salt Lake
City, Utah State Department of Fish and Game, 203 p.

Sigler, W. F., and Sigler, J. W., 1987, Fishes of the Great Basin:
Reno, University of Nevada Press, 425 p.

Sigler, W. F., and Sigler, J. W., 1996, Fishes of Utah -- a natur-
al history: Salt Lake City, University of Utah Press, 375 p.

Sigler, W. F., and Workman, G. W., 1978, The Bonneville cisco
of Bear Lake, Utah-Idaho: Utah Agricultural Experiment
Station Research Report 33, 34 p.

Simms, S. R., 1985, Pine nut use in three Great Basin cases --
data, theory, and a fragmentary material record: Journal of
California and Great Basin Anthropology, v. 7, p. 166-175.

Smith, A. T., 1974, The distribution and dispersal of pikas --
influences of behavior and climate: Ecology, v. 55 p. 1368-
1376.

Smith, D. G., 1971, Population dynamics, habitat selection, and
partitioning of breeding raptors in the eastern Great Basin
of Utah [Ph.D. dissertation]: Provo, Utah, Brigham Young
University, 260 p.

Smith, D. G., and Murphy, J. R., 1982, Nest site selection in rap-
tor communities of the eastern Great Basin desert: Great
Basin Naturalist, v. 42, p. 395-404.

Smith, F. A., 1991, Nutritional ecology and body size in
Neotoma populations [Ph.D. dissertation]: Irvine, Califor-
nia, University of California, Irvine, 171 p.

Smith, F. A., 1997, Neotoma cinerea: Mammalian Species, v.
564, 8 p. 

Smith, F. A., Betancourt, J. L., and Brown, J. H., 1995, Evolu-
tion of body size in the woodrat tracks the past 25,000 years
of climate change: Science, v. 270, p. 2012-2014.

Smith, F. A., and Betancourt, J. L., 1998, Response of bushy-
tailed woodrats (Neotoma cinerea) to late Quaternary cli-
mate change in the Colorado Plateau: Quaternary Research,
v. 50, p. 1-11.

Smith, G. R., 1981, Effects of habitat size on species richness
and adult body size of desert fishes, in Naiman, R. J., and
Soltz, D. L., editors, Fishes in North American deserts:
New York, John Wiley and Sons, p. 125-171.

Smith, G. R., 1966, Distribution and evolution of North Ameri-
can catostomid fishes of the subgenus Pantosteus, genus
Catostomus: University of Michigan Museum of Zoology
Miscellaneous Publications, no. 129, 132 p.

Smith, G. R., in press, Historical biogeography of Great Basin
fishes, in Hershler, R., Madsen, D. B., and Currey, D. R.,
editors, Great Basin aquatic systems history: Smithsonian
Contributions to Earth Sciences 33.

Smith, G. R., and Koehn, R. K., 1971, Phenetic and cladistic
studies of biochemical and morphological characteristics of
Catostomus: Systematic Zoology, v. 20, p. 282-297.

Smith, G. R., Stokes, W. L., and Horn, K. F., 1968, Some late
Pleistocene fishes of Lake Bonneville: Copeia, v. 1968, p.
807-816.

Smith, G. R., and Todd, T. N., 1993, Morphological cladistic
study of coregonine fishes: Polskie Archiwum Hydrobi-
ologii v. 39, p. 479-490.

Smith, G. W., 1990, Home range and activity patterns of black-
tailed jackrabbits: Great Basin Naturalist, v. 50, p. 249-256.

187Late Quaternary paleoecology in the Bonneville basin



Snyder, J. O., 1919, Three new whitefishes from Bear Lake,
Idaho and Utah: U.S. Bureau of Fisheries, Fish Bulletin, v.
36, p. 3-9.

Spaulding, W. G., 1981, The late Quaternary vegetation of a
southern Nevada mountain range [Ph.D. dissertation]: Tuc-
son, University of Arizona, 271 p.

Spaulding, W. G., 1985, Vegetation and and climates of the last
45,000 years in the vicinity of the Nevada Test Site, south-
central Nevada: U.S. Geological Survey Professional Paper
no. 1329, 83 p.

Spaulding, W. G., 1990, Vegetational and climatic development
of the Mojave Desert -- the last glacial maximum to the
present, in Betancourt, J. L., Van Devender, T. R., and Mar-
tin, P. S., editors, Packrat middens -- the last 40,000 years
of biotic change: Tucson, University of Arizona Press, p.
166-199. 

