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ABSTRACT

Ancient packrat middens containing evidence of displaced 

plant species were investigated from Rampart Cave and vicinity in 

the lower Grand Canyon. Thirty-seven middens were studied, repre

senting a time range from 8,500 to nearly 30,000 years ago.

The middens were washed and sorted to remove identifiable 

macrofossil fragments of plants, including seeds, twigs, leaves, 

leafy twigs, fruits, flowers, and spines. Sixty-seven plant taxa 

were identified, 52 of them to species and the remainder to genus. 

Radiocarbon dates were obtained on aggregations of macrofossils of 

species not present in the local modern flora.

The midden sites are grouped into five areas: Rampart Cave,

with six middens; Vulture Canyon, with 13 middens; Desert Almond 

Canyon, with 11 middens; exposed sites, with three middens; and 

Iceberg Canyon, with one midden.

All of the middens document the presence of woodland species 

displaced as much as 1,000 m below their present lower elevational 

limits on the rims. Juniperus sp. occurred throughout the time 

period in the Inner Gorge. Its most frequent associate was Fraxinus 

anomala. Mixing with the woodland species were numerous high desert 

plants confined to the rims or relict in favorable habitats at low 

elevations today. The most notable difference from modern patterns 

is that 50% of the species identified in the middens are low desert
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plants for which there is no apparent difference in distribution from 

the Pleistocene to the present. The association of the woodland spe

cies confined to the rims with low desert species of the Inner Gorge 

is very unusual today. The comparison between modern and Pleistocene 

species distributions is an example of individualistically expressed 

dynamics of their elevational ranges through time.

A vegetational chronology based on plants recovered from pack- 

rat middens has been developed for the Rampart Cave area. Stage I, 

from 30,000 to 24,000 years ago, shows a juniper woodland in an inter- 

stadial condition. Stage II, the full glacial, from 24,000 to 14,000 

years ago, shows the most mesophytic assemblage of plants. During 

Stage III, from 14,000 to 11,000 years ago, an increased number of 

desert species was present with the woodland species in the middens.

In Stage IV, from 11,000 to 8,000 years ago, the number of woodland 

species decreased and most of the modern desert species were repre

sented. Stage V began with the extirpation of displaced woodland 

species about 8,000 years ago; no middens have been examined from this 

period.

Preliminary attempts at quantification of packrat midden data 

were made. Principal component analysis showed a correlation of ampli

tude values with stages of the chronology when only the series of 

middens from Rampart and Vulture Caves were examined. An index of 

similarity test showed a general affinity of middens of similar ages 

from the same area, and lower index values for middens of disparate 

ages from different areas.



xii
Quantitative analyses of packrat diets were made using plant 

cuticles and pollen in fecal pellets. Both pollen and cuticles showed 

that diet analyses provide a shorter species list than macrofossils; 

however, several species not found as macrofossils were identified. 

Pollen and cuticles are usually identifiable only to generic level, 

making a comparison with macrofossils difficult.

Displaced woodland suggests wetter conditions and cooler 

Pleistocene summers in the lower Grand Canyon. Intermixed desert 

species generally found below woodlands today indicate mild winters.

The presence of many winter annual species and absence of summer 

annuals in both the Pleistocene and modern floras indicates that summer 

rains have been unreliable for at least the past 30,000 years.



INTRODUCTION

The Grand Canyon of Arizona has long been known as a place for 

studying things from the past. In its innermost depths are exposed 

some of the oldest rocks on earth, and the nearly 2,000 m of exposed 

strata is one of the longest geologic records to be found in any one 

place.

Biological investigations in the Grand Canyon entered a new era 

in 1936 when a U.S. National Park Service team led by Willis Evans 

discovered Rampart Cave. Evans was conducting a survey of the new Lake 

Mead National Recreation Area, created with the completion of Hoover 

Dam. Rampart Cave contained a most unusual deposit, soon identified 

as dung of the late Shasta ground sloth (Nothrotheriops shastense). The 

deposit was, at least to the paleontologist, beautiful: it was strati

fied, well preserved, and virtually undisturbed since the last sloth 

departed from the cave more than eleven millenia in the past.

Rampart Cave opened the door to biological investigation of the 

Pleistocene in the Grand Canyon. It suggested that dry plant remains, 

a fossil record of Ice Age climate, could be sought in similar desert 

areas. Such discoveries were indeed made throughout the arid Southwest. 

Rampart Cave was the site of several studies in the ensuing years. It 

remained largely undisturbed at the inception of this study in early 

1972. A new avenue of approach soon began to open up. Started as an 

attempt to study full-glacial age vegetation during a 10,000 year hiatus
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in ground sloth occupancy, packrat midden analysis soon proved to be 

a valuable adjunct in its own right to interpreting environmental 

changes and conditions in the past in the Grand Canyon.

Pleistocene packrat middens soon were found not only within 

Rampart Cave but also in nooks, crannies, and rock shelters adjacent 

to the cave. Within two years 30 middens had been found in a variety 

of habitats within three kilometers of Rampart Cave and on both sides 

of the Grand Canyon.

In 1974 Jim I. Mead found Vulture Cave, located in a side 

canyon about one kilometer southwest of Rampart Cave. Vulture Cave 

contains a series of 14 ancient middens, only a few of which have 

been analyzed at this time. These span the 20,000 years of the last 

advance of Wisconsin glacial ice. Vulture Cave contains the richest 

record of late Pleistocene packrat middens known to me. More than 

50 Pleistocene packrat middens have now been found in the lower Grand 

Canyon; more are found on every trip.

Rampart Cave is located just east of the Grand Wash Cliffs at 

the lowermost end o£ the Grand Canyon in Mohave County, Arizona, lati

tude 36°061 North, longitude 113°56' West. Its location is shown on 

the 1:24,000 Columbine Falls, Arizona, United States Geological Sur

vey topographic quadrangle (1971). Figure 1 shows localities within 

the study area.

My purpose in this study has been to analyze a large number 

of ancient packrat middens from a small area. I wanted to assess 

the value of single middens in showing microhabitat differences; of
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Figure 1. Lower Grand Canyon packrat midden localities and C1 dates.

Lower contour lines on the rims are at different elevations because the south rim is lower than 
the north rim.



a series of middens in providing information about a broader area; 

and of a time series of middens in documenting the dynamics of vege

tation change over a long period of time.

Pleistocene studies were in full swing in mid July of 1976 

when disaster was discovered. Forty years after the discovery of 

Rampart Cave, a National Park Service team sampling radon in caves in 

the Grand Canyon discovered that the sloth dung deposit in Rampart 

Cave was on fire. As of this writing, eight months later, the deposit 

is still burning; the best efforts of numerous experts have not 

been successful in extinguishing the fire. The damage is consider

able; its extent is unknown. What is known is that the unique value 

of Rampart Cave to paleontological research is very seriously, perhaps 

irreparably, damaged.

Rampart Cave survived undisturbed for over 40,000 years. It 

survived only 40 years after it became known to science.

The Lower Grand Canyon Today

A thorough understanding of the modern environment of the 

Rampart Cave area sets the stage for interpreting the differences in 

the past as shown in fossil packrat middens. A careful study of the 

present vegetation, flora, and habitats of the area has been an inte

gral part of my field work.

Vegetation and Flora

Low shrubs and succulents characteristic of the eastern Mohave 

Desert predominate in the modern flora of the Inner Gorge. The cover



is open to sparse, and the predominant features of the landscape are 

the bare rocks and cliffs, rather than the plants.

Desert Shrubs are the most common element of the vegetation 

throughout the area, and they vary from open to sparse in their spac

ing. Most of them are more or less evergreen, but they are capable 

of undergoing long periods of dormancy. They are generally less than 

1 m in height.

Succulents are equally as widespread as the shrubs but they 

are generally less abundant. Cacti are present in all dry habitats. 

Yucca whipplei Torr. (Whipple yucca) is common on steep slopes, and 

Agave utahensis Engelm. (Utah agave) is common at higher elevations.

Trees are found only in washes and side canyons, where they 

are often dense enough to form a closed canopy. Acacia greggii Gray 

(catclaw acacia) is the most common species. It is abundant in all 

dry side canyons, small seeps, and dry washes, on occasion forming 

impenetrable thickets. Larger mesophytic deciduous trees, such as 

Fraxinus pennsylvanica Marshall subsp. velutina (Torr.) G. N. Miller

(velvet ash) and Celtis reticulata Torr. (netleaf hackberry) are found
\

only in moist glens or near seepage. They constitute a minor portion 

of the landscape. Tamarix chinensis Lour, (saltcedar) forms a dense, 

closed-cover riparian thicket on the mud flats along Lake Mead. This 

artificial habitat, dominated by recently introduced species, has no 

relevance to the Pleistocene history of the area.

Spring annuals are the most variable component of the vegeta

tion. Ground cover of ephemeral herbs increases substantially in
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early spring following winters with abundant, evenly-spaced rainfall 

(Phillips and Phillips 1974). Once, an outstanding flowering season 

for spring annuals occurred, in April, 1973. In the springs of 1974 

and 1976 many of the species which were abundant in 1973 were not 

seen at all, and there was little if any increase in ground cover 

compared with the normal dry seasons of June and October. I believe 

the latter situation is much more common than the rich flowering sea

sons, which may occur only once in 10 to 20 years. Even in the best 

of springs the duration of the growing season for annuals is short, 

lasting only from the onset of warm weather in early March to the 

beginning of the hot, dry summer season in April or May.

Summer annuals are not now an important element in the flora, 

nor have they ever been, according to the fossils recovered from my 

middens. Summer rainfall is sparse and unreliable at the western end 

of the Grand Canyon. Most of the herbaceous species active when 

summer rains do fall are perennials that also respond to winter rains.

A total of 225 species of vascular plants have been collected 

in the Inner Gorge of the Grand Canyon within 4 km of Rampart Cave 

(Phillips 1975). While many species are spring annuals present only 

a small part of the time, the seeds of certain of these species may 

be common in fossil middens.

Modern Habitats

The range of habitats near Rampart Cave is quite diverse, from 

flat areas with deep soils to unstable talus slopes and sheer rock 

faces. Protected areas, such as those with deep soil and north-facing
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slopes at the base of cliffs, afford some shade, better moisture con

ditions, and support a denser development of vegetation. Slope 

exposure, soil and rock characteristics, and moisture relationships 

all vary greatly within short distances producing many distinct micro

habitats .

The rich diversity of the Inner Gorge flora has not been re

lated to soils, topography, or other plant habitats as yet, and the 

following discussion is a rough beginning. There are certainly units 

and subtypes of importance to the plants beyond those described here.

Rock Faces. Essentially vertical in orientation, cliffs in

clude principally the lower units of the Cambrian-age Muav limestone 

and the upper portion of the Cambrian-age Bright Angel shale. Although 

few plants grow on the cliffs, cracks in rock faces may support occa

sional small shrubs and succulents. Among these are Crossosoma 

bigelovii Wats, (crossosoma), Eucnide urens Parry (rock-nettle), Galium 

stellatum Kellogg (desert bedstraw), Ferocactus acanthodes (Lemaire) 

Britton & Rose (California barrel cactus), and numerous herbaceous 

species in places where sufficient soil and moisture are available in 

crevices. Rock-face species often grow near the entrances to caves 

and shelters containing ancient packrat middens, since most midden 

sites are at the base of cliffs. Rampart Cave has an especially well- 

developed rock face community at its entrance, including in addition 

to the above listed species Yucca whipplei, Hofmeisteria pluriseta 

Gray (arrow-leaf), and Maurandya antirrhiniflora Humb. & Bonpl. (twin

ing snapdragon).
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Steep, Rocky Slopes. Talus slopes of varying degrees of sta

bility, rock size and soil development are the prevailing habitat over 

most of the area and support the plant species which are most wide

spread in the Inner Gorge. The density of vegetation varies greatly 

with differences in substrate development and direction of slope ex

posure . Desert shrubs predominate, and their density varies widely 

according to the size of the rocks and soil characteristics. Among 

the important species are Larrea tridentata (DC.) Coville (creosote- 

bush) , Encelia farinosa Gray (brittlebush), Fouquieria splendens 

Engelm. (ocotillo), Viguiera deltoidea Gray (desert sunflower), 

Sphaeralcea ambigua Gray (desert-mallow), and Ephedra nevadensis Wats. 

(Mormon tea) .

Dissected Lower Slopes. At the base of some of the talus 

slopes the gradient decreases and the slopes become more gentle, con

trolled more by alluvial processes than gravity. The lower slopes 

differ in having deeper soil and better developed drainage systems, 

with dry, sandy washes separated by intervening ridges. The stability 

of the habitat and the density of the vegetation is much greater than 

on the boulder-strewn talus slopes. The lower slopes are cut by small 

washes, and the great variety of rock sizes suggests that ancient mud

flows have been involved in their development. The dry, sandy washes 

are rich in spring annuals in favorable years. Important species on 

the lower slopes include Larrea tridentata, Encelia farinosa, Echino- 

cactus polycephalus Engelm. & Bigel. (woolly-headed barrel cactus), 

Echinocereus engelmannii (Parry) Bumpier (hedgehog cactus), and, in

washes. Acacia greggii.
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Flats. Although these are unusual below the rims, there are 

two sizable level areas near Rampart Cave, one on each side of the 

Grand Canyon. They are very different in their origin. The small 

flat area below Rampart Cave is an area of enclosed drainage caused 

by complex ancient faulting. On the north side of the Canyon, the 

flat is at the top of an old inactive travertine terrace. It resul

ted from seepage at the contact between the Muav limestone and Bright 

Angel shale. The flat habitats support open low shrub communities 

rich in succulents. Although parts of the terraces have deep soil 

which is comparatively rock free, both are rather saline in certain 

parts. Dominant species include Opuntia acanthocarpa Engelm. & Bigel. 

(buckhom cholla), Opuntia basilaris Engelm. & Bigel. (beavertail 

cactus), and Franseria dumosa Gray (white bursage). Larrea tridentata, 

Fouquieria splendens, and Encelia farinosa are very common. Ephemerals, 

especially Eriophyllum lanosum Gray (woolly daisy) and Plantago insu

lar is Eastw. (inland plantain), form a dense carpet on the ground 

following winter rains.

Dry Side Canyons. The vegetation of the side canyons is denser 

and more varied than at the more exposed sites, and differences be

tween north and south-facing slopes and narrowness and depth of the 

canyon contribute to the variety. Moist, shady pockets are common in 

side canyons and support many ephemerals. Many species, especially 

shrubs more widespread on the rims, descend to their low-elevation 

limits in protected parts of the side canyons. Some of these restric

ted species are common in Pleistocene packrat middens from many sites 

indicating a much wider distribution in the past.
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Vulture Canyon is a large, dry, north-oriented canyon just up

stream from Rampart Cave. The vegetation is generally open and sparse 

The same shrubs present elsewhere on steep slopes predominate along 

with several species of cacti. These include Larrea tridentata 

Encelia farinosa, Ferocactus acanthodes, Sphaeralcea ambigua. Viguiera 

deltoidea and, at lower elevations, Franseria dumosa. The canyon 

floor supports dense growth of Acacia greggii in places, as do smaller 

washes within the canyon. Mortonia scabrella Gray var. utahensis Co- 

ville (sandpaper-bush) is common at the higher elevations, as is 

Neolloydia johnsonii (Parry) Benson (Johnson's pineapple), a cactus 

not found elsewhere in the area below the rims. Several high eleva

tion shrubs such as Rhus trilobata Nutt, (sguawbush) and Pnmus 

fasciculata (Torr.) Gray (desert almond) are found at the upper end 

of the canyon, well above the midden sites.

Desert Almond Canyon is a dry side canyon on the north side 

of the Grand Canyon just downstream from Rampart Cave. The canyon 

flows westward from the rim at the Sanup Plateau. It is narrower 

and steeper walled than Vulture Canyon, and its north-facing slope, 

from which most of the middens were collected, supports a dense 

and varied plant community. Several species important in many middens 

reach local low elevation limits in Desert Almond Canyon, including 

Prunus fasciculata, Opuntia whipplei Engelm. & Bigel. (Whipple 

cholla), Nolina microcarpa Wats, (beargrass), and Mortonia scabrella 

var. utahensis. There are no active seeps, in the canyon; the density 

of the vegetation and occurrence of higher elevation relicts is
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governed by the narrow, shady, relatively cool conditions in the can

yon. More widespread species abundant in Desert Almond Canyon include 

Acacia greggii, Gutierrezia lucida Greene (snakeweed), Sphaeralcea 

ambigua, Viguiera deltoidea, Ephedra nevadensis, Larrea tridentata, 

Ferocactus acanthodes, Hofmeisteria pluriseta, Krameria parvifolia 

Benth. (range ratany), and Opuntia basilaris. In general the vegeta

tion of Desert Almond Canyon is denser, more mesophytic, and more 

varied than the other side canyons I have studied.

Moist Side Canyons, Glens, and Seeps • These are really non

desert habitats, contrasting strongly with the surrounding xeric 

slopes in their often lush vegetation and mesic microenvironment. 

Characterized by abundant shade and permanently flowing water, the 

larger glens are cool, moist refuges often supporting a closed canopy 

of deciduous trees (Fraxinus pennsylvanica subsp. velutina) and an 

understory of water-loving herbs totally different from the plants on 

the adjacent desert slopes. Where seeps are present on the canyon 

walls, hanging gardens develop with Adiantum capillus-veneris L. 

(maidenhair fern), Epipactis gigantea Dougl. (helleborine), Aguilegia 

chrysantha Gray (golden columbine), and Mimulus cardinalis Dougl. 

(crimson monkeyflower). The largest glens of this type are Ash Seep 

Glen and Evans' Heaven. Columbine Falls has hanging gardens around 

the falls and Acacia greggii, Baccharis glutinosa Pers. (seep-willow), 

and Celtis reticulata just above the falls.^ The narrow canyon above 

the falls has a permanent stream and a dense glade of Mimulus cardi

nalis but lacks trees, probably because of periodic scouring by flash

floods.
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Smaller seeps are fairly common at the base of the Muav lime

stone where it adjoins the underlying impervious upper brown sandstone 

layer of the Bright Angel shale. Many of these seeps are small and do 

not flow year-round. They differ from surrounding areas mainly in 

having a denser shrub and Acacia greggii growth characteristic of 

narrow stream channels in side canyons. Seasonally some on shaded 

north-facing slopes have a dense herbaceous understory and support a 

lush green carpet of low herbs and grasses. Several species of her

baceous perennials and ephemerals have been collected only from small 

seeps.

