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a b s t r a c t
Bonneville Estates Rockshelter (eastern Nevada) preserves a record of changing hunting patterns from the
Paleoindian to the ethnohistoric periods. Diachronic changes in hunting patterns at Bonneville Estates, as well
as a host of other cave and open-air sites from the Great Basin are compared with eight broad climatic phases
recognized in the Great Basin. Recent studies of large-scale artiodactyl trapping structures and projectile point
frequencies present a more complete picture of long-term shifts in hunting strategies in the Great Basin. Overall,
there is much variability in the hunting of large and small game through time at individual sites, suggesting that
local environmental and social conditions exerted considerable inﬂuence in micro and macro scale hunting
patterns across the Great Basin. Creating an “average” Great Basin hunter by combining all the data analyzed
here suggests limited artiodactyl hunting during the Paleoindian period followed by an upward trend in large
game hunting through time. There is no signiﬁcant drop in artiodactyl hunting intensity at any time over the
last 5000 to 6000 years, despite major changes in climate and technology.
Published by Elsevier Ltd.

1. Introduction
Bonneville Estates Rockshelter (BER) is located in eastern Nevada
along the western margins of Pleistocene Lake Bonneville at approximately 5200′ in elevation (Fig. 1). This elevation marks the high water
stand of Pleistocene Lake Bonneville (Bonneville shoreline). BER was
carved by Lake Bonneville between about 18,500 and 17,200 calendar
years ago (cal BP) when the lake was at its highstand. Following the
drop in Lake Bonneville water levels to 4850′ elevation (Provo shoreline) about 17,200 cal BP, BER began accumulating terrestrial sediments.
During the Younger-Dryas (12,850–11,650 cal BP), Lake Bonneville
carved the Gilbert shoreline (Benson et al., 2011).
Ted Goebel (Texas A & M University), Kelly Graf (Texas A & M University), and I led excavations inside BER from 2000 to 2009. Deeply
stratiﬁed and well preserved deposits were recovered dating from the
Late Pleistocene to the Recent climatic phases (Table 1). The full series
of radiocarbon dates have yet to be published from BER, but Table 1
summarizes the 20 recognizable strata identiﬁed from the site, as well
as their radiocarbon ages based on the dating of charcoal recovered
from dozens of intact hearth features (e.g., Graf, 2007), as well as coprolites (Albush, 2010). Previous publications have summarized the BER
stratigraphic, lithic, and faunal records from the Late Pleistocene
and Middle Holocene-aged levels (Goebel, 2007; Graf, 2007; Hockett,
2007). In addition, Schmitt and Lupo (2012) recently published
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paleoecological interpretations of the BER faunal record based on
Rodentia remains.
This paper has four goals: (1) report the artiodactyl, leporid, carnivore, large bird and insect remains from BER; (2) correlate changes in
large and small animal hunting strategies at BER and other caves and
open-air sites from the Great Basin with eight broad climatic phases recognized in the region; (3) combine these data with recent studies of
large-scale artiodactyl trapping structures and projectile point frequencies to present a more complete picture of long-term shifts in hunting
strategies in the Great Basin; and (4) brieﬂy discuss the implications
of these data for understanding the variability in subsistence practices
that Great Basin archaeologists encounter at individual sites (microscale patterns) and from regional perspectives (macro-scale patterns).
2. Materials and methods
2.1. Brief description of climatic phases
The climatic phases listed in Table 1 are further characterized in
Table 2. Brieﬂy, relatively cool and wet conditions prevailed across
much of the Great Basin during the Late Pleistocene and Early Holocene
until approximately 9500 cal BP, although warm and wet conditions
prevailed by 11,700 cal BP in the southern Great Basin (Hockett,
2000). The warmer and drier conditions of the Middle Holocene are discernible by 9500 cal BP, recognized by a changeover from mesic to
xeric-adapted fauna at a number of key Great Basin sites, including
Homestead Cave, Utah (Grayson, 2000a) and Bonneville Estates
Rockshelter, Nevada (Hockett, 2007; Schmitt and Lupo, 2012), both
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Fig. 1. General location of Bonneville Estates Rockshelter in relation to Danger Cave and the three latest Pleistocene shorelines of Lake Bonneville.

located in the northern Bonneville Basin, and Pintwater Cave, southern
Nevada (Hockett, 2000). Middle Holocene climate appears to ameliorate after ca. 5800 cal BP, a likely reason why archaeological sites across
many areas of the Great Basin are re-occupied following abandonment
or reduced occupational densities, including Bonneville Estates
Rockshelter (see below). The generally cooler and wetter climate of
the Late Holocene, and especially the Neoglacial/Neopluvial between
about 5100 and 2650 cal BP, saw the return of extensive marshland habitat across many areas of the northern and central Great Basin region,
and was dubbed the “Good Times” by Elston (1982). Scott Mensing

(2014) has been at the forefront of deﬁning a millennial-scale drought
in the Great Basin between about 2650 and 1650 cal BP, sandwiched between the Neoglacial and the globally-recognized Medieval Climatic
Anomaly of 1650 to 650 cal BP. In the Great Basin, the Medieval Climatic
Anomaly witnessed a switch from winter to summer precipitation that
had rather profound effects on plant and animal distribution patterns
and density (e.g., increases in grasses and bison [Bison bison] populations), as well as human economic and cultural change (e.g., the Formative Period [Fremont horticulture] in the eastern Great Basin). The
summer precipitation pattern broke by 650 cal BP, with the last six to
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Table 1
Climatic phases, their ages, and correlates to the BER strata.
CLIMATE PHASE