Spaulding, W. G., Betancourt, J., Croft, L., and Cole, K. L.,
1990, Packrat middens -- their composition and methods of
analysis, in Betancourt, J. L., Van Devender, T. R., and
Martin, P. S., editors, Packrat middens -- the last 40,000
years of biotic change: Tucson, University of Arizona
Press, p. 59-84. 

Spaulding, W. G., and Graumlich, L., 1986, The last pluvial cli-
matic episodes in the deserts of southwestern North Amer-
ica: Nature, v. 320, p. 441-444.

Spencer, R. J., Baedecker, M. J., Eugster, H. P., Forester, R. M.,
Goldhaber, M. B., Jones, B. F., Kelts, K., Mckenzie, J.,
Madsen, D. B., Rettig, S. L., Rubin, M., and Bowser, C. J.,
1984, Great Salt Lake, and precursors, Utah: the last 30,000
years: Contributions to Mineralogy and Petrology, v. 86, p.
321-334.

Spencer, R. J., Eugster, H. P., Jones, B. F., and Rettig, S. L.,
1985, Geochemistry of Great Salt Lake, Utah I -- hydro-
chemistry since 1850: Geochimica et Cosmochemica Acta,
v. 49, p. 727-737.

Stafford, T. W., Jr., 1990, Late Pleistocene megafauna extinc-
tions and the Clovis culture: absolute ages based on accel-
erator 14C dating of skeletal remains, in Agenbroad, L. D.,
Mead, J. I., and Nelson, L. W., editors, Megafauna and man,
discovery of America’s heartland: Flagstaff, Arizona,
Northern Arizona University Scientific Papers, v. 1,  p. 118-
122.

Stalling, D. T., 1990, Microtus ochrogaster: Mammalian
Species, v. 355, 9 p.

Stearns, S. C., 1992, The evolution of life histories: Oxford,
Oxford University Press, 249 p.

Stearns, S. C., and Crandall, R. E., 1981, Quantitative predic-
tions of delayed maturity: Evolution, v. 35, p. 455-463.

Stearns, S. C., and Crandall, R. E., 1984, Plasticity for age and
size at sexual maturity: a life-history adaptation to unavoid-
able stress, in Potts, G., and Wooton, R., editors, Fish repro-
duction: New York, Academic Press, p. 13-33.

Stearns, S. C., and Koella, J., 1986, The evolution of phenotyp-
ic plasticity in life-history traits: predictions of reaction
norms for age and size in maturity: Evolution, v. 40, p. 893-
913.

Steigers, W. D., Jr., Flinders, J. T., and White, S. M., 1982,
Rhythm of fecal production and protein content for black-
tailed jackrabbits: Great Basin Naturalist, v. 42(4), p. 567-
571.

Stearley, R. F., and Smith, G. R., 1993, Phylogeny of the Pacif-
ic trouts and salmons (Oncorhynchus) and genera of the
family Salmonidae: Transactions of the American Fisheries
Society, v. 122, p. 1-33.

Stevens, D. J., and Brough, R. C., 1987, Western Utah cli-
matography, in Kopp, R. S., and Cohenour, R. E., editors,
Cenozoic geology of western Utah -- sites for precious
metal and hydrocarbon accumulations: Salt Lake City, Utah
Geological Association Publication 16, p. 31-57.

Steward, J., 1938, Basin-plateau aboriginal sociopolitical
groups: Smithsonion Institution Bureau of American Eth-
nology, Bulletin 120, 346 p.

Stiling, P. D., 1996, Ecology -- theories and applications, second
edition: Upper Saddle River, New Jersey, Prentice Hall, 539
p.

Stiner, M. C., 1995, Honor among thieves -- a zooarchaeologi-
cal study of Neanderthal ecology: Princeton, Princeton Uni-
versity Press, 447 p. 

Stokes, W. L., Smith, G. R., and Horn, K. F., 1964, Fossil fish-
es from the Stansbury level of Lake Bonneville, Utah: Pro-
ceedings of the Utah Academy of Sciences, Arts, and Let-
ters, v. 41, p. 87-88.

Stones, R. C., and Hayward, C. L., 1968, Natural history of the
desert woodrat, Neotoma lepida: The American Midland
Naturalist, v. 80, p. 458-476.

Stuiver, M., Reimer, P. J., Bard, E., Beck, J. W., Burr, G. S.,
Hughen, K. A., Kromer, B., McCormac, G., van der Plicht,
J., and Spurk, M., 1998, INTCAL98 radiocarbon age cali-
bration, 24,000-0 cal B.P.: Radiocarbon, v. 40, p. 1041-
1084.