Rims of the Grand Canyon. The rims are of interest in deter

mining the present-day distributions of the high desert and woodland 

species present in the Pleistocene at lower elevations. The immediate 

rims, the Sanup Plateau on the north side and a flat area at the top 

of the Grand Wash Cliffs on the south side, support a high elevation 

desert, although the 1,475 m elevation is high enough in other areas 

for pinyon-juniper woodland. High desert species dominant on the 

rims include Cowania mexicana D. Don (cliff-rose), Yucca baccata Torr. 

(banana yucca), Agave utahensis, Mortonia scabrella var. utahensis, 

and Coleogyne ramosissima Torr. (blackbrush). The same species grow 

on the south rim with the addition of Neolloydia johnsonii. The 

nearest woodland is on the north rim about 6 km from the rim at the 

base of the Upper Grand Wash Cliffs and is dominated by both Juniperus 

osteosperma (Torr.) Little (Utah juniper) and Pinus monophylla Torr.

& Frem. (single-leaf pinyon), along with Coleogyne ramosissima and 

numerous woodland shrub species.



METHOD OF PACKBAT MIDDEN ANALYSIS

Packrat midden analysis is a recently developed method of 

obtaining paleoecological information for the late Pleistocene in the 

arid Southwest. Packrat middens are deposits left by several species 

of the genus Neotoma in caves and rock shelters. They contain various 

parts of plants, bones of numerous species of vertebrates, lizard 

scales, insect parts, and packrat fecal pellets glued together by 

dried urine. While middens are readily soluble in water, they are 

resistant to other environmental factors such as wind, insect activity, 

or oxidation. As long as they are protected from moisture, they remain 

intact.

Packrat middens may be found as single units no more than a 

liter or two in volume, or as complex, multilayered deposits repre

senting many occupation periods over great spans of time (Wells and 

Jorgensen 1964, Van Devender 1973, King 1976). It is assumed that 

each level can be separated from adjacent levels and that each unit 

represents no more than several hundred years of activity, or essen

tially a point in radiocarbon time (Van Devender 1973). The 

abundance of middens depends primarily on the cave-forming properties 

and resistance to weathering of the rock type in which they are found. 

While limestone and certain volcanics such as andesite and rhyolite 

are the most prolific source of shelters, even less resistant rock 

types such as granite may contain ancient middens.

13
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The first published mention of packrat middens appeared over 

100 years ago in the report on the Wheeler Expedition. Yarrow (1875: 

559) reported the "occurrence of curious resinous-looking deposits on 

the almost vertical cliffs of certain rocks in southern Utah." Oscar 

Loew, chemist on the expedition, identified the deposits as excrement 

of herbivorous lizards. At the end of the discussion is the following 

note: "It may be noted that Professor E. D. Cope does not accept the

theory that lizards produce these masses, believing them to be the 

excrement of small mammals, such as Neotoma"(Yarrow 1875:562).

An early notice of macrofossils of extralocal plant species 

in packrat middens was by Martin, Sabels, and Shutler (1961) . They 

reported juniper seeds and twigs in the packrat layer within the 

sloth dung deposit in Rampart Cave. They did not study the midden in 

detail, however, and it was not until several years later that P. V. 

Wells demonstrated the paleoecological potential of packrat middens 

(Wells and Jorgensen 1964). In a recent paper on the nature and for

mation of old middens, Wells (1976) recounts his first discovery of 

fossil middens in the Mohave Desert.

Wells' first midden publication described a late Pleistocene 

pinyon-juniper woodland in the Frenchman Flat area of the Mohave 

Desert of southern Nevada (Wells and Jorgensen 1964). He later 

expanded his study of Mohave Desert Pleistocene woodlands to other 

parts of southern Nevada and adjacent California (Wells and Berger 

1967). Leskinen (1970, 1975) also studied middens yielding woodland 

vegetation in southern Nevada, and King (1976) has studied Pleistocene
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packrat middens from the western Mohave Desert in California. Deposits 

at higher elevations within the pinyon-juniper woodland belt in the 

mountains of the Mohave Desert have yielded records of montane conifers 

growing below their present lower elevational limits during the late 

Pleistocene (Mehringer and Ferguson 1969, Madsen 1972, 1973, Spaulding 

1977, Spaulding and Van Devender 1977). Packrat middens in the Grand 

Canyon have been previously noted by Phillips and Van Devender (1974), 

Van Devender and Mead (1976), and Van Devender, Phillips, and Mead 

(1977) .

Van Devender has carried out extensive packrat midden studies 

in the Sonoran Desert of Arizona and adjacent California (Van Devender 

and King 1971, Van Devender 1973 and unpublished). These studies 

reveal widespread Pleistocene pinyon-juniper woodland averaging 410 m 

lower in elevation than at present. Several species also show consid

erable southward expansion, including Pinus monophylla; Yucca 

brevifolia Engelm. (Joshuatree), a Mohave Desert species; and Artem

isia tridentata Nutt, (big sagebrush), a Great Basin Desert species 

(Van Devender 1973 and unpublished, banner and Van Devender 1974).

Packrat middens of Pleistocene age were first reported from 

the Chihuahuan Desert by Wells (1966). More recently Van Devender 

and associates have collected numerous middens in desert areas in 

Trans-Pecos Texas and adjacent New Mexico. As with the other desert 

areas, these studies document a lowering and expansion of pinyon- 

juniper woodland into large areas of present Chihuahuan Desert during 

the late Pleistocene. At 2,000 m the Guadalupe Mountains of Texas
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once supported montane conifers, including Picea (spruce) and Pseudo- 

tsuga (Douglas-fir) (Van Devender, Martin, et al. 1977).

In the 15 years since Wells' work on Pleistocene packrat 

middens in the Mohave Desert, middens have been studied from many 

areas of the hot deserts of North America. Nearly 200 radiocarbon 

dates have been run on middens ranging in age from a few hundred years 

to more than 40,000 years (Van Devender 1976). The location of 

middens studied to date is mapped by Wells (1976).

Packrat Ecology

The interpretation of old Neotoma middens depends upon an under

standing of packrat ecology and behavior, summarized thoroughly by Van 

Devender (1973) and Wells (1976). Packrats are inveterate collectors.

In the course of their foragings they gather most of the important 

plant species in the vicinity of their dens (Finley 1958). Various 

parts of plants are used for building materials, nesting materials, 

and protection from predators (spinescent species), as well as food. 

These activities result in the accumulation of a wide-ranging inven

tory of the local flora. The range of species available for their 

use is increased by physiological adaptations allowing them to utilize 

plants with resins and other compounds toxic to most animals (Lee 1963, 

Van Devender 1973). Finley (1958) identified 219 species of plants in 

active packrat dens in Colorado. Van Devender (1973) found some 90 

species of plants in ancient packrat middens from the Sonoran Desert

in Arizona.
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Five species of packrats occur in the general area of the Grand 

Canyon today, and all are potential sources of middens in rock shel

ters. These include the lowland Neotoma lepida (desert woodrat) and N. 

albigula (white-throated woodrat), the intermediate fcj. mexicana 

(Mexican woodrat) and N. Stephens! (Stephens' woodrat), and the high 

elevation N. cinerea (bushy-tailed woodrat). Teeth of N. lepida, N. 

mexicana, and N. Stephens! have been identified from middens in my 

study area? not all teeth recovered were identifiable to species level 

(Van Devender, Phillips, and Mead 1977). It is not possible to tell 

with certainty which species was responsible for any given midden.

The identification of teeth in a midden does not necessarily mean that 

the species lived in the den; bones are often brought in from the for

aging area and may even be of extralocal origin from predator scats.

Two basic types of shelters are utilized by packrats as living 

quarters. Houses are large mounds of material gathered together around 

some natural support such as juniper trees or clumps of cactus (Vorhies 

and Taylor 1940, Finley 1958). Following abandonment, these do not 

persist for very long (Raun 1966). The second type of shelter is the 

den built in a rock shelter, crevice, or cave. These are less struc

tured and contain less of the building material used in houses (Finley 

1958, Van Devender 1973, Wells 1976). The midden is the part of the 

den of most interest here. Middens are refuse collections consisting 

of waste materials that accumulate in the den, usually in a specific 

area. They contain food waste, fecal pellets, and miscellaneous 

other debris. The refuse is hardened by urine over long periods of
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occupation, and the indurated, persistent deposits build up and may be 

preserved indefinitely if they are protected from moisture (Van Deven

der 1973, Wells 1976).

The foraging range of packrats is of importance in studying 

middens; it establishes the area from which the den and ultimately 

the midden was derived. Maximum normal movements are probably less 

than 100 m from the den, but the data are meager. Longer distances of 

travel are probably associated with movements other than foraging 

(Raun 1966, Stones and Hayward 1968). Availability of food materials 

and population density of packrats undoubtedly affect foraging range. 

In caves in the Grand Canyon, packrat middens have been found further 

from the entrance than the presumed foraging range outside the cave 

mouth. I have seen old packrat middens 100 m from the entrance in 

Mother Cave; others have reported middens as much as 250 m from cave 

entrances (Donald Davis, Grand Valley, Colorado, personal communica

tion) .

Analysis Procedures

I began my study of Pleistocene packrat middens of Rampart 

Cave by collecting materials from the large packrat seam located within 

the dung deposit of the extinct Shasta ground sloth. At about the same 

time other middens were found outside the cave in side canyons on both 

sides of Lake Mead. In the past five years, over 50 Pleistocene 

middens have been found within 3 km of Rampart Cave on both sides of 

the Grand Canyon. Thirty-seven of these have been analyzed in the

present study.
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Packrat middens are fairly common in the Muav limestone of the 

lower Grand Canyon. The limestone is stable over many thousands of 

years, preserving middens for long periods of time.

Middens of Pleistocene age are identified in the field by the 

presence of extralocal plant species, especially fragments of Juniperus 

spp. (juniper) and Fraxinus anomala Tore, (single-leaf ash), one or 

both of which occur in all my middens. If a midden appeared to contain 

parts of plant species currently growing in the vicinity, without 

juniper or single-leaf ash, I assumed it to be Holocene and did not 

collect it. Indurated middens of this type are abundant in the area, 

and the potential certainly exists for a thorough study of Holocene 

packrat middens near Rampart Cave.

Many middens consisted of more than one layer, often with 

some units of Pleistocene age and others of Holocene age. Packrats 

do not obey the law of superposition (Van Devender 1973); Holocene 

middens are often found both above and below Pleistocene units. I 

took great care both in the field and later in the laboratory to 

separate layers of middens into single depositional events.

Since the size of middens varies greatly, I made no attempt to 

collect a standard volume of midden material. Where abundant material 

was available I collected as much as could be conveniently carried out; 

some of the smaller middens were collected in their entirety. In a 

number of cases I had to combine material of several plant species in 

order to obtain enough material for a radiocarbon date. In three 

cases I had to combine plants from two levels containing very similar 

species. Only two middens contained insufficient material for dating.
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Middens were field collected in plastic bags, sealed, and 

examined again in the laboratory. They were further split along cleav

age lines if necessary to ensure stratigraphic integrity, brushed 

clean, and soaked in water to dissolve the cementing urine. They were 

washed through a 20-mesh soil screen and dried in open air.

Middens were then sorted to remove all identifiable plant 

fragments, bones, reptile scales, and insect parts. Studies of the 

latter materials are reported elsewhere (Cole and Van Devender 1976,

Van Devender, Phillips, and Mead 1977).

After sorting I identified and counted the plant parts recov

ered. Identifications were based on the seed reference collection 

aided by experienced personnel of the Laboratory of Paleoenvironmental 

Studies, University of Arizona; the University of Arizona Herbarium; 

and my own knowledge of the flora of northern Arizona. Plant parts 

identified included seeds, twigs, leaves, leafy twigs, fruits, flowers, 

and spines. Most species were recognized by their seeds; twigs and 

cactus spines were the most difficult to identify. A total of 67 

taxa was identified, 52 of these to species level and the rest to 

generic level. Specific identifications were deemed impossible in 

the case of genera containing closely related species, such as 

Sphaeralcea, Ephedra, and Cirsium. Juniperus osteosperma and J. 

monosperma (Engelm.) Sarg. (one-seed juniper) are very difficult to 

distinguish in packrat midden material; geographically J. osteosperma 

is the more likely choice. The two species are ecologically similar.
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Radiocarbon Dating

Radiocarbon dates are the key to developing a midden chronology 

and sorting out the dynamics of vegetational changes in the late 

Pleistocene. As indicated, it is fairly easy to distinguish a Pleis

tocene midden from a Holocene midden by the presence of extralocal 

species. It soon becomes evident, however, that all Pleistocene 

middens are not alike in their species composition, and the differences 

begin to make sense only with the aid of radiocarbon dating.

Following the method developed at The University of Arizona,

I have submitted for radiocarbon dating washed and sorted accumula

tions of single extralocal species from each midden (Van Devender 

1973). In some cases I have had to mix several extralocal species 

in order to obtain enough material for dating from the smaller middens. 

Most of my dates have been on Juniperus leafy twigs and/or seeds, 

generally the most abundant species in the middens. I have also 

dated Fraxinus anomala twigs and seeds, an Agave utahensis leaf,

Nolina microcarpa leaves, Prunus fasciculate seeds, and Mortonia 

scabrella var. utahensis leaves.

The method of dating only extralocal species eliminates the 

possibility of Holocene contamination of the dated material; careful 

separation of the layers minimizes the possibility of mixing Pleis

tocene levels of different ages. The spread of dates in my study 

suggests that the problem of mixing older and younger Pleistocene 

material can be overcome.
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Other methods of dating fossil packrat middens have been 

employed, and there is considerable discussion over which method is 

best (Wells 1976). Wells' original dates were based on midden debris 

or uriniferous residues (Wells and Jorgensen 1964, Wells 1966, Wells 

and Berger 1967). Van Devender (1973) has shown that midden residue 

dates are not necessarily free from contamination. As with mono- 

specific dates, careful attention to the integrity of the sampled 

layer is the key to avoiding mixing.

Madsen (1973) preferred to run dates on packrat fecal pellets 

sorted from his middens. I believe this method runs the greatest 

risk of contamination by younger, unassociated materials. It is not 

possible to estimate the age of a pellet; much younger pellets can 

easily contaminate old middens even without the formation of an 

indurated layer.

Multiple dates on single middens would serve as a partial 

check on contamination problems. This is usually not attempted. I 

submitted four dates on one midden, Rampart Cave Stake 0+50. As 

shown in Table 1, three of these were similar in age. The fourth 

date on a sloth dung ball was significantly older; presumably it 

represents an example of incorporation of older organic materials 

by packrats after the time of ground sloth extinction. Redeposition 

of older organic materials by packrats is a problem in midden analysis 

that is difficult to resolve. It is particularly troublesome in 

caves such as Rampart and Vulture which contain exposed deposits of 

organic materials spanning a great amount of time. Although the



Table 1. Lower Grand Canyon packrat midden localities and dates

DA, Desert Almond Canyon; E, East; IC, Iceberg Canyon; MG, Muav Gate;
N, North; NC, Needle-eye Canyon; RC, Rampart Cave; S, South; St, Stake; 
VC, Vulture Canyon; W, West; WR, Window Rock Canyon.

Midden
Elevation 

Feet Meters
Slope

Exposure
Lab.
No.

Radiocarbon 
Date YBP Material Dated

RC Pit B Orig. 1750 535 E A-1350 12,600+260 Juniperus twigs

" " Front II I t II A-1569 16,330+270 Juniperus twigs

" " L. Wall II I t II none

RC Rat Layer II II II A-1356 18,890+500 Fraxinus twigs
I I  II II II II S-1570 14,810+220 single Juniperus twig

RC St 35 II II II A-1535 12,230+350 Juniperus twigs, 
Fraxinus seeds

RC St 45 II II II A-1325 13,170+310 Juniperus twigs, 
seeds, fruit

RC St 50 II II II A-1451 9,520+400 Fraxinus twigs & 
seeds

i i  i i II I t II A-1452 9,520+330 single Agave leaf
i i  i i I I II II A-1450 9,770+160 Juniperus twigs
i i  i i II I t II A-1453 11,140+250 Sloth dung ball



Table 1. (Continued)

Elevation Slope Lab.
Midden Feet Meters Exposure No.