AGE (CAL BP)

BER strata

Little Ice Age (recent)
Medieval Climatic Anomaly
Late Holocene Drought
Neoglacial (Neopluvial)
Early Late Holocene
Transitional
Middle Holocene
Late Pleistocene (Younger Dryas) & Early Holocene
Pre-Younger Dryas

650–present
1650–650
2650–1650
3500–2650
5100–3500
5800–5100
9400–5800
12,850–9400
12,850–17,200

1–2
3
4–7
8
9–10
11–13
14–16
17–18
19–20a

a

Strata 19–20 contain paleontological materials only.

seven centuries being dominated by relatively shorter-term shifts in
seasonal precipitation and temperature swings, and the majority of
moisture falling during the winter months in the northern and central
Great Basin.
2.2. Faunal patterns at Bonneville Estates Rockshelter in relation to climatic
cycles
Table 3 lists the Number of Identiﬁed Specimens (NISP) and Minimum Number of Individuals (MNI) values for the Bonneville Estates
artiodactyl, leporid, carnivore, large bird, and insect remains. The vast
majority of artiodactyl bones recovered from Bonneville Estates
consisted of extensively fractured long bones (see Fig. 2 below). This
made species designation for many of these elements difﬁcult because
mountain sheep (Ovis canadensis), deer (Odocoileus hemionus), and
pronghorn (Antilocapra americana) remains were all found throughout
the deposits. It is clear that long bone processing for marrow extraction
occurred inside the shelter, and that both the fractured long bones, as
well as often-fractured long bone ends were deposited alongside each
other. I therefore took a conservative approach at species identiﬁcation,
and only assigned such identiﬁcations to those long bone ends or shaft
fragments that could be conﬁdently assigned to a particular species.
Because the long bone ends, foot bones, and mandibles/maxillae were
typically found clustered together, the MNI values reported in Table 3
afford an accurate estimate of the actual numbers of individual artiodactyls recovered from each climatic cycle.
In contrast, the small animals, in particular leporids (rabbits and
hares) and sage grouse (Centrocercus urophasianus) were processed differently than the artiodactyls. While the processing of individual artiodactyl carcasses resulted in the production of hundreds, and in some
cases, thousands of long bone shaft fragments, most of the leporid and
sage grouse bones were either complete or near-complete elements.
As a result, using NISP values in the calculations below would have
grossly overinﬂated the contribution of large game in relation to small
game. In sites in which such vast differences in carcass processing
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Table 3
Number of Identiﬁed Specimens (NISP) and Minimum Number Of Individuals (MNI; in parentheses) of artiodactyl, leporid, large bird, carnivore, and insects identiﬁed from
Bonneville Estates Rockshelter.
Climate phase
Animal

LIA

MCA

LHD

NEO

ELH

TRANS

MH

LP/EH

Pronghorn
Mnt. sheep
Deer
Bison
Hare
Rabbit
Sage Grouse
Black bear
Bobcat
Coyote
Badger
Weasel
Katydids

10(2)
2(1)
0(0)
3(2)
4(1)
0(0)
0(0)
0(0)
0(0)
1(1)
0(0)
0(0)
0(0)

30(1)
9(1)
0(0)
13(1)
9(1)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

363(7)
8(3)
2(2)
2(1)
149(14)
1(1)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

10(1)
1(1)
0(0)
0(0)
3(1)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

19(1)
2(1)
0(0)
5(1)
6(2)
0(0)
0(0)
0(0)
2(1)
0(0)
0(0)
0(0)
0(0)

16(3)
1(1)
1(1)
2(1)
30(4)
10(2)
7(2)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

22(2)
8(2)
1(1)
1(1)
9(1)
55(6)
22(2)
0(0)
12(1)
0(0)
1(1)
1(1)
0(0)

7(1)
3(1)
1(1)
1(1)
218(13)
622(59)
619(18)
1(1)
1(1)
0(0)
0(0)
9(3)
21(21)

techniques are evident, MNI is a more accurate measure of relative contribution of large versus small game than NISP. Table 4 displays the
small-game index (SGI) values (MNI leporids + sage grouse/MNI
[leporids + sage grouse] + [artiodactyls]) for Bonneville Estates.
BER is the only site excavated to date in the Great Basin that contains
a faunal record of human hunting strategies in which each of the eight
climatic phases are represented from a single locale. These data demonstrate a paleobiological change from predominantly rabbits to a preponderance of hares across the Late Pleistocene/Early Holocene and Middle
Holocene transition when the climate turned much warmer and drier.
This change in representation of leporid genera from Sylvilagus/
Brachylagus (cottontails/pygmy rabbits) to Lepus (jackrabbits or hares)
at this time has been documented at a number of sites across the northern Great Basin (Grayson, 2000b). There are also a number of mesicadapted animals in the Late Pleistocene/Early Holocene deposits
that are much rarer or absent in the later-dating deposits, including
sage grouse and black bear (Ursus americanus), as well as marmot
(Marmota ﬂaviventris), northern pocket gopher (Thomomys talpoides)
and bushytail woodrat (Neotoma cinerea) (Schmitt and Lupo, 2012).
The changeover from a more mesic “Pleistocene” fauna to a more
xeric “Holocene” fauna occurs at BER by ca. 9500 cal BP (8300 14C BP),
marking the beginning of the Middle Holocene in the northern Great
Basin.
Four species of artiodactyls were hunted near BER: pronghorn,
mountain sheep, deer, and bison. There is scant evidence for carnivore
modiﬁcation on the artiodactyl remains, while percussion marks from
the breaking of long bones to extract marrow (Fig. 2), as well as stone
tool cut marks are common, suggesting humans deposited nearly all
of these bones inside BER.