Swanson, E. H., Jr., and Muto, G., 1975, Recent environmental
changes in the northern Great Basin: Tebiwa, v. 18(1), p.
49-57.

Tankard, A. J., and Schweitzer, F. R., 1976, Textural analysis of
cave sediments -- Die Kelders, Cape Province, South
Africa, in Davidson, D. A., and Shackley, M. L., editors,
Geoarchaeology: London, Duckworth, p. 289-316. 

Tausch, R. J., Wigand, P. E., and Burkhardt, J. W., 1993, View-
point -- plant community thresholds, multiple steady states,
and multiple successional pathways: legacy of the Quater-
nary?: Journal of Range Management, v. 46, p. 439-447.

Taylor, D. W., and Bright, R. C., 1987, Drainage history of the
Bonneville Basin, in Kopp, R. S. and Cohenour, R. E., ed-
itors, Cenozoic geology of western Utah -- sites for pre-
cious metal and hydrocarbon accumulations: Salt Lake
City, Utah Geological Association Publication 16, p. 239-
256. 

Thaeler, C. S., Jr., 1980, Chromosome numbers and systematic
relations in the genus Thomomys (Rodentia: Geomyidae):
Journal of Mammalogy, v. 61, p. 414-422.

Thomas, D.H., 1981, How to classify projectile points from
Monitor Valley, Nevada: Journal of California and Great
Basin Anthropology, 3 (no. 1), p. 7-43.

Thomas, D. H., and Mayer, D., 1983, Behavioral faunal analy-
sis of selected horizons, in Thomas, D. H., editor, The
archaeology of Monitor Valley 2 -- Gatecliff Shelter:
Anthropological Papers of the American Museum of Natur-
al History, v. 59 ( no. 1), p. 353-391. 

Thompson, R. S., 1984, Late Pleistocene and Holocene envi-
ronments in the Great Basin [Ph.D dissertation]: Tucson,
University of Arizona, 256 p. 

Thompson, R. S., 1990, Late Quaternary vegetation and climate
in the Great Basin, in Betancourt, J. L., Van Devender, T.
R., and Martin, P. S., editors, Packrat middens -- the last
40,000 years of biotic change: Tucson, University of Ari-
zona Press, p. 201-239.

Thompson, R. S., 1992a, Late Quaternary environments in
Ruby Valley, Nevada: Quaternary Research, v. 37, p. 1-15.

188 Utah Geological Survey



Thompson, R. S., 1992b, Palynological data from a 989-foot
(30-m) core of Pliocene and early Pleistocene sediments
from Bruneau, Idaho: U.S. Geological Survey Open-File
Report 92-713, 28 p. 

Thompson, R. S., Anderson, K. H., and Bartlein, P. J., 1999,
Atlas of relations between climatic parameters and distri-
butions of important trees and shrubs in North America -
introduction and conifers: U. S. Geological Survey Profes-
sional Paper 1650-A, 269 p.

Thompson, R. S., and Hattori, E., 1983, Paleobotany of Gate-
cliff Shelter -- packrat (Neotoma) middens from Gatecliff
Shelter and Holocene migrations of woodland plants, in
Thomas, D.H., editor, The archaeology of Monitor Valley,
2: Gatecliff Shelter: American Museum of Natural History
Anthropological Papers, v. 59(1), p. 157-167.

Thompson, R. S., and Kautz, R. R., 1983, Paleobotany of Gate-
cliff Shelter: pollen analysis, in Thomas, D.H., editor, The
Archaeology of Monitor Valley, 2: Gatecliff Shelter: Amer-
ican Museum of Natural History Anthropological Papers, v.
59(1), p. 136-151.

Thompson, R. S., and Mead, J. I., 1982, Late Quaternary envi-
ronments and biogeography in the Great Basin: Quaternary
Research, v. 17, p. 39-55.

Thompson, R. S., Oviatt, C. G., Roberts, A. P., Buchner, J.,
Kelsy, R., Bracht, C., Forester, R. M., and Bradbury, J. P.,
1995, Stratigraphy, sedimentology, paleontology, and pale-
omagnetism of Pliocene-early Plesitocene lacustrine
deposits in two cores from western Utah: U.S. Geological
Survey Open-File Report 95-1, 94 p. 

Thompson, R. S., Toolin, L. J., Forester, R. M., and Spencer, R.
J., 1990, Accelerator-mass spectrometer (AMS) radiocar-
bon dating of Pleistocene lake sediments in the Great
Basin: Palaeogeography, Palaeoclimatology, Palaeoecolo-
gy, v. 78, p. 301-313.