RC Roof Crack 1750

VC 1 1760

VC 2 B 1520

VC 3 B 1620

VC 4 1620

VC 5 2030

VC 6 2120

VC 7 11

VC 8 II

VC 9 II

VC 10 II

VC 11 2200

VC 12 2220

VC 14 2120

535 E A -1421

540 ii A -1316

460 SE A -1567

495 S

495 ii A -1 5 6 6

620 E A -1579

645 ii A -1 6 0 3

II n A -1604

II n A -1564

II ii A -1605

II ii A -1606

670 ii

675 ii A -1568

645 ii A -1587

Radiocarbon 
Date YBP Material Dated

13,510+190 Juniperus twigs

12,770+440 Juniperus twigs

10,250+290 Juniperus twigs

none

10,610+320 Juniperus seeds & 
twigs

13,400+390 Juniperus twigs

17,610+290 Juniperus twigs

22,720+610 Juniperus twigs

13,820+220 Juniperus twigs

29,810+1980 Juniperus twigs

19,050+390 Juniperus twigs

none

8,540+180 Fraxinus seeds & 
twigs

11,870+190 Juniperus seeds & 
twigs



Table 1. (Continued)

Elevation Slope Lab. ' Radiocarbon
Midden Feet Meters Exposure No. Date YBP Material Dated

DA 1 A+B 1600 490 N A-1380 10,100+200 - Nolina leaves

DA 2 A 1600 490 II A-1426 10,930+460 Nolina leaves, Prunus 
seeds, Fraxinus twigs

DA 3 B 1700 520 It A-1422 11,190+150 Juniperus twigs

DA 4 1920 585 II A-1423 11,990+490 Juniperus twigs
DA 5 A+B 1850 565 SW A-1456 10,450+420 Mortonia leaves,Juni- 

perus twigs, Fraxinus 
twigs & seeds

DA 6 A+B 1860 570 s A-1427 10,910+450 Fraxinus twigs, Nolina 
leaves

DA 7 A 1840 560 NW A-1469 8,560+260 Juniperus twigs
DA 7 B ft II II A-1428 9,650+360 Juniperus twigs
DA 8 1880 575 NE A-1547 8,850+150 Nolina leaves
DA 9 1920 585 S none
DA 10 A 2080 635 N A-1720 12,650+380 Juniperus twigs

NC 1 1800 550 II A-1618 9,720+260 Juniperus twigs

MG 1 1440 440 S A-1455 12,430+550 Juniperus twigs

WR 1 H 1525 465 N A-1314 11,310+380 Juniperus twigs
WR 2 C 1525 465 II A-1352 10,250+200 Juniperus twigs & seeds
TC 1 1400 425 NW A-1322 11,010+400 Juniperus
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problem haunts me somewhat, there are two possible redeeming factors 

which should serve to minimize the possibility of serious misinter

pretations due to redeposition of older materials. One is that in 

the case of Rampart Cave, most of the older midden material which 

was unconsolidated was probably covered up with sloth dung during the 

last period of sloth occupancy of the cave. In the case of smaller 

sites, including Vulture Cave, most of the unindurated material was 

probably lost from the cave during times of packrat abandonment, with 

the indurated middens persisting. The amount of loose juniper remain

ing after a hiatus in occupation is probably small in comparison to 

the large amounts brought in by the next wave of occupants. Second, 

because of the nature of the C ^  method, a small amount of older 

material will contaminate a 10,000 year old sample less seriously than 

an equal amount of modern organic material. For a treatment of the 

problem of C*^ contamination by older and younger carbon see Broecker

and Kulp (1956)



PLEISTOCENE PACKRAT MIDDEN SITES IN THE LOWER GRAND CANYON

I have grouped my midden sites into the following areas: Ram

part Cave; Vulture Canyon, including Vulture Cave; Desert Almond 

Canyon; exposed sites on the north side of the Grand Canyon; and Ice

berg Canyon. Each of these sites will be described in detail in the 

following section. The midden localities are shown in Figure 2. The 

species and their abundances in each midden are shown in Appen

dix A.

Based on the plants recovered from packrat middens in the 

Rampart Cave area, I have divided the past 30,000 years into five vege

tation stages. These are: Stage I, a pre-full-glacial period lasting

from at least 30,000 Years Before Present (YBP) to 24,000 YBP (one 

midden only; see Table 1); Stage II, the full glacial, from 24,000 to

14.000 YBP (five middens); Stage III, a late glacial period from

14.000 to 11,000 YBP (14 middens); Stage IV, a post glacial period 

lasting from 11,000 YBP to the termination of low-elevation woodland 

vegetation about 8,000 YBP (12 middens); and Stage V, the Holocene 

(no dated middens). The stages will be described in greater detail 

in the Chronology section.

Rampart Cave

While it is known mainly for its unique deposit of ground 

sloth dung. Rampart Cave is also a rich source of late Pleistocene 

packrat middens. Located in a shady alcove with an east-facing

27
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Figure 2. Packrat midden sites in the lower Grand Canyon.
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exposure at an elevation of 535 m (1750 feet), Rampart Cave is one of 

the more mesic sites of the area. There are periodically active seeps 

just below the cave, and the midden plant record indicates that a 

relatively mesic, shady situation prevailed also in the Pleistocene.

I have studied six late Pleistocene packrat middens from Ram

part Cave. These range in age from 24,000 YBP, the beginning of Stage 

II, to 9,500 YBP in Stage IV. They are described below in order of 

decreasing age. The localities of packrat middens collected in the 

cave are shown in Figure 3.

Rampart Cave Rat Layer (RCRL)

The main Pleistocene deposit in Rampart Cave is a deposit of 

ground sloth dung 140 cm thick. During paleontological excavations in 

1942 by Remmington Kellogg of the U.S. National Museum, the deposit 

was trenched. Stratigraphy of an unusual sort was apparent. The 

largest packrat midden in Rampart Cave is a seam 15 cm thick of uncon

solidated twigs and other debris about 90 cm below the top of the 

sloth deposit. As shown in Figure 3, this packrat layer represents 

a stratigraphic break in the sloth deposit with dates covering the 

period from about 24,000 to 14,000 YBP, when sloths were presumably 

absent from Rampart Cave.

The unconsolidated, unstratified nature of the packrat seam 

is unusual for an ancient packrat midden. It is more characteristic 

of the loose debris found in large quantities in modern, active Neo- 

toma dens. Although the layer is present in most parts of the sloth



Figure 3. Locations of packrat middens in Rampart Cave.

1-4, samples from Rampart Cave Rat Layer; St., Stake. Adapted from Long and Martin (1974).
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Figure 3. Locations of packrat middens in Rampart Cave
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deposit through which the trench was cut, I decided that the loose 

mixture of large and small twigs was unpromising for any finer sub

division within the 10,000 year period.

While extremely rich in twigs, the Rampart Cave Rat Layer lacks 

the quantities of seeds found in most indurated middens. Predominant 

species are Juniperus, Fraxinus anomala, and Atriplex confertifolia 

(Torr. & Frem.) Wats, (shadscale). Twigs and spines of Ribes monti- 

genum McClatehie (gooseberry currant), a high-elevation woodland 

shrub, are present in RCRL and a few other Stage II middens. The 

most unusual record is Pinus monophylla, identified from cuticles in 

packrat pellets by Richard M. Hansen (Colorado State University; per

sonal communication); and from a single seed coat fragment identified 

by Ronald M. Lanner (Utah State University; personal communication).

P\ monophylla was identified from only one other midden, in Desert 

Almond Canyon. Packrats living in P_. monophylla woodland gather 

abundant leaves and seeds (Van Devender 1973). Presumably the trees 

were uncommon close to Rampart Cave.

Material from RCRL yielded two radiocarbon dates. A mass of 

Fraxinus anomala twigs from near the middle of the deposit was dated 

at 18,890+500 YBP (University of Arizona Radiocarbon Laboratory number 

A-1356). A single large Juniperus twig was dated at 14,810+220 (A- 

1570). The nature of the dates and appearance of the deposit make it 

impossible to ascertain whether deposition was continuous. The upper 

and lower dates for the packrat seam are from Long, Hansen, and Martin

(1974).
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When sloths returned to the lower Grand Canyon 14,000 years 

ago, they buried the Stage II packrat deposit in their prolific excre

ment. The sloths were active during their last 3,000 years of life 

in the cave. The dung deposit above the packrat layer is thicker 

than that of the deposit below, which took at least 16,000 years to 

accumulate. Sloth dung deposits in Rampart Cave have been studied 

by Laudermilk and Munz (1938); Martin, Sabels, and Shutler (1961);

Long and Martin (1974); and Long, Hansen, and Martin (1974).

Scattered packrat pellets are found within the sloth dung 

deposit above the seam, indicating the possibility of continuous pack

rat presence after the sloths returned. Packrats may have retreated 

to the corners of the cave for their major activity; four indurated 

middens from parts of the cave beyond the sloth deposit date from 

this period. One midden dates after sloth extinction and is found 

on top of the deposit, perhaps indicating a reemergence of packrats 

from their protective corners after the departure of the sloths.

Rampart Cave Pit B

Located in the back of Rampart Cave, Pit B was dug during the 

original National Park Service excavations of 1936. Large amounts of 

packrat midden material are in the pit, including a loose fill of 

unindurated material, several disconnected chunks resting on the 

floor, and middens attached to the sides of the pit above the present 

floor. The original position of the floor chunks is unknown? presum

ably they were displaced during the excavation. I have analyzed two 

midden samples collected from the walls of Pit B.
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Pit B Front. Yielding 23 identified species of plants, Pit B 

Front is unusually rich, containing abundant Juniperus twigs, Fraxinus 

anomala fruits and twigs, Atriplex confertifolia fruits and leaves, 

and Penstemon eatonii Gray (Eaton beardtongue) fruits. Ribes monti- 

genum twigs were more abundant in this midden than any other. The 

radiocarbon date on Juniperus twigs was 16,330+270 YEP (A-1569), con

temporaneous with the Rampart Cave Rat Layer. A skull of Marmota 

flaviventris (yellow-bellied marmot) was found in Pit B Front (Van 

Devender, Phillips, and Mead 1977). Marmot has previously been 

reported from Rampart Cave, presumably from the rat layer (Wilson 1942, 

Harington 1972). The nearest living population is in the mountains of 

southwestern Utah (Hall and Kelson 1959).

Left Wall midden. The other Pit B sample was attached to the 

left wall of the pit. It was not dated; it is similar to Pit B 

Front in its plant remains.

Rampart Cave Roof Crack (RCRC)

Material wedged into a vertical crack in the ceiling near the 

back of Rampart Cave represents a most unusual location for a midden. 

In this precarious position numerous large branches were placed in 

the cracks, apparently to provide bracing. The ceiling is about 2 m 

above the floor with no obvious route for packrats to reach the den 

either from above or below. The site is located in a small side 

passageway off the front of the main room of Rampart Cave (Figure 3).

Juniper twigs from the midden were dated at 13,510+190 YBP 

(A-1421). Perhaps the Roof Crack midden represents the ultimate in



34

attempts by packrats to avoid the cohabitant sloths, which returned to 

Rampart Cave at about that time. The midden sample was small because 

not much material could be pried from the cranny. Juniperus was by far 

the most abundant species, and Fraxinus anomala was present in smaller 

quantities than in any other Rampart Cave midden. There were only nine 

species of plants identified from RCRC, most of which were common in 

other Rampart Cave middens.

Rampart Cave Stake 45 (RC St 45)

Named for a survey stake nearby, this midden is located on the 

floor of Rampart Cave directly below the Roof Crack midden. It con

sists of several indurated chunks on the floor of the cave. Juniperus 

seeds and twigs were dated at 13,170+310 YBP (A-1325), making it 

about the same age as the Roof Crack midden. With only 13 species 

RC St 45 is not especially rich, but the pattern of abundant Juniperus, 

Fraxinus anomala, and Atriplex confertifolia is the usual one for 

Rampart Cave middens. The only unusual species is Vitis arizonica 

Engelm. (canyon grape), found in only two other middens. Perhaps 

grape vines grew on the seep areas below Rampart Cave. Vitis arizon

ica occurs today on two seeps a short distance downstream from the 

cave.

Rampart Cave Stake 35 (RC St 35)

RC St 35 is located in the southwest corner of Rampart Cave in 

a narrow passageway about 8 m beyond the sloth dung deposit. It is 

named from a cave survey stake nearby. The midden is in the deepest
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part of the cave about 50 m from the entrance. Several indurated 

chunks of midden were resting on the floor of the cave. Juniperus 

twigs and Fraxinus anomala seeds were dated at 12,230+350 YBP (A-1535). 

Fraxinus anomala seeds and twigs were by far the most common fossils 

in the midden. An unusual species, present in considerable quantity, 

is Yucca brevifolia. It was found in only one other midden. Pit B 

Front, which contained a trace.

The combination of large amounts of ash and small amounts of 

juniper is unusual for a midden as old as RC St 35. Perhaps it has 

something to do with the distance of Stake 35 from the entrance to 

Rampart Cave, at least 50 m of travel for the packrats.

Rampart Cave Stake 0+50 (RC St 50)

The youngest of the Rampart Cave middens, St 50 is located 

atop a thin layer of sloth dung in the large northwest passage of the 

cave. Apart from the packrat seam itself, it is the only midden in a 

part of the cave accessible to sloths. The midden post-dates sloth 

extinction.

Multiple dates were run in order to test age variations on 

different materials and within a single midden. One date was on a 

sloth dung ball included in the midden. The result, 11,140+250 YBP 

(A-1453), falls quite close to the estimated date of extinction at 

Rampart Cave about 11,000 years ago (Long and Martin 1974). The 

other three dates were on plant materials from the midden: 9,770+160

YBP (A-1450) on Juniperus twigs, 9,520+400 YBP (A-1451) on Fraxinus 

anomala twigs and seeds, and 9,520+330 YBP (A-1452) on a single leaf
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of Agave utahensis. These three dates are within one standard devia

tion of each other, indicating that a single depositional period was 

involved in the formation of the midden. The sloth dung is signifi

cantly older than the midden; presumably packrats incorporated it into 

the midden from the top of the dung deposit. The older date on the 

dung ball is in accord with the conclusion of Long, Hansen, and Martin 

(1974) that sloths did not survive into the early post-glacial. It 

agrees very closely with the dates on undisturbed dung balls from the 

top of the deposit, representing the terminal use of Rampart Cave by 

ground sloths.

The Stake 50 midden contains abundant fragments of Fraxinus 

anomala and Juniperus, and lacks most of the other woodland species 

found in the other Rampart Cave middens. While absent from all the 

other Rampart Cave middens, Nolina microcarpa leaf fragments and 

Physalis sp. seeds are common in Stake 50, as they are in most of the 

younger middens from other sites in the area. Stake 50 is typical of 

Stage TV middens in recording fewer remains of woodland species and 

more of desert species.

Vulture Canyon

Vulture Canyon is a large side canyon on the south side of the 

Grand Canyon just upstream from Rampart Cave. It has been an espe

cially rewarding place to search for Pleistocene packrat middens. 

Thirteen middens from Vulture Canyon ranging in age from 30,000 to 

8,500 YBP are included here, five of them from Vulture Cave. Nine 

additional middens collected in Vulture Cave will be reported later.
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Five additional unanalyzed middens have been collected at higher elev

ations in Vulture Canyon. The middens from Vulture Cave, like those 

from Rampart Cave, provide an excellent time series from a single 

site, while the others from the canyon represent a variety of different 

ages, elevations, and habitats. Both the oldest and the youngest 

midden in my study were found in Vulture Canyon.

The location of the Vulture Canyon midden sites is shown in 

Figure 2. They are described below in order of decreasing age.

Vulture Cave _ ,

Vulture Cave is a small, complex cave in an upper unit of Muav 

limestone. It has a horizontal, boulder-choked entrance, one small 

main room, and three parallel passageways. Unlike Rampart Cave, the 

main room of Vulture Cave is rubble-filled, and the cave appears to 

have undergone considerable degradation during the past 30,000 years.

A diagram of the cave showing the location of the middens is shown in 

Figure 4.

The cave is located on the west side of Vulture Canyon on an 

east-facing slope at an elevation of 645 m (2120 feet). Nearby is a 

small, steep wash tributary to the main part of Vulture Canyon; fault

ing along this wash appears to have contributed to the deterioration 

of the cave.

The five middens considered here range in age from 30,000 

years old to 14,000 years old and form a well-spaced time series 

through the last full glacial period.
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VULTURE CAVE
Figure 4. Localities of packrat middens within Vulture Cave. Adapted from J. I. Mead (unpublished).



39

Vulture Canyon 9 (VC 9). Dated at 29,810+1980 YBP (A-1605),

VC 9 is the oldest midden in my study. Although it was probably within 

Vulture Cave when it was formed, it is presently in a rather precarious 

position in a horizontal crevice just outside the cave entrance. Vul

ture Cave has apparently undergone considerable erosion through large 

blocks falling from the cliff face during the past 30,000 years.

The interstadial woodland documented by the VC 9 fossil assem

blage is similar in many respects to the Stage II and III assemblages 

from Rampart Cave. Juniperus and Fraxinus anomala are the predominant 

species in the midden. Leaves of Yucca baccata, a high desert species 

absent from the area today, are common in the midden; seeds of Opuntia 

basilaris, a cactus of wide elevational range present in the local 

flora today and in many of the old middens from the area, are occa

sional in VC 9. On the whole, desert species are more heavily 

represented in VC 9 than in the Stage II middens, whose descriptions 

follow. These xerophytic species increase again in number in Stage 

III and Stage IV middens.

Vulture Canyon 7 (VC 7). Located on the floor of Vulture Cave 

at the back of the main room, this is the oldest of the Stage II (full 

glacial) middens from the cave. Juniperus twigs from the midden were 

dated at 22,720+610 YBP (A-1604).

The most abundant species represented in VC 7 are Juniperus 

and Atriplex confertifolia. Fraxinus anomala, second in number of 

fossils to Juniperus in VC 9, is reduced to a single twig in VC 7; 

this could well be a case of redeposition from an earlier time, as



the species is absent from the other full glacial age middens from 

Vulture Cave. Yucca baccata is also absent from this and the other 

stage II middens from Vulture Cave, while it is present in VC 9 and the 

younger middens. I believe the absence of these two species from 

Stage II middens is a true reflection of their position in the commun

ity at the time. They are both readily incorporated into middens, and 

were probably much reduced or absent from the slopes around Vulture 

Cave during Stage II. The fluctuations were local, however, as both 

species are present in Stage II middens from Rampart Cave. Atriplex 

confertifolia and Symphoricarpos fossils are both present in Stage I 

VC 9, but both are much increased in Stage II middens.

Vulture Canyon 10 (VC 10). The second of three Stage II 

middens from Vulture Cave, VC 10 is also located on the floor of the 

main room of the cave. Juniperus twigs from the midden were dated at 

19,050+390 YBP (A-1606).

The species composition of VC 10 is similar to that of VC 7. 

Juniperus twigs and seeds and Atriplex confertifolia fruits are abun

dant; Fraxinus anomala twigs and fruits are absent. This is the only 

Vulture Canyon midden in which Ribes montigenum spines are present; 

the high-elevation shrub is also present in Stage II middens from Ram

part Cave.

Vulture Canyon 6 (VC 6). An indurated midden also located on 

the floor of the main room of Vulture Cave, VC 6 was dated at 17,610+^ 

290 YBP (A-1603) on Juniperus twigs and is the second youngest of the

40

five Vulture Cave middens considered here.
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The species composition of VC 6 is very similar to that of 

VC 10. Fossil parts of Juniperus and Atriplex confertifolia are abun

dant; those of Fraxinus anomala are absent. While they differ in 

details, the three Stage II packrat middens from Vulture Cave are very 

similar in their species composition and abundances. Certain desert 

species such as Yucca baccata. Ephedra, and Encelia are absent or much 

reduced in the numbers of their fossils in Stage II middens compared 

with middens from other time periods; nonetheless, all three middens 

from Stage II show a majority of desert plants among the species iden

tified.

Vulture Canyon 8 (VC 8). The largest of the indurated 

middens in Vulture Cave, VC 8 is located along the south wall of the 

cave at one end of the main room. It is the youngest of the Vulture 

Cave middens, dated at 13,820+220 YBP (A-1564) on Juniperus twigs.