Table 2
Characterization of Great Basin climatic phases used in this analysis. Age of the peak events in the recognized millennial-scale climatic cycles in the Bonneville Basin after Madsen
(2000:169, Table XLIX) and Madsen et al. (2005:22, Table 2.1). The ages of the general climatic phases in Table 1 closely correspond to the peak climatic cycles presented in Madsen
(2000) and Madsen et al. (2005).
Climate phase

Peak events

General description

Primary references

Little Ice Age (Recent)
Medieval Climatic Anomaly
Late Holocene Drought

650 cal BP
1550 cal BP
2800 cal BP

Madsen et al. (2005)
Curry and James (1982)
Mensing (2014)

Neoglacial (Neopluvial)
Early Late Holocene
Transitional
Middle Holocene
Late Pleistocene (Younger Dryas) &
Early Holocene
Pre-Younger Dryas

n/a
4100 cal BP
5500 cal BP
8200 cal BP
9500, 10,200, 11,100 and
12,500 cal BP
N13,000 cal BP

Predominantly winter-wet and seasonal
Summer wet; warm
Dry throughout much of Great Basin; possibly wet in
northern Great Basin
Winter-wet; cool
Winter-wet and seasonal
Amelioration from the Middle Holocene
Warm and dry
Cool and wet (north); warm and wet (south)
Cool and wet

Madsen et al. (2005)

Madsen et al. (2005)
Madsen et al. (2005)
Thomas (2013)
Madsen et al. (2005); Hockett (2007)
Madsen et al. (2005); Hockett (2000)
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Fig. 2. Typical artiodactyl long bone fragmentation pattern at BER caused by hard hammer percussion in order to extract marrow. These specimens are from stratum 7 (Late Holocene
Drought).

Pronghorn and mountain sheep were the most ubiquitous artiodactyls, as they were recovered in each of the eight climatic phases (Fig. 3).
As has been discussed elsewhere, there is an upward trend in artiodactyl
hunting during the warm and dry Middle Holocene/Transitional phases
following a cool and moist Late Pleistocene/Early Holocene focus on
smaller game (Hockett, 2007; Pinson, 2007; Janetski et al., 2012). Over
the past 13,000 years, however, pronghorn, mountain sheep, and deer
were most numerous in the Late Holocene Drought climatic phase of
ca. 2650 to 1650 cal BP at BER. In addition, artiodactyl hunting was relatively strong during the ethnohistoric period (Little Ice Age climatic
phase) of the last 700 years.
Hare (Lepus spp.) and cottontail (Sylvilagus spp.) bones were common, and similar to the large fauna there is scant evidence for any noncultural modiﬁcation to these bones. Owl pellets and carnivore scats
were rare; leporid bones found with hair and fur packed within individual bone cavities were rare; and gastric digestion damage (e.g., thinning
and polishing) was rare. As well, long bone diaphysis cylinders created
by humans snapping the ends off long bones to extract marrow were
relatively common (Fig. 4; see also Hockett, 1991, 1995). These data
suggest that humans deposited the majority of leporid bones as food
waste inside the shelter.
Leporids were hunted most frequently during the period 13,000
to 5800 cal BP. Hares were hunted in the same frequency during the

Table 4
Small game index (SGI) values from Bonneville Estates Rockshelter. Values are based on
Minimum Number of Individuals (MNI).

Climate phase
Little Ice Age
Medieval Climatic Anomaly
Late Holocene Drought
Neoglacial/Neopluvial
Early Late Holocene
Transitional
Middle Holocene
Late Pleistocene/Early Holocene