Thompson, R. S., Whitlock, C., Bartlein, P. J., Harrison, S. P.,
and Spaulding, W. G., 1993, Climatic changes in the west-
ern United States since 18,000 yr B.P., in Wright, H. E., Jr.,
Kutzbach, J. E., Webb, III, T., Ruddiman, W. F., Street-Per-
rott, F. A., and Bartlein, P. J., editors, Global climates since
the last glacial maximum: Minneapolis, University of Min-
nesota Press, Minneapolis, p. 468-513.

Townsend, J. K., 1978, Narrative of a journey across the Rocky
Mountains to the Columbia River: Lincoln, University of
Nebraska Press, 259 p. 

Trautman, M. B., 1981, The fishes of Ohio: Columbus, Ohio
State University Press, p. 782.

Van Devender, T. R., 1973, Late Pleistocene plants and animals
of the Sonoran Desert; a survey of ancient packrat middens
in southwestern Arizona [Ph.D. dissertation]: Tucson, Uni-
versity of Arizona, 179 p.

Van Devender, T. R., 1990, Late Quaternary vegetation and cli-
mate of the Sonoran Desert, United States and Mexico, in
Betancourt, J. L.,Van Devender, T. R., and Martin, P. S.,
editors, Packrat middens -- the last 40,000 years of biotic
change: Tucson, University of Arizona Press, p. 134-163.

Van Devender, T. R., Thompson, R. S., and Betancourt, J. L.,
1987, Vegetation history of the deserts of southwestern
North America -- the nature and timing of the Late Wis-
consin-Holocene transition, in Ruddiman, W. F., and
Wright, H. E., Jr., editors, North America and adjacent
oceans during the last deglaciation: Boulder, Colorado,
Geological Society of America, Geology of North America,
v. K-3, p. 323-352.

Van de Water, P. K., Leavitt, S. W., and Betancourt, J. L., 1994,
Trends in stomatal density and 13C/12C ratios of Pinus flex-

ilis needles during last glacial-interglacial cycle: Science, v.
264, p. 239-243. 

Van Tyne, J., and Berger, A. J., 1959, Fundamentals of ornithol-
ogy: New York, John Wiley and Sons, 808 p. 

Vaughan, T. A., 1990, Ecology of living packrats, in Betancourt,
J. L.,Van Devender, T. R., and Martin, P. S., editors,  Pack-
rat middens -- the last 40,000 years of biotic change: Tuc-
son, University of Arizona Press, p. 14-27.

Vigg, S. C., and Koch, D. L., 1980, Upper lethal temperature
range of Lahontan cutthroat trout in waters of different
ionic concentrations: Transactions of the American Fish-
eries Society, v. 109, p. 336-339.

Viles, H. A., and Goudie, A. S., 1990, Tufas, travertines and
allied carbonate deposits: Progress in Physical Geography,
v. 14(1), p. 19-41 .

Wang, Y., Jahren, A. H., and Amundsen, R., 1997, Potential for
14C dating of biogenic carbonates in hackberry (Celtis)
endocarps: Quaternary Research, v. 47, p. 337-343.

Webb, III, T.,  Cushing, E. J., and Wright, H. E., Jr., 1983,
Holocene changes in the vegetation of the Midwest, in
Wright, H. E., Jr., editor, Late Quaternary environments of
the United States, Volume 2: Minneapolis, University of
Minnesota Press, p. 142-165.

Webster, W. D., and Jones, J. K., Jr., 1982, Reithrodontomys
megalotis: Mammalian Species, v.167, 5 p.

Weiss, P. V., and Verts, B. J., 1984, Habitat and distribution of
pygmy rabbits (Sylvilagus idahoensis) in Oregon: Great
Basin Naturalist, v. 44, p. 563-571.

Wells, P. V., 1976, Macrofossil analysis of wood rat (Neotoma)
middens as a key to Quaternary vegetational history of arid
America: Quaternary Research, v. 6, p. 223-248.

Wells, P. V., 1983, Paleogeography of montane islands in the
Great Basin since the last glaciopluvial: Ecological Mono-
graphs, v. 53, p. 341-382.

Welsh, S., Atwood, N., Higgins, L., and Goodrich, S., 1987, A
Utah flora: Great Basin Naturalist Memoirs, v. 9, 894 p.

Welty, J. C., 1982, The life of birds: Philadelphia, Saunders Col-
lege Publishing, p. 754.