Like all of the other Vulture Cave middens, VC 8 contained 

abundant Juniperus twigs and seeds, many Atriplex confertifolia 

fruits, and some Symphoricarpos seeds. I consider it to be the first 

of the Stage III middens, however, as Fraxinus anomala, Ephedra, and 

Encelia fossils return in VC 8 after an absence in the Stage II 

middens. The species' presence and abundance patterns in VC 8 are 

similar to those of VC 9, 16,000 years earlier.

Vulture Canyon 5 (VC 5)

The remaining are all from small rock shelters rather than 

caves, and, with one exception, each midden is from a different site. 

VC 5 is the oldest midden from a small shelter in the Rampart Cave
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area. The site is on the west side of Vulture Canyon about 200 m ver

tically above the wash, at an elevation of 620 m (2030 feet) on an 

east-facing slope. The site will not survive much longer; parts of 

the midden are weathering out, and the rock shelter is eroding badly.

Juniperus twigs from VC 5 were radiocarbon dated at 13,400+390 

YBP (A-1579). The most abundant fossils in the midden are Juniperus 

twigs and seeds, Agave utahensis leaf fragments, and Acacia greggii 

leaves, twigs, and pod fragments. Only two fragments of Fraxinus 

anomala fruits were recovered. Several of the other woodland and high 

elevation desert species present in Vulture Cave middens were also 

found in VC 5, including Symphoricarpos, Atriplex confertifolia, Cole- 

ogyne ramosissima, and Yucca baccata.

Vulture Canyon 1 (VC 1)

VC 1 was the first packrat midden found outside Rampart Cave. 

It is located at the base of steep cliffs at the mouth of Vulture 

Canyon, close to Rampart Cave. The site is on an east-facing slope 

at an elevation of 540 m (1760 feet). Juniperus twigs from the 

midden were dated at 12,770+440 YBP (A-1316).

Juniperus twigs are by far the most abundant fossil in VC 1, 

represented by over 11,000 items. The next most abundant taxon was 

Sphaeralcea carpels with 100. Atriplex confertifolia fruits and 

Opuntia whipplei seeds are common as in the other older Vulture Can

yon and Rampart Cave middens. The most important species lacking 

in VC 1 is Fraxinus anomala. Coleogyne ramosissima seeds are present
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in VC 1, as they are in about half of the other Vulture Canyon middens. 

They are absent from all of the Rampart Cave middens.

Vulture Canyon 14 (VC 14)

This midden was found in a large, rubble-filled rock shelter 

located about 200 m upstream from Vulture Cave. It is in the same 

rock stratum as the cave and at the same elevation, 645 m (2120 feet), 

on an east-facing slope. Juniperus seeds and twigs from the midden 

were dated at 11,870+190 YBP (A-1587).

The species here are similar to those in middens from Vulture 

Cave. In comparison with VC 8, the oldest of the Stage III middens, 

Fraxinus anomala has increased somewhat, while Atriplex confertifolia 

has decreased in abundance of fossils present in the midden. VC 14 

is one of two middens in which seeds of Ostrya knowltonii Coville 

(Knowlton hop-hornbeam) are present; VC 8 is the other.

Vulture Canyon 4 (VC 4)

VC 4 is the first of three middens which differ from the others 

from Vulture Canyon in being within packrat foraging distance from the 

wash at the bottom of the canyon. VC 4 is from a shallow rock shel

ter on the east side of the canyon about 50 m from the wash on a 

locally south-facing slope. The elevation of the site is 495 m (1620 

feet). Juniperus seeds and twigs from the midden were dated at 10,610 

+320 YBP (A-1566).

VC 4 is the first midden from Vulture Canyon which falls 

within Stage IV, the youngest stage for Pleistocene vegetation. It



44

contains only two woodland species, Juniperus and Fraxinus anomala. 

Three other species are high desert plants absent from or relict in the 

area today; the other 12 species or genera identified from fossils in 

the midden are still present in the area. This is the usual pattern 

for middens of Stage IV: woodland species are much decreased in their

diversity in the younger middens.

Vulture Canyon 3 (VC 3)

VC 3 is a small midden which did not contain enough material 

for a radiocarbon date. It is included here because it was found in 

the same shelter as VC 4. The two middens contained many of the same 

species, except that a few more woodland and high desert species are 

present in VC 3, an indication that it might be older. The most 

notable plant found in VC 3 is a single leaflet of Prosopis juliflora 

(Swartz) DC. var. velutina (Woot.) Sarg. (velvet mesquite). It was 

not found in any other midden in the study. The form growing inx 

parts of the area today is Prosopis juliflora var. torreyana L.

Benson (Torrey mesquite); this variety has larger leaflets. The 

smaller-leaved variety present in the midden is the common variety 

at upper floodline along the Colorado River in most of the upstream 

part of the Grand Canyon.

Vulture Canyon 2 (VC 2)

Located in a small knob near the mouth of Vulture Canyon, VC 

2 is in a small cave about 20 m above the canyon floor. The site is 

at an elevation of 460 m (1520 feet); the slope below the entrance is

southeast-facing.
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VC 2 is a complex midden with several Holocene layers and one 

Pleistocene level, which was dated at 10,250+290 YBP (A-1567) on Juni- 

perus twigs. Its species composition is very similar to that of VC 3 

with only two woodland species, Juniperus and Fraxinus anomala; two 

high desert species, Opuntia whipplei and Salvia dorrii (Kell.) Abrams, 

(desert sage); and the rest extant desert species in the area.

None of the middens located within packrat foraging distance 

of the wash at the bottom of Vulture Canyon contains species which 

would indicate that there was a permanently running stream in the can

yon during at least Stage IV of the late Pleistocene.

Vulture Canyon 12 (VC 12)

Found in a crevice about 20 m above Vulture Cave, VC 12 is 

the youngest midden in my study. It was dated at 8,540+180 YBP (A- 

1568) on Fraxinus anomala fruits and twigs, and probably represents 

the terminal age for displaced vegetation in the lower Grand Canyon.

The abundances of juniper and ash are reversed in VC 12 

compared with other middens in Vulture Canyon, with fossils of Frax

inus anomala six times as abundant as those of Juniperus. On the 

whole, there is a definite shift in species presence and abundance 

in the midden away from Pleistocene conditions. Although there are 

important differences from modern vegetation patterns, the trend 

toward modern plant communities is unmistakable.

Desert Almond Canyon

On the north side of the river, a series of ten middens from 

Desert Almond Canyon form a group showing differences in age, slope
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exposure, and distance from the canyon floor. The east-west flowing 

canyon just downstream from Rampart Cave has steep north- and south

facing walls, and middens have been found on both exposures. A single 

midden from adjacent Needle-eye Canyon is included in the series.

The age range of Desert Almond middens, confined to Stages III 

and IV, is not as great as for the two areas discussed previously.

All of the middens are from different sites; I have found no caves 

with multiple middens here. The distribution of sites in different 

microhabitats is the most significant feature of the Desert Almond 

midden series.

Locations of the sites are shown in Figure 2. The middens are 

described below in order of decreasing age.

Desert Almond 10 A (DA 10 A)

The oldest and highest elevation midden in Desert Almond Can

yon, DA 10 A is located on the south side of the canyon about 200 m 

from the wash on a north-facing slope at an elevation of 635 m (2080 

feet). Juniperus twigs from the midden were dated at 12,650+380 YBP 

(A-1720).

Except for the trace identified in Rampart Cave Rat Layer,

DA 10 A is the only midden in my study area to contain Pinus. The 

midden also differs from all the others in Desert Almond Canyon in 

the absence of Fraxinus anomala and the presence of Atriplex confer- 

tifolia. Along with the several other woodland and high desert 

species present in DA 10 A, the combination is similar to Stage II
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middens from Vulture Cave. I was surprised at the young date; the 

site appears to be rather protected and mesic today, and perhaps the 

unusual combination of species in the midden represents a local micro

habitat situation rather than being typical of the time period of the 

area. Three other undated middens from adjacent shelters contained 

abundant Fraxinus anomala and Juniperus but no Pinus. I will not be 

able to fully assess the place of DA 10 A in the series until addi

tional, older middens are found in the area and dated.

Desert "Almond 4 (DA 4)

Although located in a very small rock shelter, DA 4 is among 

the largest and best-preserved middens in Desert Almond Canyon. It 

is in a low cliff at an elevation of 585 m (1920 feet) at the next 

level below the previous site. Juniperus twigs were dated at 11,990+ 

490 YBP (A-1423).

Juniperus twigs and seeds are the most abundant fossils in DA 

4, followed by Fraxinus anomala, Nolina microcarpa, and Mortonia sca- 

brella var. utahensis. Leaves of Cercocarpus intricatus Wats, (little- 

leaf mountain mahogany) and seeds of Symphoricarpos, both woodland 

shrubs, are present in the midden, along with fossils of several high 

elevation desert species. There are also several desert species 

unchanged in their distribution, including Crossosoma bigelovii and 

Gutierrezia lucida. The proportion of extralocal species is higher

here than in Vulture Canyon.



48

Desert Almond 5 (DA 5)

Found on the opposite slope of Desert Almond Canyon from the 

preceding middens, DA 5 is from a rock shelter 13.5 m from the wash at 

an elevation of 565 m (1850 feet) on a southwest-facing slope. It was 

dated at 10,450+420 YBP (A-1456) on a combination of Mortonia scabrella 

leaves, Juniperus twigs, and Fraxinus anomala twigs and fruits.

Although many of the species found in other middens from 

Desert Almond Canyon are present, there are several woodland species 

which are absent. I attribute the absence of Symphoricarpos and 

Cercocarpus intricatus to the site, the most xeric in the series.

The site is close enough to the canyon floor to make the wash and the 

opposite north-facing slope within easy packrat foraging distance.

The site is therefore not a true test of presence or absence on an 

exposed xeric slope.

Needle-eye Canyon 1 (NC 1)

Needle-eye Canyon is the next canyon downstream from Desert 

Almond Canyon. The midden site is high on the steep, narrow ridge 

that separates the two canyons. Located at an elevation of 550 m 

(1800 feet) on a north-facing slope, the midden was dated at 9,720;+

260 YBP (A-1618) on Juniperus twigs.

Although NC 1 consists of only a single thin layer on the 

floor of a small shelter, it is rich in quantity and variety of plant 

materials. Juniperus twigs and seeds and Fraxinus anomala twigs and 

fruits predominate; Nolina microcarpa leaves, Rhus trilobate seeds, 

and Ephedra seeds are also abundant. Fossils of several other of
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the lower elevation woodland species are present, including Cercocarpus 

intricatus leaves. Symphoricarpos seeds are absent in NC 1. Many 

desert species are represented, and fossils of true woodland species 

are sparse or absent from the midden.

Desert Almond 8 (DA 8)

DA 8 was found in a knob adjacent to the site of DA 3, in a 

steep side canyon on the north-facing slopes of Desert Almond Canyon 

at an elevation of 575 m (1880 feet). Its date of 8,850+150 YBP 

(A-1547) on Molina microcarpa leaf fragments approaches the terminal 

age for displaced vegetation in my study.

DA 8 is considerably different from the other middens in the 

series. The only woodland species represented are Juniperus and Frax- 

inus anomala; fossils of both are rare in the midden. The most common 

fossils are Nolina microcarpa leaf fragments, Mortonia scabrella var. 

utahensis leaves, Ephedra seeds, and Prunus fasciculate seeds. Mor

tonia and Ephedra are common at the site today; Nolina and Prunus are 

present as single, relict individuals within a few hundred meters of 

the site. The other species in the midden are in the modern flora.

Other Middens from Desert Almond Canyon

Five additional middens have been analyzed and dated from 

Desert Almond Canyon. They will not be discussed individually; eleva

tion, slope, and radiocarbon date information is found in Table 1, 

and the locations are shown in Figure 2. The species lists of fossils 

recovered from these middens can be found in Appendix A. In
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general, they all contain fossil assemblages similar to those described 

for DA 3 and 4 above. The number of woodland species decreases 

slightly, and the number of desert species increases somewhat, as the 

age of the middens decreases.

Exposed Site Middens

Three midden sites from the north side of Lake Mead are located 

in open areas in the main part of the Grand Canyon. Ancient packrat 

middens are more difficult to locate outside of the side canyons; there 

are fewer good exposures of Muav limestone, and fewer of the shelters 

contain middens of Pleistocene age than in the other three collecting 

areas. The open habitats of the exposed site middens is in strong 

contrast to the areas where the other middens in my study were found.

Muav Gate 1 (MG 1)

The lowest elevation and most exposed midden site in the Ram

part Cave area is located across Lake Mead from Rampart Cave at one 

end of a large flat travertine area. The site is on the side of a 

large block of Muav limestone which apparently broke off from the 

cliffs above and became embedded in the travertine. The elevation 

of the site is 440 m (1440 feet). Juniperus twigs from the midden 

were dated at 12,430+550 YBP (A-1455).

MG 1 is rich in Juniperus. As the lowest elevation midden 

site in my study, it establishes the minimum elevational depression 

for juniper in the late Pleistocene in the lower Grand Canyon at 1,000 

m. Several notable species are absent, including Fraxinus anomala,
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Cercocarpus intricatus, Symphoricarpos, and Nolina microcarpa. These 

are primarily species of steep, rocky slopes and side canyons that 

would not be expected to occur in the open, exposed habitat of MG 1. 

Coleogyne ramosissima is more common in MG 1 than in any other midden; 

it prefers flat or rolling alluvial areas on the rims. Seeds of 

Ephedra and several species of cacti are common fossils in the midden 

and in the modern plant community.

The most notable fossils in MG 1 are fruits of Fraxinus 

pennsylvanica subsp. velutina, a tree found near permanent water, such 

as at Ash Seep Glen and Evans1 Heaven. Closer examination of the site 

revealed a small wash next to the knob containing the midden. The 

wash originates in a small cave at the base of the cliffs above. From 

the large amount of travertine near the opening, it appears that there 

was a permanent stream issuing from the cave and flowing downslope by 

the midden site to the Colorado River. Apparently, velvet ash trees 

grew in the locally protected area in the stream next to the knob 

12,000 years ago.

Window Rock 1 (WR 1)

The Window Rock midden sites are located in a cliff at the 

mouth of Window Rock Canyon on the north side of Lake Mead across 

from Vulture Canyon. WR 1 is at an elevation of 465 m (1525 feet) on 

a north-facing slope and was radiocarbon dated at 11,310+380 YBP 

(A-1314) on Juniperus twigs.

The site is in an open, exposed situation with little if any 

protection from the side canyon. Topographically, it differs from
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Muav Gate 1 in its location on a steep, rocky slope high enough above 

the dry side canyon to be out of foraging range from the canyon floor.

The side canyon species missing from MG 1 and present in con

temporaneous Desert Almond middens are also absent from WR 1. Ephedra 

seeds are second only to Juniperus twigs in abundance in the midden; 

Ephedra nevadensis is a dominant species in the modern community at 

the site.

Window Rock 2 (WR 2)

• Located in a rock shelter near WR 1, WR 2 is on a north-facing 

slope at an elevation of 465 m (1525 feet). Juniperus twigs and seeds 

were radiocarbon dated at 10,250+200 YBP (A-1352).

The plant species represented in this midden are similar to 

those in WR 1. Juniperus twigs and Ephedra seeds are the most abun

dant; the side canyon woodland species are absent except for one 

level of the midden containing Symphoricarpos♦ The plants from these 

two middens are closely similar. The species in the middens from this 

open, exposed site 10,250 and 11,300 years ago are similar to those 

in Vulture Canyon middens 9,000 years ago.

Iceberg Canyon

Iceberg Canyon is 20 km downstream along the Colorado River 

from Rampart Cave and 15 km west of the Grand Wash Cliffs. Although 

it is not within the local area where the other middens were found, 

and is outside the Grand Canyon, a single midden from Iceberg Canyon 

is included in the study.
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Iceberg Canyon 1 (IC 1)

The Iceberg Canyon midden site is on the south wall of the can

yon on a northwest-facing slope at an elevation of 425 m (1400 feet). 

Juniperus twigs from the midden were dated at 11,010+400 YBP (A-1322). 

As with the Grand Canyon sites, Juniperus twigs are the most abundant 

extralocal fossils in the midden, establishing the existence of a 

late Pleistocene woodland along the Colorado River below the Grand 

Canyon. The site is lower than Muav Gate 1 by about 15 m, and repre

sents the lowest possible site for fossil Juniperus in northwestern 

Arizona above Hoover Dam. Two additional woodland species are present 

in IC 1: Fraxinus anomala, represented by numerous twigs and fruits,

and Symphoricarpos, represented by a single seed. Although the site 

is along the Colorado River, Iceberg Canyon is very narrow and steep 

walled and the degree of exposure is probably more similar to Vulture 

Canyon than to the Muav Gate and Window Rock sites. The only fossil 

species found here and not elsewhere is Opuntia erinacea Engelm. & 

Bigel. (grizzly bear cactus), of which several seeds are present.

This cactus is common today on the rolling hills on the rims of Ice

berg Canyon.



ANNOTATED LIST OF PLANT SPECIES IN PLEISTOCENE MIDDENS

A number of plant species recovered from the middens are of 

particular interest or have particular significance in interpreting 

Pleistocene environments in the lower Grand Canyon. Some of these 

were confined to certain habitats or time spans; others are of 

interest through comparison between their modern and fossil distribu

tions. Table 2 summarizes information about the 66 taxa of plants I 

have recovered from late Pleistocene packrat middens from the Grand 

Canyon.

Plants Absent Today

Most of the species associated with pinyon-juniper woodland 

and higher elevation communities are absent from the Inner Gorge of 

the Grand Canyon today. They are generally found no lower than the 

base of the Upper Grand Wash Cliffs, and their lowest elevation 

occurrences are around 1,500 m.

Juniperus sp. (juniper)

I have used juniper twigs as a field indicator of Pleistocene 

age middens in the Grand Canyon. No middens were found to contain 

extralocal species unaccompanied by juniper. The widespread occur

rence of juniper-containing middens from all habitats sampled, and 

the spread of radiocarbon dates, indicate that juniper occupied a 

wide variety of habitats in the Inner Gorge, ranging from protected
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Modern distribution: HD, high desert (rims); LD, low desert (Inner Gorge); R, riparian;
W, woodland on rims; Fossil parts: FI, flowers; Fr, fruits; L, leaves; S, seeds; T,
twigs; Areas: 1, Rampart; 2, Vulture; 3, Desert Almond; 4, open sites.