Artiodactyls

Hares

Sage grouse

SGI

5
3
13
2
3
6
6
4

1
1
4
1
2
4
14
13

0
0
0
0
0
2
2
18

.17
.25
.24
.33
.40
.50
.73
.89

warm and dry Middle Holocene as they were during the cool and
moist Late Pleistocene/Early Holocene. Beginning about 5800 cal BP
(Transitional phase), hare hunting remained at relatively low levels
throughout the remainder of the Holocene. Cottontail hunting, however, dropped dramatically beginning in the Middle Holocene, which was
probably inﬂuenced by fewer cottontails on the landscape near BER
when the climate turned warm and dry after ca. 9500 cal BP; rabbit
hunting remained at low levels thereafter. Leporid long bone cylinders
created by snapping the ends off of these bones in order to consume
marrow (Hockett, 1991; Schmitt, 1986) appear during the Late Pleistocene/Early Holocene (Fig. 4), indicating a long-standing (13,000 years)
continuity in this dietary practice in the Great Basin.
Sage grouse was recovered prior to the Late Holocene (prior to ca.
5100 cal BP), especially during the Late Pleistocene/Early Holocene
(Fig. 5; see also Hockett, 2007). Sage grouse bones may be separated
into male and female samples based on size (Figs. 5–7), as males tend
to be signiﬁcantly larger than females (Grayson, 1977b). The fact that
both males and females were captured together near BER suggests
that these birds were hunted off leks during the mating season. Male
sage grouse currently congregate on leks and perform their dances to attract females in the early Spring, during March and April (Wiley, 1973).
It is possible, however, that the months in which lekking occurred differed during the Late Pleistocene near BER compared to today. In any
case, the ﬂat, wave-cut Lake Bonneville benches or beach terraces in
front of BER and the surrounding landscape, together with dense stands
of mature sagebrush as suggested by the presence of pygmy rabbit
(Brachylagus idahoensis) remains at this time probably created ideal
conditions for sage grouse leks, and early human foragers along the
western margins of the lake were drawn here to hunt grouse at these
times. A similar hunting strategy has been suggested during the
early Late Holocene at Table Mountain in the Monitor Range of central
Nevada (Thomas, 1988).
A variety of carnivores were recovered from BER, none in abundance. As mentioned, there is scant evidence for carnivore modiﬁcation
on any of the bones from the shelter apart from small rodents, and the
paucity of carnivore remains, especially subadult individuals, suggests
that carnivores were not denning inside the shelter. Of interest is the
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Fig. 3. Artiodactyl mandible fragments from BER. Top row: mule deer (Odocoileus hemionus); middle row: mountain sheep (Ovis canadensis); bottom row: pronghorn
(Antilocapra americana).

presence of a burned ﬁrst phalanx of black bear in the Late Pleistocene
deposits, as bear remains of any kind are rare throughout the Great
Basin (Hockett and Dillingham, 2004).
Finally, well preserved specimens of the western longwing katydid
(Capnobotes occidentalis) were lying in direct association with Late
Pleistocene/Early Holocene-aged hearths in the western portion of the
shelter. These specimens were undoubtedly human food leftovers;
most were nearly whole and missing their back legs (see Hockett,

2007). Removing the back legs of grasshoppers prior to consumption
is a common practice among humans in order to prevent the legs
from becoming lodged in the esophagus, as well as to prevent the
barbs protruding from the legs from damaging the throat (Taylor,
1975). A variety of insects were consumed ethnographically in the
Great Basin including grasshoppers and crickets (Skinner, 1910), and
the well preserved katydids of BER demonstrate that insects have
been on the menu in this part of North America for 13,000 years.

Fig. 4. Lepus long bone diaphysis cylinders from stratum 18 (Late Pleistocene) at BER. Left to right: tibia, tibia, tibia, humerus, femur, femur.
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Fig. 5. Sage grouse male and female proximal humeri from stratum 18 (Late Pleistocene) at BER demonstrating sexual dimorphism. Left to right: male, female, male, female.

Table 5 displays either artiodactyl index values (MNI artiodactyls/
MNI artiodactyls + MNI hares), artiodactyl NISP/century values
(number of artiodactyl bones identiﬁed per century per climatic
phase), or artiodactyl MNI/century values (number of artiodactyl individuals per century per climatic phase) (after Hockett, 2005) for nine
caves, rockshelters, or open-air locales from the Great Basin, including
Bonneville Estates Rockshelter. Faunal remains have been inconsistently reported in the Great Basin literature over the years; hence, different
indices must be used at individual sites, but each index generates values
that allow for relative comparisons of large and small game hunting
patterns through time between these sites (Figs. 8–10).
Sites that contain Late Pleistocene/Early Holocene fauna that supplement the BER data include North Creek Shelter, Utah (Janetski et al.,
2012), Paisley Caves, Oregon (Hockett and Jenkins, 2013), the Weed

Lake Ditch Site, Oregon (Wriston, 2003), Danger Cave, Utah (Grayson,
1988), Spirit Cave, Nevada (Napton, 1997), and sites from the northwestern Great Basin (Oregon) (Pinson, 2007).
Middle Holocene-aged fauna that supplement the BER data include
North Creek Shelter, the northwestern Great Basin, Hogup Cave, Utah
(Aikens, 1970), Camel's Back Cave, Utah (Schmitt and Madsen, 2005),
O'Malley Shelter, Nevada (Fowler et al., 1973), Sudden Shelter, Utah
(Jennings et al., 1980), and Swallow Shelter, Utah (Dalley, 1976).
The transitional climatic phase utilizes data from all of these sites
plus Pie Creek Shelter, Nevada (McGuire et al., 2004) and Dirtyshame
Rockshelter, Oregon (Grayson, 1977a).
Early Late Holocene-aged fauna that supplement the BER data include
Swallow Shelter, Camels Back Cave, Pie Creek Shelter, Hogup Cave,
Sudden Shelter, and O'Malley Shelter. Neoglacial/Neopluvial-aged fauna
include BER, Sudden Shelter, Camels Back Cave, Hogup Cave, Pie Creek
Shelter, Swallow Shelter, the northwestern Great Basin, James Creek
Shelter, Nevada (Elston and Budy, 1990), and Gatecliff Shelter, Nevada

Fig. 6. Bimodal distribution of male and female sage grouse based on ulna shaft width
(x-axis) to shaft breadth (y-axis). Male ulna shaft widths range between 6.6 and
7.4 mm; shaft breadths range between 5.5 and 6.2 mm. In contrast, female ulna shaft
widths range between 5.3 and 6.3 mm; shaft breadths between 4.2 and 5.5 mm.