West, N. E., Tausch, R. J., Rea, K. H., and Tueller, P. T., 1978,
Phytogeographical variation within juniper-pinyon wood-
lands of the Great Basin: Great Basin Naturalist Memoirs,
v. 2, p. 119-136.

Westenfelder, C., Birch, F. M., Baranowski, R. L., Rosenfeld,
M. J., Shiozawa, D. K., and Kablitz, C., 1988, Atrial natri-
uretic factor and salt adaptation in the teleost fish Gila
atraria: American Journal of Physiology, v. 256, p. 1281-
1286. 

Whitford, W. G., 1976, Temporal fluctuations in density and
diversity of desert rodent populations: Journal of Mammal-
ogy, v. 57, p. 351-369.

Wigand, P. E., 1997, A late-Holocene pollen record from Lower
Pahranagat lake, southern Nevada, USA -- high resolution
paleoclimatic records and analysis of environmental
responses to climate change, in Isaacs, C. M., and Tharp, V.
L., editors, Proceedings, thirteenth annual Pacific climate
(PACLIM) workshop, interagency ecological program,
April 15-18: California Department of Water Resources,
Sacramento, Technical Report 53, p. 63-77.

Wigand, P. E., and Rhode, D., in press, Great Basin vegetation
and late Quaternary aquatic history, in Hershler, R., Mad-
sen, D. B., and Currey, D. R., editors, Great Basin aquatic
system history: Smithsonian Contributions to Earth Sci-
ences 33.

189Late Quaternary paleoecology in the Bonneville basin



Wigand, P. E., and Mehringer, P. J., Jr., 1985, Pollen and seed
analyses, in Thomas, D. H., editor, The archaeology of
Hidden Cave, Nevada: Anthropological Papers of the
American Museum of Natural History, v. 61 (no. 1), p.
108-124.

Williams, S. J. B., 1990, Immunology and archaeology -- blood
residue analysis of three sites [M.S. thesis]: Portland, Ore-
gon, Portland State University, 67 p.

Wilson, D. E., and Reeder, D. M., 1993, Mammal species of the
world, second edition: Washington, D. C., Smithsonian
Institution Press, 1206 p.

Wolfe, J. A., 1981, Paleoclimatic significance of the Oligocene
and Neogene floras in northwestern North America, in
Niklas, K. J., editor, Paleobotany, paleoecology, and evolu-
tion 2: New York, Praeger, p. 79-101.

Workman, G. W., Maughan, W. T., Neilson, L. S., Hougaard,  T.
R., and Rawlings, E. M., 1992, Natural resource manage-
ment plan for the Hill Air Force Range, Wendover Air
Force Range, and Little Mountain Test Facility, Utah: Envi-
ronmental Management Directorate, Hill AFB, Utah (on
file). 

Wright, D. H., Currie, D. J., and Maurer, B. A., 1993, Energy
supply and patterns of species richness on local and re-
gional scales, in Ricklefs, R. E., and Schluter, D., editors,
Species diversity in ecological communities: Chicago, Uni-

versity of Chicago Press, p. 66-74.
Wunder, B. A., 1985, Energetics and thermoregulation, In,

Tamarin, R. H., ed., Biology of New World Microtus:
American Society of Mammalogists Special Publication  v.
8, p. 812-844.

Wurtzbaugh, W.,  Hawkins, C., and  Moreno, E., 1989, Inverte-
brate prey abundance and the diets of fishes in Bear Lake
(Utah-Idaho):  Transactions of the Bonneville Chapter,
Utah, American Fisheries Society.

Wydoski, R. S., and Whitney, R. R., 1979, Inland fishes of Wash-
ington: Seattle, University of Washington Press, 202 p. 

Zachary, C. G., and Oviatt, C. G., 1999, Paleoenvironmental
changes during the late-Pleistocene transition from Lake
Bonneville to Great Salt Lake: Geological Society of Amer-
ica Abstracts with Programs, v. 31, no. 7, p. 55.

Zielinski, G. A., and Mershon, G. R., 1997, Paleoenvironmental
implications of the insoluble microparticle record in the
GISP2 (Greenland) ice core during the rapidly changing
climate of the Pleistocene-Holocene transition: Geological
Society of America Bulletin, v. 109, p. 547-559.

Zoback, M. L., Anderson, R. E., and Thompson, G. A., 1981,
Cainozonic evolution of the state of stress and style of tec-
tonism of the Basin and Range province of the western
United States: Philosophical Transactions of the Royal
Society of London, Series A 300, p. 407-434.

190 Utah Geological Survey