Table 2. Plants recovered from fossil packrat middens In the Rampart Cave area.

Taxa Common Name
Modern No. 

Distribution of
Middens

Age
Range
xlO3

Fossil
Parts

Recovered
Areas

Acacia greggii Gray catclaw acacia LD 12 8.5-14 L,T 1234

Agave utahensis Engelm. Utah agave HD, LD 17 8.5-19 L, S 1234

Allionia incarnata L. trailing four-o 'clock LD 1 10.6 Fr 2

Amsinckia intermedia fiddleneck LD 1 13.8 S 2
Fisch. & Meyer

Amsonia eastwoodiana Rydb. HD 16 8.5-30 S,Fr 234

Anemone tuberosa Rydb. anemone LD 5 10-12 S 34

Argemone sp. prickle-poppy LD 13 8.5-23 S 1234

Astragalus nuttallianus DC. milkvetch LD 3 11-12 Fr 34

Atriplex canescens (Pursh) 
Nutt.

four-wing saltbush LD,HD 3 12-13 Fr 1

Atriplex confertifolia shadscale HD 16 12-30 Fr, L 123
(Torr. & Frem.) Wats.

Boerhavia coulter! spiderling LD 2 8.5,19 Fr 23
(Hook.) Wats.



Table 2. Plants recovered from fossil packrat middens in the Rampart Cave area. (Continued)

Taxa
Modern No. 

Common Name Distribution of
Middens

Age
Range
x!0J

Fossil
Parts

Recovered
Areas

Brickellia atractyloides 
Gray

brickell-bush LD 4 9-11 L 34

Brickellia longifolia Wats. brickell-bush LD 6 12-19 L 12

Caucalis microcarpa 
Hook & Arn.

LD 2 10,12 S 14

Cercocarpus intricatus Wats. little-leaf mountain 
mahogany

W 5 8.5-12 L 234

Chrysothamnus sp. rabbit-brush HDfW 11 8.5-16 FI 1234

Cirsium sp. thistle LD-W 20 8.5-30 S 1234

Coleogyne ramosissima 
Torr.

black-brush HD 16 10-23 L,Fr 234

Crossosoma bigelovii 
Wats.

crossosoma LD 15 8.5-19 L,S 1234

Cryptantha virginensis 
(Jones) Payson

W 4 10-23 S 23

Draba sp. draba LD-W 1 11 Fr 4

Echinocactus polycephalus 
Engelm. & Bigel.

woolly-headed barrel 
cactus

LD 21 8.5-30 S 1234



Table 2. Plants recovered from fossil packrat middens in the Rampart Cave area. (Continued)

Modern- No. Age Fossil
Taxa Common Name Distribution of Range Parts Areas

Middens xlO^ Recovered

Echinocereus sp. hedgehog cactus LD 19 8.5-30 S 1234

Encelia spp. brittlebush LD 19 8.5-30 Fr 1234

Ephedra spp. Mormon-tea LD-W 26 8.5-19 S,T 1234

Fallugia paradoxa Apache-plume HD,R 4 8.5-16 L 134
(D. Don) Endl.

Ferocactus acanthodes 
(Lemaire) Britton & Rose

California barrel 
cactus

LD 7 8.5-19 S 23

Franseria confertiflora 
(DC.) Rydb.

bur-sage HD 1 10.3 Fr 3

Franseria dumosa Gray white bur-sage LD 1 13.4 Fr 2

Fraxinus anomala Torr. single-leaf ash W 29 8.5-29.8 L,T,Fr 1234

Fraxinus pennsylvanica 
Marshall ssp. velutina

velvet ash R 1 12.4 Fr 4

(Torr.) G.N. Miller

Galium sp. bedstraw LD 5 9.7-13.8 S 1234

Gutierrezia lucida Greene snakeweed LD 20 8.5-19 FI 1234

Hedeoma sp. mock-pennyroyal LD 2 8.5 Fr 23



Table 2. Plants recovered from fossil packrat middens in the Rampart Cave area. (Continued)

Modern • No. Age Fossil
Taxa Common Name Distribution of Range Parts Areas

Middens xl(P Recovered

Juniperus sp. juniper W 35 8.5-30 T,S 1234

Larrea tridentata (DC.) creosote-bush LD 2 8.5-11.9 L 23
Coville

Lepidium sp. pepper-grass LD 15 8.5-16 Fr 1234

Lycium andersonii Gray desert-thorn LD 2 10.2-18 T 14

Mentzelia sp. stick-leaf LD 5 10.2-12.4 S 134

Mortonia scabrella Gray
var. utahensis Coville sandpaper bush HD 15 8.5-22.6 L,Fr 234

Nolina microcarpa Wats. beargrass HD 11 8.5-22.6 L 1234

Oenothera cavernae Munz evening-p rimrose LD 1 11.3 Fr 4

Opuntia basilaris Engelm. beavertail cactus LD 19 8.5-29.8 S 1234
& Bigel.

Opuntia echinocarpa silver cholla HD 2 12.2-22.6 S 12
Engelm. & Bigel.

Opuntia erinacea HD 1 11.0 S 4
Engelm. & Bigel.



Table 2. Plants recovered from fossil packrat middens in the Rampart Cave area. (Continued)

Modern No. Age Fossil
Taxa Common Name Distribution of Range Parts Areas

Middens x 10J Recovered

Opuntia whipplei 
Engelm. & Bigel.

Ostrya knowltonii Coville

Penstemon eatonii Gray

Phacelia crenulata Torr.

Phoradendron californicum 
Nutt.

Physalis sp.

Pinus edulis Engelm.

Pinus monophylla 
Torr. S Frem.

Prosopis juliflora (Swartz) 
DC. var. velutina (Woot.) 
Sarg.

Prunus fasciculata 
(Torr.) Gray

Rhamnus betulaefolia Greene

whipple cholla HD

Knowlton hop-hornbeam W

Eaton beardtongue LD

LD

California mistletoe LD

ground-cherry LD

Colorado pinyon W

single-leaf pinyon W

mesquite LD

desert-almond HD

birchleaf buckthorn W

23 8.5-29.8 s 1234

2 11.9-13.8 s 2

5 9.5-18 Fr 13

. 5 10.1-13.8 S 234

6 8.5-10.9 T 234

22 8.5-29.8 S 1234

1 13 L 3

1 13 L 3

1 - L 2

13 8.5-18 Fr,L 1234

6 9.6-29.8 S 123 inID



Table 2. Plants recovered from fossil packrat middens in the Rampart Cave area. (Continued)

Taxa Common Name
Modern No. Age Fossil

Distribution ■ of Range Parts
Middens x 10^ Recovered

Areas

Rhus trilobata Nutt. squaw-bush w 8 8.5-29.8 s 234

Ribes montigenum McClatchie goose-berry currant w 4 14-19 T,F1 12

Salvia dorrii (Kell.) desert sage HD 11 8.5-18 L 124
Abrams.

Sphaeralcea sp. globe-mallow LD 27 8.5-29.8 Fr,L,T 1234

Symphoricarpos sp. snowberry W 24 8.5-29.8 S 1234

Thamnosma montana 
Torr. & Frem.

turpentine-broom HD 1 8.5 S,T 3

Thysanocarpus amplectens lace-pod LD 3 9.7-11.3 Fr 4
Greene

Vitis arizonica Engelm. canyon grape R 3 10.2-13.8 s 124

Yucca baccata Torr. banana yucca HD 18 8.5-29.8 L, S 1234

Yucca brevifolia Engelm. Joshuatree HD 2 12.2-16 L 1
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side canyons to exposed benches at an elevational range from at least 

440 m to 720 m during the period from at least 30,000 radiocarbon 

years ago to 8,500 years ago.

The nearest juniper woodland I have visited is at the base of 

the Upper Grand Wash Cliffs, 12 km east of the study area across the 

Sanup Plateau at an elevation of 1,500 m (5,000 feet). This is not 

appreciably higher than the rim of the canyon which supports a Cole- 

ogyne ramosissima-Cowania mexicana-Yucca baccata-Agave utahensis 

desert. Upwelling of warm, dry air from the canyon is one possibility 

which would make the rims more xeric than less exposed localities at 

the same elevation.

Local occurrences of scattered individuals of Juniperus osteo- 

sperma should be mentioned. About six grow on a shelf just under the 

lip of the rim in the amphitheater at the head of Desert Almond Canyon. 

A single large individual grows at Juniper Seep, 10 km upstream from 

Rampart Cave and less than 50 m above Lake Mead at an elevation of 

400 m. This is an exceptional record; the tree is growing on a 

seepage from the Bright Angel shale. These scattered individuals 

are special cases and are separate from the lowermost development of 

juniper woodland.

Fraxinus anomala (single-leaf ash)

Although single-leaf ash is not found today below the rims in 

the lower part of the Grand Canyon, it is found in side canyons near 

the Colorado River in Marble Canyon and in drainages on the Tonto 

Platform at the base of the Redwall in the central part of the Grand
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Canyon. In both of these areas it occurs at lower elevations than 

juniper. At higher elevations, as in southern Utah, it mingles freely 

with pinyon and juniper, although the ash is usually found in the 

steeper, more xeric sites.

Quantities of small twigs and fruits of Fraxinus anomala are 

present in most of the non-Stage II middens from side canyons and all 

of the Rampart Cave middens. The series of middens from Vulture Cave 

shows a very sensitive fluctuation in fossils of single-leaf ash. It 

was a dominant with juniper in the Stage I midden 30,000 years ago 

(VC 9), was represented by a single twig, perhaps contaminant, at 

the beginning of Stage II 22,600 years ago (VC 7) and was absent 

from Stage II middens 19,000 and 17,600 years ago (VC 10 and VC 6). 

Juniper twigs remained consistently abundant in middens throughout 

the period.

Following Stage II, Fraxinus anomala fossils reappeared in 

Vulture Cave middens 14,000 years ago (VC 8), and by 8,500 years ago 

(VC 12)> they had surpassed juniper in abundance in middens. These 

changes record fluctuations in abundance of the ash in the local 

community. It may have been locally absent during Stage II, return

ing at the start of Stage III and surpassing juniper in abundance and 

perhaps in longevity around Vulture Cave.

That such speculation can not be extended to the whole area 

from a single site is shown by considering the Rampart Cave record for 

Fraxinus anomala. It is present in considerable quantities in both of 

the Stage II middens. Following the same pattern as Vulture Cave
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middens in Stages III and IV, ash twigs and seeds are more abundant in 

the younger middens from Rampart Cave.

In Desert Almond Canyon, single-leaf ash is present in all 

middens from 8,500 YBP to 12,000 YBP. It is absent from a midden dated 

at 12,600 YBP (DA 10 A); without older middens it is impossible to 

know whether its absence reflects a trend similar to that of the Vul

ture Canyon middens.

Pinus spp. (pinyon pine)

Pinus monophylla and Juniperus osteosperma have about the same 

lower elevational limit today at the base of the Upper Grand Wash 

Cliffs on the Sanup Plateau. This was apparently not the case in the 

Pleistocene, for pinyon needles have been recovered from only two 

sites, while juniper twigs have been found in some 50 Inner Gorge 

middens. The abundance of juniper in middens of many ages and from 

many habitats indicates that it was much more widespread, geographi

cally and probably temporally, in the Rampart Cave area.

According to Ronald M. Banner (Utah State University; personal 

communication 1976), two-needle Pinus edulis-type fascicles and 

single-needle P̂. monophylla-type fascicles are present in DA 10 A in 

a proportion of 4:1. It is not possible to tell whether both species, 

or hybrids only, were growing at the site. The only species of pine 

on the rims above Rampart Cave today is P. monophylla; P_. edulis is 

found in the vicinity of Grand Canyon Village 180 km to the east.

A midden was recently discovered in Cave of the Early Morn

ing Light in Peach Springs Wash which contains only two-needle P.
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edulis-type fascicles. All trees examined in the area have only single

needle 2" monophylla fascicles, although the area of intergradation 

between the two species is presently a short distance to the east.

Pinus edulis apparently expanded westward along the Grand 

Canyon during the late Pleistocene, covering areas which today are 

populated only by P̂. monophylla, while P. monophylla expanded south

ward to several mountain ranges in western and southern Arizona 

where it is not found today (banner and Van Devender 1974). Its 

maximum expansion found thus far was in the Ajo Mountains of Organ- 

pipe Cactus National Monument (Van Devender 1976), a 400 km southward 

displacement.

Symphoricarpos sp. (snowberry)

Symphoricarpos longiflorus Gray (snowberry) is common today in 

the pinyon-juniper woodland on both rims. It has not been found grow

ing in the Rampart Cave area. Seeds of S_. cf. longiflorus are 

consistently present in side canyon and Rampart Cave middens. Their 

abundance decreases in the younger middens, and they are absent or 

rare in the youngest middens from all areas.

The abundance of Symphoricarpos seeds in middens varies 

inversely with that of Fraxinus anomala. In Vulture Cave, snowberry 

seeds are most abundant in Stage II middens; except for VC 12, it is 

much reduced in Stage I and Stage III and TV middens. In VC 12 at 

8,500 YBP it is relatively abundant, although it is absent from 

most of the other Stage III and IV middens.
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Ribes montigenum (gooseberry currant)

This small deciduous shrub is commonly associated with Pinus 

ponderosa Lawson (ponderosa pine) on the Kaibab and Coconino Plateaus 

on the rims of the Grand Canyon. It probably does not occur below 

2/000 m on the Shivwits Plateau, at the top of the Upper Grand Wash 

Cliffs. Among the most mesophytic species identified in Pleistocene 

packrat middens from the Grand Canyon, Ribes montigenum twigs, spines, 

and mummified flowers were present in three Stage II middens, VC 10 

from Vulture Cave, and Pit B Front and Rat Layer from Rampart Cave.

Yucca brevifolia (Joshuatree)

Some of the tallest and densest known stands of Joshua trees 

dominate the rolling hills between Meadview and the Grand Wash Cliffs. 

Joshua trees are found less than 3 km west of Rampart Cave, although 

none are known to grow in the Grand Canyon. It is also found in 

Grapevine Wash east of the Cliffs, just below pinyon-juniper wood

land. Although Joshuatree shares dominance with blackbrush in the 

community south of Pierce Ferry, it is not found in the well-developed 

blackbrush communities on either rim.

Since Joshuatree requires deep, well-developed soil and rela

tively flat topography, I did not expect to find it in fossil packrat 

middens from the Grand Canyon. Even if a cooler, wetter climate 

favored it, the topography and soil development of the canyon did not 

seem suitable. Nevertheless, I found fragments of Joshuatree leaves 

in two Rampart Cave middens. Above Rampart Cave is a narrow shelf
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which may have supported a few Joshua trees during the late Pleis

tocene. Their numbers were probably few and their duration short.

Cercocarpus intricatus (little-leaf mountain mahogany)

Little-leaf mountain mahogany is strictly a pinyon-juniper 

woodland species not present in the canyon today. It was found in 

four middens from Desert Almond Canyon and one from Vulture Canyon.

All were from north- or east-facing slopes at fairly high elevations. 

Its late Pleistocene distribution is more closely related to habitat 

than to midden age. Although it is present throughout the time period 

it is always restricted to mesic slopes in side canyons. It is among 

the most habitat-sensitive species in my study, and it is the most 

important species showing that packrat middens reflect the local micro

habitat of the site from which they were derived.

Ostrya knowltonii (Knowlton hop-hornbeam)

Hop-hornbeam is a small tree scattered in shady canyons below 

the Grand Canyon rims in the central and upper parts of the Canyon 

from Grand Canyon Village eastward at elevations from 1,500 m (5,000 

feet) to 2,500 m (8250 feet). Its seeds were found in two Stage III 

middens from Vulture Canyon in and near Vulture Cave, VC 8 and VC 14.

It was not found in contemporaneous middens from other sites. Both 

are in shady habitats on east-facing slopes at the base of steep cliffs 

which, under a moister regime, would have been similar to areas where 

hop-hornbeam now occurs. Along with Ribes montigenum, it is probably 

the most mesophytic species to be recovered in lower Grand Canyon pack-

rat middens.
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Yucca baccata (banana yucca)

More accurately described as a high desert species than as a 

woodland species, banana yucca is a dominant in the Mohave Desert 

community on both rims and is abundant from there into the woodland 

on the Shivwits Plateau. It has not been collected below the rims 

in the western part of the Grand Canyon, where it is replaced at low 

elevations by Yucca whipplei♦

In the Pleistocene, Yucca baccata was among the most widespread 

species in the Inner Gorge. I have identified leaf fragments of banana 

yucca, generally in small quantities, from nearly all habitats from 

which I have analyzed middens. While it is common in Stage II Pit B 

Front midden from Rampart Cave, banana yucca is absent from the Stage 

II middens from Vulture Cave. It is common in Stage I VC 9 from Vul

ture Cave, and its most abundant occurrence is in Stage IV VC 12, the 

youngest midden in my study. Although less often found than Fraxinus 

anomala and occurring in smaller quantities, banana yucca follows the 

same pattern in its absence from Stage II middens from Vulture Cave, 

its presence in contemporaneous middens from Rampart Cave, and its 

increase in fossil abundance in the youngest middens.

Coleogyne ramosissima (blackbrush)

Blackbrush is an abundant small shrub on the rims, especially 

on the Sanup Plateau where it occurs in unbroken, sometimes nearly 

pure stands from the rim of the Grand Canyon to the top of the Upper 

Grand Wash Cliffs. At the base of the cliffs, above 1,500 m, it 

occurs on the xeric ridges between pinyon-juniper woodland. It is a
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high desert species with a distribution similar to that of banana 

yucca, except that blackbrush does not occur within the woodland.

Blackbrush apparently occurred widely within the Inner Gorge 

in the Pleistocene. Its seeds and leaves are present in small quan

tities in several Vulture and Desert Almond Canyon middens and in all 

exposed site middens; it is especially abundant in the Muav Gate 

midden. The nearby Travertine Flats closely match its habitat on the 

rims today. Blackbrush fossils are absent from all Rampart Cave 

middens and from all post-10,000 YBP middens.