Fig. 7. Bimodal distribution of male and female sage grouse based on tibiotarsus shaft
width (x-axis) to shaft breadth (y-axis). Male tibiotarsus shaft widths range between
6.8 and 7.4 mm; shaft breadths between 6.0 and 6.7 mm. In contrast, female tibiotarsus
shaft widths range between 5.3 and 5.9 mm; shaft breadths between 4.3 and 5.4 mm.

2.3. Faunal patterns at additional Great Basin sites in relation to the climatic
cycles
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Table 5
Summary of large game hunting trends for nine caves, rockshelters, or open-air sites in the Great Basin.
Climate phase

Site/locale
Bonneville Estates Rockshelter
Northwestern Great Basin
Pie Creek Shelter
Sudden Shelter
Swallow Shelter
James Creek Shelter
O'Malley Shelter
Hogup Cave
Camels Back Cave

LIA

MCA

LHD

Neo

ELH

Trans

MH

LP/EH

Value

.83
.26
.20
–
1.8
0.0
2.0
1.2
2.2

.75
.01
.20
–
1.4
6.8
.5
1.6
9.1

.76
.16
.30
–
.7
2.6
.1
2.9
3.9

.67
.19
.30
–
2.2
3.1
–
2.0
–

.60
.17
.46
.64
.13
–
.13
2.1
1.8

.50
.06
.36
.74
.03
–
.17
1.6
.14

.37
.10
.74
.03
–
.17
1.6
.75

.11
0.0
–
–
–
–
–
–
–

Artio index
Artio index
Artio index
Artio Index
MNI/century
NISP/century
MNI/century
MNI/century
NISP/century

(Thomas, 1983). Late Holocene Drought, Medieval Climatic Anomaly, and
Little Ice Age fauna each utilize data recovered from BER, the northwestern Great Basin, Pie Creek Shelter, Swallow Shelter, James Creek Shelter,
O'Malley Shelter, Hogup Cave, and Camels Back Cave.

2.4. Projectile point frequency data in relation to Great Basin climatic cycles
Further supplementing these faunal data are previously published
projectile point frequencies per century for approximately two dozen
subregions across Nevada (Hockett, 2009; Table 6 and Fig. 11). These
data are based on the assumption that projectile points were used primarily to kill artiodactyls, and therefore changing frequencies through
time also reﬂect changing intensities of hunters targeting large prey.
Most of the projectile point styles deﬁned in the Great Basin generally correspond to different climatic cycles, suggesting that broad
changes in climate are correlated with changes in point styles (see
Table 6). This correlation may simply reﬂect stylistic changes within
the same ethnic groups, or they may represent migrations of new peoples into the Great Basin. The primary point style that bucks this trend is
the Elko Series point. Elko Series points (a dart point style) may be substantially older in the eastern and northern Great Basin subregions than
in the western and central Great Basin subregions, although recent
studies have questioned this broad interpretation (Hockett et al.,
2014). Elko points are also occasionally found in the “Maggie Creek”
phase along with arrow points, particularly in Fremont sites located in
the eastern Great Basin, but most Elko points across the Basin date between approximately 4000 and 1500 years ago, and so they have been
placed within this time frame for the purposes of this analysis.

2.5. Large-scale trap features in relation to Great Basin climatic cycles
The wealth of data accumulating on the construction of large-scale
trap features also serves as a proxy for changing intensities of artiodactyl hunting through time via communal hunts (Hockett, 2005; Jensen,
2007; Hockett and Murphy, 2009; Hockett et al., 2013). Many of these
traps are associated with catastrophically shattered projectile points;
in addition, “kill spots” containing dense concentrations of projectile
points within or near these traps provide evidence for large-scale hunting of artiodactyls at these facilities (Hockett and Murphy, 2009). The
relative ages of use of these traps can be estimated using point type
chronology (Table 6).
Of the traps listed in Hockett and Murphy (2009) and Hockett et al.
(2013), 89 contain projectile points in direct association with these features. The number of occurrences of the different projectile point types
at each of these traps provides long-term estimates of the degree of
large game hunting via trap construction and communal hunting of
artiodactyls (Fig. 12).
3. Results: artiodactyl hunting intensity in relation to climate
change in the Great Basin
How do the patterns of large and small game hunting in relation to
climatic phases at BER compare to other sites across the Great Basin?
The broad patterns observed within each climatic phase are brieﬂy
discussed below.
3.1. Late Pleistocene and Early Holocene subsistence fauna
Sites with good faunal preservation, including BER, North Creek
Shelter, Paisley Caves and sites in the northwestern Great Basin suggest
a strong emphasis on small game procurement relative to artiodactyl
hunting during the cool and moist Late Pleistocene and Early Holocene.

Fig. 8. Trends in large versus small game hunting patterns at Bonneville Estates
Rockshelter (BER), open-air sites in the northwestern Great Basin (NW GB), Pie Creek
Shelter (Pie Creek), and Sudden Shelter (Sudden) based on standard artiodactyl index
values calculated per climatic cycle.

Fig. 9. Trends in large game hunting patterns at Swallow Shelter (Swallow), O'Malley
Shelter (OMalley), and Hogup Cave (Hogup) based on number of artiodactyl individuals
recovered per century within each climatic cycle.
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Fig. 10. Trends in large game hunting patterns at James Creek Shelter (James) and Camels
Back Cave (Camels) based on number of identiﬁed artiodactyl specimens recovered per
century within each climatic cycle.

At BER, for example, the small game index, or SGI for the Late Pleistocene and Early Holocene occupations is .89 (Table 4), suggesting a
heavy reliance on small game. The combined faunal assemblage
from the sites analyzed here indicate high resource diversity, with
large and small terrestrial mammals (bison, deer, mountain sheep,
pronghorn, bear, hare, cottontail, and marmot), ﬁsh, birds (sage grouse
and duck [Anas spp.]), and insects (katydids and mormon crickets
[Anabrus simplex]) represented in sites such as BER, Paisley Caves,
Danger Cave, the Weed Lake Ditch site, and Spirit Cave. In the western
Nevada-northeastern California region at this time, Carpenter
(2002:50) also noted that the “… taxonomic composition reﬂects a
near complete reliance on small mammals, ﬁsh, and birds, which account for over 95% of the assemblage.” The overall modest degree of
large game hunting during the Paleoindian/Paleoarchaic Period may
be a pan-American phenomenon (Speth et al., 2013).
3.2. Middle Holocene and Transitional subsistence fauna
The Middle Holocene, also known as the Altithermal (Antevs, 1948)
(ca. 9400–5100 cal yr B.P.) may be generally characterized as displaying
the beginnings of an upward trend in artiodactyl hunting across much
of the Great Basin, as evidenced at BER, North Creek Shelter, Hogup
Cave, Sudden Shelter, O'Malley Shelter, Gatecliff Shelter, Pie Creek Shelter, Dirtyshame Rockshelter, and sites from the northwestern Great
Basin (Figs. 8–11). The SGI at BER dropped to .73 (Middle Holocene)
and .50 (Transitional) for an average of .65 from its Late Pleistocene/
Early Holocene high of .89, suggesting an increased emphasis on large
game hunting (Table 4). Nevertheless, at BER in particular overall dietary diversity remains relatively consistent during this time (see also
Albush, 2010). The emergence of communal artiodactyl hunting by
the Transitional climatic phase (Fig. 12), based on the presence of
Large Side-Notched (ca. 8500–6000 cal BP) point concentrations at or
near existing drive lines and corrals is also evidenced at sites such as
Mount Augusta, Cobre, Hill, Player Ridge, and Excelsior in the western
and north-central Great Basin (Hockett et al., 2013). Projectile point

Fig. 11. Great Basin projectile point numbers per century.
(After Hockett, 2009, 2010).

frequencies for Large Side-Notched points found in open-air contexts
are relatively low (Hockett, 2009:196, Fig. 3), but relatively high in
cave and rockshelter contexts (Hockett, 2009:203, Fig. 10). These data
agree with an upward trend and increasing reliance on artiodactyls
during the Middle Holocene compared to the Late Pleistocene/Early
Holocene time period.

3.3. Early Late Holocene subsistence fauna
Artiodactyl hunting continued to increase during the Early Late Holocene (ca. 5100–3500 cal yr B.P.) at BER, Swallow Shelter, Camels Back
Cave, Pie Creek Shelter, and Hogup Cave compared to Middle Holocene
levels (Figs. 8–10). This pattern is repeated across the northern tier of
the Great Basin (McGuire et al., 2014). In contrast, artiodactyl hunting
decreased or stayed relatively consistent with Middle Holocene levels
at Sudden Shelter, Utah (Fig. 8) and O'Malley Shelter, Nevada (Fig. 9).
Projectile point concentrations of Humboldt and Gatecliff series projectile points (ca. 6000–4000 cal BP) at valley and near-valley locations in
the Spruce Complex area of northeastern Nevada, the Tunna Nosi region
of western Nevada/eastern California, and Big Smoky Valley in central
Nevada suggest a continuation and possible increase in communal
pronghorn trapping in these regions through the Transitional and
Early Late Holocene climatic phases during the South Fork Phase
(Fig. 12). Upland communal hunting of bighorn sheep or deer is evidenced at several rock-walled and rock cairn drive lines, including
Fort Sage, Mount Augusta, and Player Ridge (Hockett et al., 2013).
Projectile point frequencies for Gatecliff and Humboldt points in openair contexts show a 3-fold increase in frequency compared to Large
Side-Notched points, and a moderate drop in frequency in cave and

Table 6
Correspondence of projectile point types with climatic cycles in the Great Basin.
Phase

Point style(s)

Climatic cycle(s)

Eagle Rock

Little Ice Age

Maggie Creek
James Creek

Desert Side-Notched;
Cottonwood
Rose Spring; Eastgate; Elko
Elko; Martis

South Fork
Pie Creek
Dry Gulch
Izzenhood

Gatecliff; Gypsum; Humboldt
Large side-notched; Pinto
Western stemmed
Western stemmed; Clovis