Plants Relict Today

The next group of species includes those which are present as 

relicts with limited occurrences within the Inner Gorge in the Rampart 

Cave area today. In many cases, I have seen only one or two individ

uals occupying unusually well protected sites at higher elevations 

within my study area. They are all high desert species, increasingly 

abundant toward the canyon rim, while their fossils indicate they were 

more widespread in the Inner Gorge during the Pleistocene than they 

are today.

Atriplex confertifolia (shadscale)

A dominant species over much of the Great Basin Desert, shad- 

scale enters the northern part of the Mohave Desert at higher 

elevations where the two desert areas merge. Just upstream from Ram

part Cave, it occupies the travertine terrace seep below Muav caves.

I would expect it on the Sanup Plateau; it occurs on the north rim

at Vulcans Throne.
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Shadscale leaves and fruits are present in all of the older 

middens from Vulture Canyon and Rampart Cave. The youngest midden in 

which they occur is 12,000 year old VC 14. They are most abundant in 

the Stage II middens from both areas, and present in small amounts in 

Stage I VC 9.

The distribution and abundance of shadscale is almost exactly 

complementary to that of single-leaf ash, which is increasingly abun

dant in Stage III and IV middens containing no shadscale and absent 

from Stage II middens. In Desert Almond Canyon the same pattern is 

followed: shadscale is present only in the oldest midden, the only

midden from which single-leaf ash fossils are absent.

Nolina microcarpa (beargrass)

I have collected an unusually wide-leaved variant of beargrass 

at scattered locations in the lower third of the Grand Canyon. Two 

individuals are growing at low elevations in the Rampart Cave area, 

one on a seep near Columbine Falls and the other in a shady alcove in 

Desert Almond Canyon. In Vulture Canyon, it is fairly common above 

850 m at the base of the Redwall. In leaf width these plants resemble 

Nolina parryi Wats., a species known from the Arizona Strip north of 

the Grand Canyon; however, the inflorescence and fruit characters 

place the Inner Gorge specimens in N. microcarpa. The latter species 

occurs in typical narrow-leaved form on the rims above Rampart Cave 

today.

Leaves of Nolina are very abundant in all Desert Almond and 

Needle-eye Canyon middens. The wide leaves are the only ones present
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in all middens having sufficient material for determination. Its 

fossils are common in Stake 50, the youngest midden from Rampart Cave, 

and rare in the Rat Layer midden. They have not been found in any of 

the exposed site or Vulture Canyon middens. Its absence from the 

younger Vulture Canyon middens is difficult to explain.

Mortonia scabrella var. utahensis (sandpaperbush)

A large-leaved northern variety of the typical Chihuahuan 

Desert shrub reaches its lower elevational limits on steep slopes at 

elevations above 600 m in my study area. It is also common on the 

Sanup Plateau at the north rim above Desert Almond Canyon.

Sandpaperbush leaves and capsules are present in all but one 

of the Desert Almond Canyon middens and in most of the higher eleva

tion Vulture Canyon middens. The documented distribution of Mortonia 

in the Pleistocene is little different from its present distribution.

Prunus fasciculate (desert almond)

A large individual of this shrub, along with several seedlings, 

grows in the gravel bed of Desert Almond Canyon in the part of the 

canyon where most of the Pleistocene middens were found. It grows in 

Vulture Canyon above the midden sites. Although not collected on the 

rims, I expect it is a common species along washes of the lower pinyon- 

juniper woodland.

The large, distinctive hard seeds or stones of Prunus fasci

culate were found in all but one of the ten middens from Desert Almond 

Canyon. They occur in the two Stage II middens from Rampart Cave and
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two sites in Vulture Canyon. Seeds were also found in large quantities 

in the exposed site middens from Muav Gate and Window Rock Canyon, 

where I have not found it today. While it is present in greatest 

quantities in Desert Almond Canyon in middens closest to the wash, 

it is also common in middens from the steep slopes beyond packrat 

foraging distance from the canyon floor.

Opuntia whipplei (Whipple cholla)

A few scattered individuals of Whipple cholla have been found 

at higher elevations in Desert Almond and Vulture Canyons. It is 

common today from the rims to the Shivwits Plateau. The only cactus 

in my study area showing a significant change in its distribution 

since the late Pleistocene, its seeds are abundant in ancient middens 

from every area. The seeds are most abundant in middens from Vulture 

Canyon, where they are found in every midden, spanning 20,000 years 

and a wide range of elevations.

Plants Unchanged

The list of low desert plants unchanged in their Inner Gorge 

distributions since the late Pleistocene includes small shrubs, 

cacti, and herbaceous perennials and annuals. Many of these are of 

limited occurrence in the middens, represented by fewer than five 

items in one or two middens. Others are present in large quantities 

through a wide range of ages and sites. Generally, however, the 

quantities of fossils of each of the desert species are much less 

than the important woodland species. What this means in terms of
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comparing packrat collecting biases with abundance or distribution in 

the paleocommunity is uncertain; they are too variable and without 

sufficient pattern to assess their changes through time as was done 

in previous sections for some woodland and high desert species.

Encelia farinosa (brittlebush)

A desert shrub widespread in many Inner Gorge habitats, brittle- 

bush is not found on the rims. Its seeds were found in Pleistocene 

middens from all of the areas where middens were collected. They are 

present in middens of all ages. Brittlebush is absent from full- 

glacial middens from Vulture Cave, while it is present in contempo

raneous middens from Rampart Cave, a pattern shown by other species 

such as Fraxinus anomala.

In addition to Encelia farinosa, E_. frutescens Gray is found 

in the area today, attaining slightly higher elevations. Many Encelia 

seeds in the middens are not well enough preserved to identify to 

species. Probably seeds of both species are present in the middens.

I feel certain that at least some of the seeds are of E. farinosa, 

representing a broad cross section of dates and sites. I would con

sider the occurrence of E_. farinosa in modern juniper woodland to be 

extremely unusual.

Crossosoma bigelovii (crossosoma)

Crossosoma is a shrubby, somewhat vinelike plant common today 

in cracks in rock faces in the Inner Gorge. A large plant is at the 

entrance to Rampart Cave, and it is common in Vulture and Desert 

Almond Canyons. I have not seen it on the rims.
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I have recovered crossosoma seeds and/or leaves from about one- 

third of the Pleistocene middens in my study. They were in a 

scattering of Rampart Cave and side canyon middens ranging in age from 

Stage II to the youngest Stage IV middens. The distribution of 

middens containing crossosoma fossils does not differ discernibly from 

the modern distribution of the species in the Inner Gorge. Its 

occurrence today in woodland would be exceptional.

Brickellia atractyloides Gray (brickell-bush)

This small, much-branched shrub is common in dry side canyons 

in the Grand Canyon today. I have seen it growing in the desert 

communities on the immediate rims of the canyon, but not in the adja

cent woodlands. It has been reported in rare instances from the 

edge of the woodland in the central part of the Grand Canyon.

Brickell-bush leaves have been identified from several middens 

from Desert Almond Canyon and Window Rock Canyon. Although its 

modern distribution is higher than the preceding species, it is not 

a woodland plant and it has not changed perceptibly in its Inner 

Gorge distribution during the last 12,000 years.

Cactaceae (cacti)

Several species of cacti are common in the Inner Gorge today, 

and most range as far as the deserts on the rims. These include 

Echinocactus polycephalus (woolly-headed barrel cactus), Ferocactus 

acanthodes (California barrel cactus), Opuntia basilaris (beavertail 

cactus), Echinocereus engelmannii (Engelmann hedgehog), Opuntia
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acanthocarpa (buckhorn cholla), and Mammillaria microcarpa Engelm. 

(pincushion cactus). Only the last two species among the important 

cacti in the modern flora have not been identified in Pleistocene 

middens.

The two species of barrel cactus may reach into the lower 

pinyon-juniper woodland in some places today. Although both are 

about equally common in the Inner Gorge, Echinocactus is probably 

more common at higher elevations. Echinocactus seeds are found in 

more middens and in all major midden areas throughout the entire 

time period. Ferocactus seeds have not been found in Rampart Cave 

or open site middens and, curiously, have been found in only one of 

the post-10,000 YBP middens. Absence of Ferocactus seeds from a 

midden must be interpreted very cautiously, however, since they are 

present only in very small quantities in the middens where they are 

found.

Opuntia basilaris seeds are present in middens of all ages 

and from all areas. They are most abundant in the Muav Gate midden, 

where a flat area adjacent to the site supports a dense population 

of beavertail cactus. The present elevational range of this species 

is from about 300 m to 3000 m.

Echinocereus seeds are second only to Echinocactus polyceph- 

alus among the cacti in number of Pleistocene middens in which they 

occur. The two are usually found together. Unlike the other cacti, 

I have not been able to identify seeds of fossil Echinocereus to 

species. I cannot distinguish seeds of E. engelmannii, found now
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from the Inner Gorge to the lower rims, from those of E_. triglochi- 

diatus Engelm. (claret-cup), a species not found near Rampart Cave 

but common from the rims to the pinyon-juniper woodland on the Shiv- 

wits Plateau. The two species overlap in the high deserts of the 

rims and upstream in the Inner Gorge, and both could have been 

present in the Canyon in the late Pleistocene.

Cactus spines are usually numerous in fossil packrat middens. 

They are much more difficult to identify to species than seeds and 

I did not include them in counts of fossils in my middens. In no 

instance was a species of cactus identified in a midden solely on the 

basis of presence of spines.

Sphaeralcea ambigua (desert mallow)

Desert mallow is very common today in dry, open areas and on 

rocky slopes in the Inner Gorge. In some areas, especially talus 

slopes and disturbed places, it is particularly abundant. Nearly 

all of my midden sites had Sphaeralcea growing within a short dis

tance. I have not seen the species on the rims, and would not expect 

it to occur in woodlands.

Apparently it was nearly as widespread in the late Pleistocene. 

Sphaeralcea cf. ambigua carpels were found in middens from all areas 

and were often abundant. They occur in every midden from Vulture Can

yon and all except one from Rampart Cave. In Desert Almond Canyon 

and the exposed sites it was apparently nearly as widespread. The 

plants are short-lived and probably undergo short-term fluctuations in
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abundance and distribution which are unrelated to climatic shifts.

Major variations in carpel abundance between middens probably have 

little or no significance.

Ephedra (Mormon tea)

Two species of Ephedra occur in the Inner Gorge, E_. nevadensis, 

the more common, and E_. torreyana Wats. The latter is found as high 

as the lower rims, where it occurs with E\ viridis Coville, a higher 

elevation species reaching well into the woodland and not presently 

found in the Inner Gorge near Rampart Cave. The ranges of Ê. viridis 

and E_. nevadensis evidently do not overlap in the area today, although 

they do in other parts of the Grand Canyon.

Ephedra seeds and twigs are common fossils in middens, and they 

are very difficult to distinguish to species. The most easily observed 

character, number of leaves per node, is not consistently reliable in 

E. nevadensis and E. torreyana, and only a small proportion of the 

twigs in middens have nodes. I have been unable to determine species 

from the seeds. Because of these problems, I have not separated spe

cies of Ephedra fossils recovered from my middens.

The midden record indicates that one or more species of 

Ephedra have been widespread in the Inner Gorge for at least the past 

14,000 years.

Gutierrezia lucida (snakeweed)

A small suffrutescent or shrubby plant with a very wide eleva- 

tional range, snakeweed has been found in all habitats from the bottom
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of the Grand Canyon to the highest sites I have visited at an elevation 

of over 1,900 m on the Shivwits Plateau. It is abundant in some areas, 

and probably has a wider elevational range than any other species in 

the modern flora, except Opuntia basilaris..

Flowering heads of Gutierrezia lucida are present in middens 

from all areas and covering the time period from the beginning of 

Stage II to the youngest midden in the study. Snakeweed heads are 

absent from the oldest midden (Stage I) and are less consistently 

present in the post-10,000 YBP middens, although variations in abun

dance among middens are probably not very meaningful for this species.

Plants Absent from Pleistocene Middens 

There are several species important in the modern flora of the 

Inner Gorge which I have never found in Pleistocene packrat middens. 

Such negative evidence is inevitably ambiguous, and certainly does not 

mean that the species were absent. Some of them are close to their 

upper elevational limits today, however, and it is possible that the 

Pleistocene climate in the Rampart Cave area did not permit them to 

live there.

Fouquieria splendens (ocotillo)

Ocotillo is a dominant plant in the Rampart Cave area today and 

is found at most of my midden sites. It is not found on the rims in 

the lower Grand Canyon, although it reaches that elevation in some 

other parts of its range. In the Grand Canyon, ocotillo extends only 

as far upstream as just above Havasu Creek, about 185 km from Rampart

Cave.
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Ocotillo spines and capsules are collected by packrats when 

they are available, and a large modern midden in the small cave where 

VC 2 was found contained ocotillo spines in quantity. I have never 

found any ocotillo spines, capsules, or twigs in a Pleistocene midden 

from the Rampart Cave area. Its marginal distribution in the Grand 

Canyon and ready incorporation in modern middens when available may 

suggest that it has reached the Grand Canyon only in Holocene times 

and was not present in the area during the Pleistocene. In recent 

years ocotillos near Rampart Cave have been severely damaged by frost.

Larrea tridentata (creosotebush)

Creosotebush is found today in limited areas in the lower part 

of the Grand Canyon, extending upstream to Fern Glen, about 170 km 

from Rampart Cave. Its vertical distribution reaches the rims in the 

Rampart Cave area, where it is of scattered occurrence in the high 

desert community. In the Inner Gorge, creosotebush is most abundant 

in the limited areas of flat topography. It is also found on the 

lower slopes and in side canyons, and is absent only from large seeps 

and very steep areas.

Although Larrea is found today near most of the midden sites, 

its midden occurrence is limited to a trace of questionably identi

fiable material from one site (Vulture Canyon 14). It is gathered 

by packrats when available, and is abundant in Holocene desert pack- 

rat middens (Van Devender 1973). Richard M. Hansen, Colorado State 

University (unpublished) has shown that Larrea grew within foraging 

range of the Shasta ground sloth from Rampart Cave. Small amounts of
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Larrea cuticle are present in several layers of sloth dung, including 

the lowermost level radiocarbon dated at greater than 40,000 YEP. The 

foraging range of the sloths is unknown; it was certainly greater

than that of the packrats, and may have extended as far as the Grand
i

Wash Cliffs. West of there the rolling, low topography is more favor

able for creosotebush than the rugged, rocky slopes of the Grand Canyon 

and I would imagine that, under marginal climatic conditions, Larrea 

would be able to grow outside the cliffs at times when it might not 

occur in the Canyon. Another possibility is that creosotebush was 

confined to the flat areas in the Canyon during the Pleistocene, where 

it was browsed by sloths, and did not occur on the steep slopes and 

in the side canyons within packrat foraging range of my midden sites.

Franseria dumosa (white bursage)

A low elevation shrub common today in the Inner Gorge, white 

bursage is abundant in low elevation Mohave Desert and Lower Colorado 

Valley Sonoran Desert communities. It is one of the most xerophytic 

species in the modern flora of Rampart Cave, ranging upriver about 

250 km to Tapeats Creek.

A trace of white bursage was found in one midden. Vulture 

Canyon 5, of intermediate age and relatively high elevation. There 

is nothing unusual about the site of the midden that would make it 

especially favorable in the Pleistocene for such a xerophytic species. 

It may be contaminant from modern packrat gatherings.

Of all the species in the modern flora, this is the one that 

I would least expect to find living in the Grand Canyon during the
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Pleistocene. Van Devender (1973) did not find it in his Pleistocene 

woodland middens from western and southwestern Arizona, representing 

many areas where it is found today. He did find it, with Larrea, in 

a 10,500 YBP midden from Wellton Hills, a midden which contained no 

woodland species. As with ocotillo and creosotebush, absence from 

the middens does not denote unequivocally absence from the fossil 

flora.

Discussion

The Pleistocene distribution of the preceding species is the 

basis for determining the degree of woodland elevational depression 

in the late Pleistocene and the individualistically expressed dynamics 

of species through time. It is evident from the mixture of woodland 

and desert species that species did not move together. No two species 

exhibit the same temporal or spatial patterns. I am convinced that 

a widespread open juniper woodland dominated the Inner Gorge from 

at least 30,000 until 8,500 years ago with single-leaf ash the most 

common associate, at least after Stage II. The woodland species 

absent from the modern flora of the Inner Gorge show a minimum 

depressional estimate of 1,000 m below their lowermost occurrence on 

the rims today.

The resemblance to modern woodland ends there. The absence 

of pinyon pine from all but two sites, and the apparent common occur

rence of several forest understory species not present in the modern 

rim woodlands is significantly different in itself. Somewhat more
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striking is the apparent more common association of certain high desert 

species with the woodland. However, the most notable difference from 

modern patterns is that fully 50% of the species identified in the 

middens are low desert species for which no discernible changes in 

distribution are evident throughout the late Pleistocene and through 

the Holocene to the present. Many of them are not even found as high 

as the rims today.

Upper and lower boundaries of many species have undoubtedly 

fluctuated during the past 30,000 years. The elevational range of 

midden sites in my study is not great enough to give estimates of 

the position of boundaries through time for most species. Several 

species stand out, however, with the midden record suggesting that 

upper or lower boundaries passed through the study area. The middens 

from Vulture Cave may record a synchronous fluctuation of the lower 

elevational limit of Atriplex confertifolia and the upper elevational 

limit of Fraxinus anomala. These limits were apparently both below 

Vulture Cave in Stage II, when shadscale fruits are abundant in the 

middens and ash fruits and twigs are absent. In Stages III and IV 

the limits were apparently above Vulture Cave; shadscale fruits are 

absent and ash fossils become increasingly abundant in younger middens.

On the other hand, there is strong evidence in the midden 

record that Mortonia scabrella var. utahensis has not changed its 

distribution during the last 12,000 years and perhaps through the 

last 30,000 years. It is growing today near many of the higher eleva

tion sites where Pleistocene middens containing its leaves were



82
collected, and it is absent today from the lower sites where it was 

not in ancient middens. It is not found near Rampart Cave today, nor 

did I find it in any of the Pleistocene middens from the cave. Appar

ently its preference for certain limestone soils and steep, rocky 

cliffs is stronger than any influence of climatic change. There are 

many desert species that have not discemibly changed their distribu

tions through the entire time period, but none are as well defined 

as Mortonia, with an apparently unchanged ecological and elevational 

boundary within the elevational range of the midden sites.