Medieval Climatic Anomaly
Late Holocene Drought;
Neoglacial
Early Late Holocene
Transitional; Middle Holocene
Early Holocene; Late Pleistocene
Late Pleistocene

Fig. 12. Number of point type occurrences found at large-scale traps and kill spots in the
Great Basin.
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rockshelter contexts (Fig. 11; see also Hockett, 2009). These data suggest a continuing upward trend in artiodactyl hunting intensity during
the Transitional/Early Late Holocene compared to Middle Holocene
levels.
3.4. Neoglacial/Neopluvial subsistence fauna
The Neoglacial or Neopluvial climate fostered increasing surface
water in the Great Basin between ca. 3500 and 2650 cal yr B.P. Lowland
marshes expanded across much of the Great Basin, and a strong aggradation of sediments occurred along rivers and streams such as the
Truckee River near Reno (Stoner et al., 2006). Two high-elevation sites
(Sudden Shelter and Gatecliff Shelter) and one low-elevation site
(Camels Back Cave) were largely abandoned during this time. Although
the intensity of artiodactyl hunting was slightly lower at Hogup Cave
(Fig. 9) and Pie Creek Shelter (Fig. 8), large game procurement
remained relatively consistent with Early Late Holocene levels at Swallow Shelter (Fig. 9), James Creek Shelter (Fig. 10), and sites in the northwestern Great Basin (Fig. 8). At BER, the SGI dropped to .33, suggesting a
greater reliance on large game compared to Early Late Holocene levels
(Table 4). Additionally, communal artiodactyl hunting may have continued at relatively high levels based on numerous concentrations of Elko
or Martis Series projectile points at Spruce Complex in northeastern Nevada, Tunna Nosi in western Nevada, and other drive line facilities in
central, western, and northeastern Nevada during the James Creek
Phase (Fig. 12; Hockett et al., 2013).
3.5. Late Holocene Drought subsistence fauna
Lowland marsh productivity decreased during the Late Holocene
Drought (ca. 2650–1650 cal yr B.P.), and an increase in upland resource
use is documented in many areas of the Great Basin (Delacorte, 2002).
Upland resource use is aptly documented at sites such as Gatecliff Shelter which was reoccupied following its Neoglacial abandonment, and
villages were constructed for the ﬁrst time at the high altitude Alta
Toquima and White Mountains sites (Bettinger, 1991; Thomas, 2013).
In addition, some valley ﬂoor sites in Big Smoky Valley lying below upland sites such as Gatecliff Shelter and Alta Toquima were abandoned
following their initial occupation during the Neoglacial (Brockway,
2014). Current research suggests that the “Late Holocene Drought”
was actually a mesic event in the northern reaches of the Great Basin,
and a xeric event in the central Great Basin (Mensing, 2014). Much variation is seen at individual sites during this period. BER appears to lie
near the mesic-xeric boundary of this climatic phase, and large game
hunting increased at this site, as well as at other lowland sites such as
Camels Back Cave and Hogup Cave (Figs. 9–10). In contrast, reductions
in artiodactyl hunting intensity are seen at Swallow Shelter (Fig. 9).
Large game hunting increased at the upland Gatecliff Shelter site, but
remained consistent with Neoglacial levels at James Creek Shelter, Pie
Creek Shelter, and sites in the northwestern Great Basin (Figs. 8 and
10). Additionally, communal hunting of pronghorn continued at Spruce
Complex, and recent dating of artiodactyl remains from the Locus 191
site in Little Smoky Valley, central Nevada, associated with a series of
large-scale trap features squarely rest within the Late Holocene Drought
time frame (Ed Stoner, personal communication, July 2014).
3.6. Medieval Climatic Anomaly subsistence fauna
The Medieval Climatic Anomaly (ca. 1650–650 cal yr B.P.) was a period of increasing summer rainfall which fostered the expansion of grass
and bison (Curry and James, 1982), but these summer rains also increased erosional processes and decreased Great Basin lake levels
(Nials, 1999; Grayson, 2011). Artiodactyl hunting intensity during this
time must be assessed with a major change in hunting technology —
the advent of the bow-and-arrow (Carpenter, 2002; Hockett, 2009,
2010; Hughes, 2003). Despite the widespread use of bow-and-arrow
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technology, artiodactyl hunting intensity was varied across the Great
Basin. Large game hunting increased at Gatecliff Shelter, Swallow
Shelter (Fig. 9), James Creek Shelter and Camels Back Cave (Fig. 10),
and O'Malley Shelter (Fig. 9); remained consistent with Late Holocene
Drought levels at Pie Creek Shelter and BER (Fig. 8); and reduced in intensity at Hogup Cave (Fig. 9) and sites in the northwestern Great Basin
(Fig. 8). Communal kills of mountain sheep are indicated at Gatecliff
Shelter Horizon 2 (ca. 800 cal BP), a pattern that differed from the individual sheep kills suggested during earlier times of occupation of the
shelter (Thomas, 1983).
Projectile point numbers per century are highest for the Rose Spring/
Eastgate Series compared to any other period in Great Basin prehistory
(Fig. 11; Hockett, 2009, 2010). Interestingly, however, the communal
hunting of artiodactyls may have been less frequent in some places in
the Great Basin (Fig. 12). The Spruce Complex contains a single highdensity Rose Spring/Eastgate projectile point concentration in eastern
Nevada, while communal artiodactyl hunting continued at Anchorite
Pass, western Nevada (Hall, 1990), and a pronghorn corral was constructed, perhaps for the ﬁrst time, in southern Huntoon Valley in western Nevada (Parr, 1989).