The association of the woodland species confined to the rims 

today with the low desert species from the Inner Gorge is very unusual 

in that area; I have never seen some of them growing together anywhere 

and it is highly doubtful that they would occur together except in 

limited, specialized microhabitats. The fossil record of packrat 

middens in the lower Grand Canyon seems to indicate a climatic regime 

different from any combination prevalent at any elevation in the area 

today, allowing in the late Pleistocene an intermixture of desert and 

woodland species which do not overlap in their distributions today.



RADIOCARBON CHRONOLOGIES OF PLEISTOCENE EVENTS

I have obtained a total of 37 radiocarbon dates on materials 

from packrat middens from the Rampart Cave area. These range in age 

from 8,540+180 YBP (A-1568; VC 12) to 29,810+980 YBP (A-1605; VC 9).

Of these, 26 are between 8,540 and 13,500 YBP and are well distributed 

throughout that period, their standard deviations overlapping in 

most cases. Eleven dates cover the period from 13,500 to 30,000 YBP; 

there are longer gaps at the older end of the period, with a 7,000 

year gap between 23,000 and 30,000 YBP. On the whole the dates are 

remarkably well distributed and allow the development of tentative 

chronologies for late Pleistocene events. The radiocarbon dates are 

listed in Table 1.

Vegetational Chronology for the Grand Canyon 

Based on the plants recovered from packrat middens in the 

Rampart Cave area, I have divided the past 30,000 years into five 

vegetation stages. These must be considered tentative at this time; 

their relationships to other areas and to climatic events are uncer

tain. Nevertheless, the vegetational events appear to be real for 

my study area, and they are based upon changes in plants which I 

feel are reliable indicator species in packrat middens.

Vegetational Stages

Stage I, the earliest, is represented by a single midden from 

Vulture Cave, VC 9, dated at about 30,000 years old. It shows an

83
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interstadial or pre-full-glacial condition with a juniper woodland 

associated with other woodland and desert species, some of which were 

absent during the following full-glacial period, at least at Vulture 

Cave. Among them are Fraxinus anomala, Yucca baccata, and Opuntia 

basilaris. The species present in Stage I are remarkably similar to 

those of the period following the full glacial.

Stage II, the full glacial period, is represented by two 

middens from Rampart Cave and three from Vulture Cave. In Rampart 

Cave, Stage II is clearly delimited by the 15-cm thick packrat layer, 

the large unindurated midden sandwiched between layers of the sloth 

dung deposit and covering a period of 10,000 years, from 24,000 to

14,000 YBP when sloths were absent from the cave. In Vulture Cave 

dates of 22,720, 19,050, and 17,610 YBP show full-glacial vegetation, 

and a midden dated at 13,820 YBP contains a plant assemblage which is 

slightly more xerophytic. Fraxinus anomala, Ephedra, and Encelia are 

absent from the three Stage II middens in Vulture Cave. The first two 

are present in Stage I and all three return in small amounts at 13,820 

YBP.

Stage III lasted from about 14,000 YBP to about 11,000 YBP. 

During this period all of the Stage II woodland species were present 

in at least some middens; Fraxinus anomala and several desert species 

became more common. The period was probably more or less equivalent 

to Stage I. The oldest middens from the north side of the Grand Can

yon date from this time. The end of Stage III is indistinct. Between



10,000 and 12,000 years ago some woodland species declined or dis

appeared as desert species became more numerous in the middens.

Stage IV is the last period showing extralocal vegetation. 

Woodland shrubs were much reduced and most of the modern desert species 

were abundantly represented in the middens. Juniperus and Fraxinus 

anomala are still by far the most abundant species; in several of the 

youngest middens ash exceeds juniper. Ash may have lingered longer in 

the area than juniper; I believe both were gone by about 8,000 YBP.

The predominant aspect of the juniper-ash woodland prevailed until 

at least 8,500 YBP, and the Pleistocene-Holocene transition occurs 

vegetationally when these last woodland species die off, leaving 

the desert species behind.

Stage V begins with the extirpation of the Pleistocene wood

land and the beginning of modern or Holocene vegetation conditions 

in the Inner Gorge. No middens have been studied from the Holocene, 

although they are abundant in the area. Presumably the midden chro

nology could be extended to the present.

Discussion

The earlier stages seem to be in general accord with most 

previous chronologies, or partial chronologies, developed for the 

western United States. The interstadial VC 9 midden, dated at

30,000 YBP, falls between the Pinedale and Bull Lake Glaciations 

in the Rocky Mountains (Richmond 1965). Morrison (1965) places the 

development of Promontory soil along Lake Bonneville in Utah during
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this period. Deposition of the following Bonneville formation began 

about 25,000 years ago. In the Texas High Plains, the Rich Lake Inter 

pluvial 32,000 to 22,000 years ago, and at Tule Springs, Nevada, a 

pre-full-glacial decline in pine pollen is used as evidence for an 

interstadial of relatively mild climate immediately preceding the 

full glacial (Martin and Mehringer 1965, Mehringer 1967). The Farm- 

dalian Interstadial is also placed during this period in Illinois 

(Wright 1971).

Wright (1971) places the full-glacial period from 23,000 to

14.000 years ago along the Atlantic coast, corresponding closely to 

my interpretation. Martin and Mehringer (1965) place the terminal 

date for full-glacial vegetation earlier for the Southwest, at 17,000 

YBP based on pollen records. In the Chuska Mountains Wright et al. 

(1973) show maximum displacement of vegetation occurred between

26.000 and 18,500 YBP.

Pollen sequences in the Southwest have generally lacked the 

full-glacial record, terminating before 20,000 years ago (Martin 

and Mehringer 1965) and leaving a broken record between 20,000 and

12.000 years ago (Martin 1963). This situation has not substantially 

improved in recent years. Although Wright et al. (1973) have full- 

glacial records from Dead Man and Long Lakes in the Chuskas, they 

state that clear separation and dating of stadial and interstadial 

intervals is still not possible.

Following the full glacial a gradual period of climatic ame

lioration resulted in the melting of continental ice sheets and a
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period of warming worldwide. In North America the dating of this 

period varies with latitude, areas to the north recovering later than 

areas south of the limit of glaciation. Fluctuations of ice margins 

and minor climatic events of short duration, complex and difficult 

to correlate even over short distances at the edge of retreating con

tinental glaciation (Wright 1971), are at this time not relatable to 

my chronology for the lower Grand Canyon.

Stage III of the Rampart Cave area packrat sequence is included 

in the missing pluvial period in the pollen record of the Southwest.

In their study of Rampart Cave Nothrotheriops dung, Martin, Sabels, and 

Shutler (1961) concluded that by 12,000 YBP modern vegetation had 

entered the area replacing woodland, and that extinction of the ground 

sloth occurred during a period of essentially modern vegetation. 

Mehringer (1967) concluded that sometime between the period beginning 

before 12,000 YBP and deposition of surface sloth dung about 10,000 

YBP (now believed to be closer to 11,000 YBP) there was a change in 

the local climate and flora from juniper woodland to desert.

This apparent discrepancy in dating the end of Pleistocene 

woodland in the Rampart Cave area probably stems from a lack of appre

ciation of the mixed nature of the woodland. During the entire period 

covered by this study, numerous desert species interspersed the wood

land. The Stage III and Stage IV changes in vegetation involved not 

a replacement of woodland by desert from other areas, but a gradual 

decrease in abundance and number of woodland species and a relative 

increase in importance of desert species, most of which were already
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there. The Juniperus-Fraxinus anomala woodland persisted until the end 

of Stage IV about 8,500 or 8,000 years ago. These species were never 

abundant in sloth dung. The conclusion, based on sloth diet, that wood

land disappeared earlier from the Rampart Cave area may simply reflect 

their preference for browse exclusive of juniper and single-leaf ash.

I believe two points favor the persistence of woodland: (1) packrats

forage much less widely than sloths did, thus sampling a local flora 

only; and (2) the consistent presence of juniper and single-leaf ash 

in so many middens from so many sites seems to me to be strong evi

dence for their widespread occurrence during and long after ground 

sloth extinction.

The late date for displaced woodland vegetation at low eleva

tions in Southwestern deserts has been previously noted for several 

other areas. In fact, the packrat midden record has consistently 

placed the end of woodland vegetation in modern desert areas at 

around 8,000 YBP, and the previous idea that modern deserts were formed 

by 11,000 to 12,000 YBP is no longer accepted (Van Devender in press). 

Wells and Jorgensen (1964) reported a minimum date of 7,800+150 YBP 

(UCLA-560) for woodland in the Mohave Desert of Nevada. Van Devender 

(1973) dated woodland in the Sonoran Desert as late as 7,870+750 YBP 

(A-1284) in the New Water Mountains, Arizona; and in the Chihuahuan 

Desert at 8,150+170 YBP (A-1614; Hueco Mountains, Texas; Van Devender 

1976). Whatever the climatic implications may be, the terminal date 

for woodland communities in the Southwestern deserts is consistently 

younger than traditional dates usually offered for the end of the
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Pleistocene. During at least the last 40,000 years, there has been no 

change in vegetation in the low deserts of the Southwest more obvious 

than the final withdrawal of juniper.

Dating Patterns and Erosion Rates

Two rather different types of sites in Muav limestone yielded 

the packrat middens that I have studied. Most of the dated middens 

(21) were found in small crevices and small rock shelters. While 

these varied widely in their shape, most were shallow and the middens 

in them could be seen from some distance away. The small shelters 

were not sufficiently deep to protect middens from small amounts of 

rain being blown in during occasional storms. On their exposed sur

faces, middens subjected to moisture develop a rough outer rind of 

amberat caused by wetting and drying of the urine cementing the mass 

together. Dust blowing in while the midden is wet builds up a crust 

which aids in the protection of the plant materials contained within. 

The remaining 17 middens were found in Rampart and Vulture Caves, each 

large enough to provide complete protection from rainfall.

The relative length of time each of these types of sites 

persists appears to be a factor in the distribution of radiocarbon 

dates I have obtained on middens. Of the 27 radiocarbon dates younger 

than 13,500 YBP, 21 are from small rock shelters. Of the 11 dates 

older than 13,500 YBP, all were from the two caves, including two

15,000 YBP dates from Vulture Cave on middens which are not included 

here. All of my 21 dates on middens from rock shelters are younger

than 13,500 YBP, while 11 of the 17 dates from caves are older than 
13,500 YBP.
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It appears that there is a direct relationship between the 

size of the cave or shelter and the potential maximum age of middens 

contained therein. In the Rampart Cave area, the rate of weathering 

of the Muav limestone apparently has been such that middens from 

Stage I and Stage II, older than 14,000 years, are not preserved in 

the small rock shelters where the majority of ancient middens were 

found. The oldest rock shelter midden I have studied, 13,400 YBP 

VC 5, has been nearly destroyed by weathering of the site. Larger 

caves provide protection for much greater periods of time. Vulture 

Cave has preserved middens for at least 30,000 years, although it is 

a small cave and shows considerable erosion during that time. At its 

entrance, large blocks of limestone have broken off the cliff pre

cariously exposing the 30,000 year old midden in a narrow crevice, 

now actually outside the cave. Before the fire. Rampart Cave, which 

is considerably larger, showed no signs of weathering of the packrat 

middens contained within and little sign of decomposition of the sloth 

dung dated at greater than 40,000 years.



QUANTITATIVE MIDDEN ANALYSES

I have made preliminary attempts at quantification of packrat 

midden data. The results are certainly not conclusive, either in 

terms of evaluating the methods in relation to midden analysis or in 

assessing whether packrat middens are in fact quantifiable. I think 

there is a potential for quantifying middens, and I have made some 

attempts using methods that have been successful with other types of 

data. Future work in this direction should concentrate on quantifi

cation of materials in active packrat dens compared with the extant 

surrounding vegetation. This is needed before any meaningful rela

tionship can be deduced between fossil middens and extinct fossil 

communities.

Principal Component Analysis

This method has been used previously for paleoecological work 

by Adam (1974) for pollen analyses and by Fritts et al. (1971) and 

Fritts (1974) in dendrochronology. It is a statistical technique for 

describing the interrelationships of a large number of correlated 

variables in terms of a smaller number of uncorrelated variables, thus 

reducing the dimensionality of the problem under study and clarifying 

the patterns present in the data (Adam 1974).

Principal component analysis was run on 27 of my packrat 

middens using 49 plant species. These were middens for which counts
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of all fossils were possible, and it included middens spanning the 

entire time period and from all of the areas. Annual plant species 

were deleted.

Analysis of the patterns shown by the eigenvectors was very 

difficult. Similarly, there was no clear pattern shown when ampli

tude values were plotted for the entire series of middens. However, 

when Rampart Cave and Vulture Cave middens were plotted separately 

there was a clear correlation of amplitude values with the stages of 

the chronology described previously. Rampart Cave middens fell in 

order of decreasing age with decreasing amplitude, with the Stage II 

middens having the largest values (Figure 5). Vulture Cave middens 

were in similar order with the exception of VC 9 (30,000 YBP) which 

fell between VC 6 (17,600 YBP) and VC 8 (13,800 YBP) (Figure 6).

This roughly corresponds to the position of this assemblage repre

senting Stage I conditions milder than the full glacial.

Because of the complexity of the variability involving both 

microhabitat and temporal variations, principal component analysis 

is apparently not valid for comparing a series of middens from 

different sites. However, when single sites are analyzed, reducing 

the environmental variability to climatic change through time, the 

middens are sorted according to vegetation stages. The method will 

be tested further when data are available for the complete series
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of 14 Vulture Cave middens.
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MIDDENS AGE

RC RL
PIT B-F

RC RC

St 35

St 50

AMPLITUDE
Figure 5. Amplitude values for Rampart Cave principal 

component analysis.

MIDDENS AGE

VC 7
VC 10

VC 6
VC 9

vc a

AMPLITUDE

Figure 6. Amplitude values for Vulture Cave principal 
component analysis.
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Index of Similarity

An index taking the form of the number of species common to 

two areas expressed as a percentage of the mean number of species per 

area was used to compare 14 of the middens in this study. This is 

calculated using the formula 100(2c)/(a+b) where â  is the number of 

species in one sample, Id is the number of species in a second sample, 

and £  is the number of species occurring in both samples (Sorensen 

1948, Grieg-Smith 1964). The values range from 0 (no species in 

common) to 100 (identity).

Although there are numerous exceptions, in general the middens 

from the same area of similar age had the highest affinity, while 

those from different areas of different ages had the lowest values. 

Inconsistencies were probably caused by wide disparity in the number 

of species identified in some midden pairs, and by the fact that 

middens are not complete inventories of the species growing in the 

area at the time they were formed. The absence of three or four 

species that predictably might have been present has a considerable 

effect on the index. Unlike the principal component analysis, index 

of similarity tests included ephemeral species. Excluding them 

might have improved the consistency as the annuals were the most 

variable component of the flora.

The results of index of similarity tests summarized in Table 

3 show that the highest index value was between VC 6 and VC 10 (78.9), 

two Stage II middens from Vulture Cave. The lowest index was 22.2, 

between Rampart Cave Stake 45 and Stake 50, from Stage III and Stage



Table 3. Summary of index of similarity tests.

DA, Desert Almond Canyon; MG, Muav Gate; PBFr, Pit B, front; RCRL, Rampart Cave Rat Layer; 
St, stake; VC, Vulture Canyon.

RCRL PBFr St 35 St 45 St 50 VC 12 VC 14 VC 8 VC 6 VC 10 VC 7 VC 9 DA 4 MG 1

RCRL 68.4 48.5 50.0
!

41.4 ! 36.4 33.3 30.8 31.2 44.0 35.3
i

38.7 ! 35.3i
33.3

PBFr 68.4 58.5 44.4 48.6 j 48.8 42.1 59.6 40.0 54.5 42.8 61.5 j 42.8 54.5
St 35 48.5 58.5 58.1 37.5 | | • 44.4 48.5 47.6 34.3 46.2 -48.6 47.0 ,* 37.8 46.2
St 45 50.0 44.4 58.1 22.2 !I 32.2 50.0 48.6 33.3 41.2 37.5 48.3 | 25.0 j 29.4
St 50 41.4 48.6 37.5 22.2 iiI 68.8 41.4 52.6 32.2 34.3 42.4 33.3 ! 42.4 34.3
VC 12 36.4 48.8 44.4 32.2

----------1-
68.8 } 48.5 71.4 62.9 61.5 64.9 64.7 j 59.5 46.2

VC 14 : 33.3 42.1 48.5 50.0 41.4|i 48.5 61.5 50.0 50.0 35.3 38.7 | 52.3
i

38.9
VC 8 30.8 59.6 47.6 48.6 52.6 | 71.4 61.5 53.7 57.8 60.5 65.0 j 46.5 53.3
VC 6 31.2 40.0 34.3 33.3 32.2 j j 62.9 50.0 53.7 78.9 72.2 54.5 j 55.5 42.1

VC 10 44.0 54.5 46.2 41.2 34.3 1 61.5 50.0 57.8 78.9 60.0 59.5 ! 55.0i 47.6

VC 7 35.3 42.8 48.6 37.5 42.4|i 64.9 35.3 60.5 72.2 60.0
l

68.6 ! 47.4
i

45.0
VC 9 38.7 61.5 47.0 48.3 33.3; 64.7 38.7 65.0 54.5 59.5 68.6 j 51.4 54.1

DA 4 35.3 42.8 37.8 25.0 42.4 j 59.5 52.3 46.5 55.5 55.0 47.4 51.4 j 50.0
MG 1 33.3 54.5 46.2 29.4 34.3 |

li
46.2 38.9 53.3 42.1 47.6 45.0 54.1 ! 50.0

ii
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IV. The midden at Stake 45 is somewhat anomalous. It was the only one 

tested which had no index values over 50, and was the only midden to 

have values under 30. One of the most important features of the index 

of similarity test is to identify middens with unusual assemblages 

which may not be immediately apparent through a comparison of species 

lists.

Quantitative Diet Analyses

Packrat diets were studied quantitatively through analysis of 

plant cuticles and pollen in fecal pellets. For samples from Rampart 

Cave, pellets were analyzed individually, providing evidence for a 

single day or less of foraging. Vulture Cave samples were analyzed 

in groups of 20 pellets for each midden. Single pellet data is use

ful for establishing coexistence of plant species; multiple pellet 

samples more closely resemble macrofossil data from the middens.