Village sites and rockshelters both display relatively high diversity of
faunal resources during this climatic cycle. The inhabitants of the Vista
Site, located along the Truckee River in the Reno-Sparks area of western
Nevada, exploited terrestrial mammals (deer, pronghorn, mountain
sheep, coyote, bobcat, hare, cottontail), ﬁsh, and freshwater mussels
(Schmitt, 1986). At South Fork Shelter, northeastern Nevada, residents
enjoyed freshwater mussels (Heizer et al., 1968), including the construction of a ‘mussel oven’ (Spencer et al., 1987), as well as deer, mountain sheep, hare, cottontail, and marmot.
The summer-wet and relatively equable temperatures of the Medieval Climatic Anomaly had relatively profound effects on other aspects of
Great Basin settlement and subsistence patterns. The summer-wet precipitation pattern enhanced the density of grasses, and bison expanded
its range into the eastern and southern Great Basin (Curry and James,
1982; Grayson, 2006). Most bison kills from the Great Basin date to
this time period (Grayson, 2006), adding bison to the menu at a number
of sites in northeastern Nevada.
3.7. Little Ice Age subsistence fauna
The climate of the ﬁnal phase of Great Basin prehistory prior to
Euroamerican contact (ca. 650/500–150 cal yr B.P.) witnessed a return
to a predominantly winter-wet and seasonal condition. There is no
shortage of evidence for major restructuring in settlement and subsistence patterns across much of the Great Basin, including the abandonment of Fremont horticulture and villages in the eastern Great Basin,
increased mobility seen in greater use of nonlocal toolstones at many
sites, and changes in ceramic production from painted and utilitarian
gray wares (Fremont) to a brown-to-brownish-red utilitarian ware
(Intermountain Brownware).
Large game hunting is prevalent at several key cave and rockshelter
sites such as BER, which witnessed its lowest SGI value of any time over
the past 13,000 years (Table 4 and Fig. 8). The continuing upward trend
toward artiodactyl hunting is also seen in the western Nevada/northeastern California region (Carpenter, 2002), across northern Nevada
(McGuire et al., 2014), and at open-air sites such as Dry Susie Creek
where both mountain sheep and elk (Cervus elaphus) were hunted
along with waterfowl, rodents, leporids, and coyote (Reust et al.,
1994). Communal artiodactyl hunting was an important component of
the subsistence and settlement patterning of these late prehistoric foragers (Fig. 12). Construction of large-scale traps occurred for the ﬁrst
time in speciﬁc places such as Whisky Flat (Wilke, 2013), and communal pronghorn trapping either continued or resumed following a hiatus
during the Medieval Climatic Anomaly at Spruce Complex, Tunna Nosi,
Huntoon, Big Smoky Valley, Little Smoky Valley, and many other locales
in eastern Nevada and the western Nevada/eastern California region
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(Hockett et al., 2013). Projectile point frequencies of Desert SideNotched points remain relatively high during this time period (Fig. 11;
Hockett, 2009).
Numerous late 19th century and early 20th century ethnographies
document a vast diversity of resource use, both plant and animal, by
contact-era foragers of the Great Basin. These foragers did not ‘rely’ on
small mammals and seeds for subsistence; rather, they exploited small
seeds, larger seeds (pinyon nuts), roots, bulbs, berries, green leafy vegetables, rodents, rabbits, birds, ﬁsh, artiodactyls, and insects in seasonal
rounds when speciﬁc foods became available and plentiful at speciﬁc
times in speciﬁc places. These ethnographic accounts also point to likely
knowledge gaps in the prehistoric archaeological record due to preservation and/or recovery biases. For example, although ﬁsh are rarely
encountered in Late prehistoric sites in the north-central Great Basin,
on May 9, 1828, Peter Skene Ogden made the following notes in his
journal:
We had not travelled more than eight miles when we reached the
Unknown River [Humboldt River] and on reaching it we found thirty
Indians employed in ﬁshing salmon trout [Lahontan cutthroat trout],
about eight inches in length, remarkably ﬁne. They gave us all they
had, about ﬁfteen…We then descended down the stream, crossed
over a large fork [North Fork of the Humboldt River]. Here we again
found ﬁfteen Indians ﬁshing… (Williams, 1971:140).

reliance on communally-based large-scale trapping of artiodactyls
across Nevada and eastern California.
Underneath these broad trends, however, the data suggest that no
single subregion of the Great Basin can serve as a proxy or template for
diachronic micro-trends in hunting strategies across the entire region.
Whether these differences are related to plant and animal productivity
between subregions, forager choices among a range of possible solutions
to acquiring adequate nutrition, inﬂuences from neighboring subregions
and ethnic populations, or a combination of factors remain open for additional studies and model building. And despite these historically contingent factors, signiﬁcant long-term continuities have been documented
across much of the region, including the communally-based large-scale
trapping of artiodactyls that began as early as the Transitional climatic period, perhaps in response to increased population and contact among
previously disparate groups. Once begun, this activity remained an
important economic and social cultural norm until historic contact
regardless of climate or technological innovation.
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