Cuticle Analysis

Analysis of plant cuticles in packrat fecal pellets from 

middens was carried out by the Composition Analysis Laboratory direct

ed by Richard M. Hansen, Range Science Department, Colorado State 

University. An example of a single-pellet analysis is shown in Table 

4. This was done on materials from the Rampart Cave Pit B Front 

midden, a Stage II midden dated at 16,330+270 YBP. Between three and 

eight genera were identified from each pellet, and a total of 15 

genera of plants were identified from the 20 pellets examined. Eight 

of these genera were present as macrofossils. Twenty-three taxa of



Table 4. Percent relative density of discerned fragments from single packrat fecal pellets from 
Rampart Cave Pit B Front Midden.

Based on 20 fields per sample. Analysis by Composition Analysis Laboratory, Colorado 
State University.

PELLETS

Taxa
A B C D E F G H I J K L M N O P Q R S T

Oryzopsis 7 - 8 49 48 - 9 6 3 3 2 2
Bromus 2
Acacia 1 - - - 46 46 - 8
Allionia
Atriplex 70 7 i 1 3 32 - 26 57 5 - 1 - 6 7 6 67 1 - 2
Brickellia 1
Chrysothamnus
nauseosus 12 - 86 - - 3 - 15 - 5 54 - 1 - 11 - - 1 - 16

Draba 2 - - - 5 - - - - - - - - - - 2 - - 1 -
Eriogonum 1 - 1 - - - - - 1 - - - - - - - - - - -
Juniperus 7 93 - 74 46 - 99 50 1 - 1 1 46 - 3 - 87 97 -
Lepidium 4
Opuntia - • - - - - - - - - i - - - i - - - - - -
Sphaeralcea 2 - 11 24 - 18 i - 31 88 34 49 49 46 62 81 29 6 1 80
Yucca - 1 - - - 1 i 1 1 - - - - 1 - - - 1 - -
Cryptantha i
Arthropod - - 2 - ~ - - - 1 - 3 - * - ii i * 1 - i

* = less than 1% to-j
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macrofossils were identified from the midden. I would expect to find 

more taxa among macrofossils since they include nesting and building 

materials in addition to food items, while pellet analysis documents 

only the diet.

Of the seven genera represented by cuticles and not by macro

fossils, four were not found as macrofossils in any midden; they 

were either herbaceous with poorly preserved parts or genera with 

very small seeds. Two more were herbaceous genera found in only a 

scattering of middens. The only one commonly found as a macrofossil 

in other middens was Acacia greggii, present in the contemporaneous 

Rampart Cave Rat Layer.

The attempt to document Pleistocene coexistence of plant 

species not normally found together today was inconclusive. Cuticles 

identified from single pellets should document species growing 

together more reliably than the macrofossil accumulation. However, 

the cuticles were identified only to the generic level, and all the 

genera identified have some altitudinally wide-ranging species.

The small number of genera in any one pellet indicates that 

few species were eaten at any one time. No one genus was found in 

all pellets examined, but three genera were found in relative densi

ties of 70% or more in at least one pellet. Juniperus made up 100% of 

the cuticles in some pellets from other middens. Presumably the 

differences in pellet contents reflect at least partially the seasonal 

variations in available food supply.
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An example of cuticle analysis combining mixtures of pellets 

from each midden is shown in Table 5. Although there were consistently 

fewer genera identified from cuticles than from macrofossils, some 

of the former were not found as macrofossils in the midden. Some of 

these, such as Artemisia, are important additions to the Pleistocene 

flora of the area. Others, such as Chrysothamnus nauseosus, were 

known from macrofossils from other areas but had not been found pre

viously in Vulture Canyon middens.

Pollen Analyses

Pollen analyses of packrat fecal pellets was carried out by 

Barbara G. Phillips, Museum of Northern Arizona, Flagstaff, Arizona; 

and Kenneth Lee Petersen, Washington State University, Pullman, Wash

ington, both at The University of Arizona at the time the studies 

were conducted.

Single-pellet pollen analyses were run on packrat fecal 

pellets from the Rampart Cave Rat Layer midden. Nineteen taxa were 

identified from four pellets, with the number of taxa per pellet 

varying from 6 to 16. Cheno-am (Chenopodiaceae and Amaranthaceae) 

pollen was abundant in all samples, making up nearly 90% of one sam

ple. This was probably primarily Atriplex confertifolia, which was a 

common macrofossil in the midden. Malvaceae pollen was also very 

abundant, and may indicate that the packrats ate Sphaeralcea flowers. 

Juniper pollen was not identified. The results are shown in Table 6.
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Table 5. Percent relative density of discerned fragments from mass 

packrat fecal samples from packrat middens.

Based on 200 fields per sample. Analysis by Composition 
Analysis Laboratory, Colorado State University.

Taxa
Desert 
Almond 
10 A 6 7

Vulture Canyon 
8 9 10 12

Bromus 0.07 0.09 0.09 - - - -
Oryzopsis
hymenoides - 0.45 - - - - 0.25

Acacia - - 0.18 - - - -
Artemisia - - 0.18 - 1.90 0.26 -
Atriplex 0.20 0.82 3.06 0.60 1.90 0.74 0.58
Cercocarpus 2.21 - - - — - —
Chrysothamnus
nauseosus - - 0.46 0.13 4.40 0.07 2.76
Descurainia - - 0.09 0.13 - 0.33 -
Draba 0.74 - - - - - -
Ephedra 0.20 - - 1.73 - - 1.10
Fraxinus - - - - - - 0.08
Glossopetalon - - - - - 0.20 -
Janusia - - - - - 0.07 -
Juniperus 91.69 93.88 83.56 90.68 58.83 91.31 0.33
Opuntia - 0.27 - 0.13 0.26 - -
Pinus 0.13 - - - - - -
Prosopis - - - - 0.13 0.07 -
Ribes - - - 0.06 - 0.07 -
Sphaeralcea 3.01 3.95 11.18 3.81 28.94 6.88 75.60
Yucca 1.75 0.36 0.83 2.73 3.64 - 19.22
Unknown forb - 0.09 - - - - 0.08



Table 6. Pollen analysis of single packrat fecal pellets from Rampart Cave Rat Layer. 

Analysis by Barbara G. Phillips. N = Number.

PELLETS

Taxa i 2 3 4
N % N % N % N %

Cheno-am 445 89.0 105 52.5 29 14.5 88 44.0
Malvaceae 21 4.2 2 1.0 61 30.5 81 40.5
Onagraceae 23 4.6 1 0.5 5 2.5 2 1.0
High-spine Compositae 3 0.6 6 3.0 50 25.0 28 14.0
Low-spine Compositae — - 3 1.5 9 4.5 28 14.0
Artemisia 7 1.4 65 32.5 3 1.5 — —

Gramineae — - 1 0.5 4 2.0 1 0.5
Nyctaginaceae 1 0.2 - - 3 1.5 - -

Gilia — - 2 1.0 17 8.5 -  . —

Pinus — - 1 0.5 2 1.0 — —

Cruciferae — — 2 1.0 6 3.0 — —

Leguminosae — - 2 1.0 — — — —

Tidestromia — - 1 0.5 — — - —
Plantago — - 1 0.5 - - ' — —

Cichoreae — - - - 2 1.0 - —

Rosaceae - - - - 3 1.5 — —

Opuntia — - - - 1 0.5 - —

Umbelliferae - - - - 2 1.0 — —

Unknown - - 8 4.0 3 1.5 - -

TOTAL 500 100.0 200 100.0 200 100.0 200 100.0

TO
T
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Pollen in packrat pellets originates in two ways: packrats eat

flowers, resulting in direct ingestion of pollen of local species, and 

extralocal pollen of wind-pollinated species falls on plant parts 

which are eaten. Pollen of anemophilous plants may have an extralocal 

origin, unlike macrofossils and cuticles.

Mass sample pollen analysis was run on packrat fecal pellets 

from Desert Almond 10 A, which contained macrofossils of Pinus leaves. 

A total of 28 pollen taxa was identified from the midden, more than 

the total of macrofossils or cuticles. The most abundant pollen types 

were Artemisia, Cheno-ams, Ambrosia-type, other compositae, and 

Juniperus. Pinus was present in small amounts. There was a prepon

derance of anemophilous pollen in the sample, some of which was 

probably extralocal, . with a large number of entomophilous pollen 

types represented in small amounts. Table 7 shows the results of 

this study. Genera such as Sphaeralcea and Yucca, identified by 

cuticle analysis and not found as macrofossils in Desert Almond 10 A, 

were accounted for in the pollen analysis of the pellets. Macrofossil 

analysis of a packrat midden provides neither a complete inventory 

of the ancient flora in a community nor a secure guide to the plants

important in the diet of packrats.
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Table 7. Pollen analysis on a mass sample of packrat fecal pellets 
from Desert Almond 10 A.

Analysis by Kenneth L. Petersen.

Number
Taxa of

Grains

Percent
of
Total

Pinus 8 2.8

Juniperus 24 8.4

Quercus 11 3.9

Salix 1 0.4

Ostrya 1 0.4

Fraxinus 13 4.6

Ambrosia-type 27 9.5

Liguliflorae 1 0.4

Artemisia 43 15.1

Cirsium-type 2 0.7

Other
Compositae 26 9.1

Cheno-ams 32 11.2

Gramineae 3 1.1

Ephedra
torreyana-type 4 1.4

Ephedra
viridis-type 3 1.1

Number
Taxa of

Grains

Percent
of

Total

Symphoricarpo s/
Lonicera 3 1.1

Caryophyllaceae 3 1.1

Onagraceae 2 0.7

Cercocarpus-
type 1 0.4

Rosaceae 8 2.8

Sphaeralcea-
type 3 1.1

Platyopuntia 1 0.4

Phlox 2 0.7

Umbelliferae 5 1.8

Plantago 1 0.4

Ranunculaceae 6 2.1

Cruciferae 10 3.5

Liliaceae 1 0.4

Unknowns 40 14.0

TOTAL 285 99.6



CONCLUSIONS

From 8,500 to at least 30,000 radiocarbon years ago, an open 

juniper woodland dominated the Inner Gorge of the Grand Canyon near 

Rampart Cave. Fraxinus anomala was a co-dominant with juniper in 

side canyons and near Rampart Cave, especially during the period 

beginning about 12,000 years ago. It may have surpassed juniper in 

abundance at the end. Fossils of numerous shrubby species were pres

ent in many of the middens; these species were probably scattered 

throughout the area as an open understory. The woodland species were 

not exclusive occupants of the Inner Gorge. Fully half of the species 

identified from Pleistocene middens are desert species still present 

in the area. Many of them have not changed discernibly in their dis

tribution during the past 30,000 years, while their Pleistocene 

woodland associates now reach their lower elevational limits on the 

Grand Canyon rims 1,000 m above the study area. The association of 

these desert and woodland species is unusual today, and some of them 

commonly associated in the Pleistocene middens are almost never found 

together in the modern flora.

Figures 7 and 8 present the modern aspect of vegetation below 

Rampart Cave and my concept of how the slopes appeared 15,000 years 

ago.

The open woodland aspect probably dominated the Inner Gorge 

in late Pleistocene times, giving the slopes an appearance very
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Figure 7. Modern vegetation below Rampart Cave. Drawn by 
Pamela Scott Lunge.
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Figure 7. Modern vegetation below Rampart Cave. Drawn by 
Pamela Scott Lunge.



Figure 8. Vegetation below Rampart Cave 15,000 years ago. 
Drawn by Pamela Scott Lunge.
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Figure 8. Vegetation below Rampart Cave 15,000 years ago 
Drawn by Pamela Scott Lunge.



107
similar to the open pinyon-juniper woodland on the rims at the base 

of the Upper Grand Wash Cliffs. The desert shrubs and succulents 

provided an understory unlike the associated woodland shrubs of today; 

however, in terms of the general appearance the effect was probably 

similar. Plant density was perhaps greater in the side canyons, as 

was the number of species.

Woodland species prevailed during the full glacial. After 

about 14,000 YBP some woodland species dropped out and desert species 

began to increase until they predominated, at least in terms of num

bers of species, at the end of the period. Several desert species 

dominating the modern community are absent from middens showing 

displaced vegetation. These include ocotillo, creosotebush, and 

white bursage. Juniper and/or single-leaf ash remained numerically 

predominant in the middens to the end. While many of the smaller 

woodland species dropped out earlier and desert species increased, 

juniper and single-leaf ash, widespread and visually predominant, 

provided a woodland aspect to the area until at least 8,500 YBP.

No younger middens yielding juniper, ash, or other displaced species 

have been found.

Climatic Implications

Climatic inferences are difficult to draw in an area as com

plex as the Grand Canyon, an inverse mountain whose present climate 

is poorly known. Precipitation falling in the Inner Gorge is largely 

spillover from winter snowstorms and summer thunderstorms occurring
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on the rims. Temperature relations are complex, with intense summer 

heating but surprising cold and occasional freezing in winter.

A few generalizations about the Pleistocene climate can be 

made from the plant species found in the middens. Woodland species 

present in the Inner Gorge certainly indicate wetter Pleistocene con

ditions and probably cooler summers. The presence of desert species 

not or rarely found in the woodlands on the rims today suggests mild 

temperatures in winter, perhaps only slightly colder than today. The 

distribution of annual species which are strongly associated with a 

single rainy season indicates that in the Pleistocene, as today, the 

balance was strongly in favor of winter rainfall and that summer 

rains have been scanty and unreliable in the lower Grand Canyon for 

at least the past 30,000 years.

The packrat midden record suggests that a climate capable of 

supporting woodland vegetation at low elevations prevailed in north

western Arizona until about 8,000 years ago. A warming and drying 

trend began about 14,000 years ago and continued throughout the period, 

but it was a gradual change. Between 8,500 and 8,000 years ago wood

land vegetation was extirpated from low elevations when conditions 

became too hot and/or dry. It seems likely that climatic change 

accelerated somewhat at that time. Direct evidence indicating the 

sequence of vegetation change events and the exact time is lacking, 

but middens which would document that period are undoubtedly there

for the finding.
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Overviews and Afterthoughts

One large packrat midden in Rampart Cave was a starting point 

for a study that led me to every rock shelter and sometimes rock shadow 

in the area, and led me through an incredible 20,000 years of dynamic 

plant geography.

I have often been surprised at what I found. Perhaps the most 

unexpected finding was the mixture of desert and woodland species 

growing together throughout the last glacial advance. I had not antic

ipated finding so many desert species growing in the late Pleistocene 

woodland of the Grand Canyon.

I was also surprised to find woodland species lingering so long 

in the Grand Canyon. Previous work at Rampart Cave had suggested that 

the woodland was gone and the desert prevailed as early as 12,000 

years ago. The value of fossil rat middens as an independent source 

of paleo-information was clear.

Little did I expect to find so many middens when I embarked 

upon this study. I believe that I have shown that by analyzing a 

large number of middens from a small area it is possible to add sev

eral dimensions to packrat analysis. It also generates many 

unanswered questions which might never come up if just one or two 

middens are studied from an area. Microhabitat differences show up 

in a series from closely spaced sites, and regional vegetation can be 

reconstructed by taking an overview of the middens from the area.

Anomalous middens, differing from the general pattern, can at least 

be identified, if not explained.



.110
I believe the development of a chronology of vegetation changes 

is feasible using packrat middens. The chronology presented here is 

perhaps the single most important contribution to come from this study. 

The idea needs to be tested and refined; there is perhaps as much 

intuition as hard science in deciding whether differences are meaning

ful, and which species show trends and which do not. The development 

of a chronology depends heavily on a long and well-spaced time series 

of middens. Finding such a series depends upon perseverence and luck. 

The middens from the two caves have been invaluable in this endeavor.

There are several things I have not found that I had expected. 

The absence of pinyon pine from nearly all sites was a surprise, and I 

still cannot offer a satisfactory explanation. Undoubtedly an impor

tant factor is the contrast in topography between the rim, where 

pinyon and juniper occur together today, and the Inner Gorge, where 

they did not occur together in the Pleistocene.

I thought I would find evidence that Vulture Canyon or Desert 

Almond Canyon had permanently available water in the Pleistocene, 

perhaps similar to the stream at Columbine Falls today. Apparently 

they did not. It was a profound surprise to find my most mesophytic 

species, velvet ash, in my lowest, most exposed site. It turned out 

to be the only site with reliably available water in the Pleistocene.

My quantitative studies were at best inconclusive. It is 

likely that packrat biases and the complex nature of ancient middens 

preclude the possibility of quantification. It awaits a thorough 

study of modern packrat dens.
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Packrat midden analysis is still in a developmental stage as 

a paleoecological method. Future investigations should include a 

close look at packrat behavior and species differences in relation 

to modern den contents. Further single-site analyses, such as at 

Vulture Cave, and studies of middens dating from the terminal period 

of displaced vegetation will aid in the refinement of the technique.



APPENDIX A

\

MACROFOSSILS RECOVERED FROM 

LOWER GRAND CANYON PACKRAT MIDDENS
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Relative abundance of plants recovered from Pleistocene packrat 
middens: 1 = Abundant; 2 = Very common; 3 = Common; 4 =
Occasional; 5 = Rare; X = Present.
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Rampart Cave
Pit B

Species Rat Pit B Left Stake Stake Stake Roof
Layer Front Wall 0+35 45 0+50 Crack

Acacia greggii 1 - - - 1 - -
Agave utahensis - 1 - - - 1 -
Allionia incarnate - - - - - - -
Amsinckia intermedia - - - - - - -
Amsonia eastwoodiana - - - - - - -
Anemone tuberose - - - - - - -
Argemone sp. - - 2 - - 3 -
Astragalus nuttallianus - — - - - - -
Atriplex canescens - - 1 1 2 - -
Atriplex confertifolia 3 4 4 2 3 - 3
Boerhavia coulter! - - - - - - -
Brickellia atractyloides - - - - - - -
Brickellia longifolia 1 1 - 4 1 - -
Caucalis microcarpa - - - 1 - - -
Cercocarpus intricatus - - - - - - -
Chrysothamnus sp. 2 3 1 - - - -
Cirsium sp. 3 3 1 1 - 1 -
Coleogyne ramosissima - - - - - - -

Crossosoma bigelovii - - - - - 2 1
Cryptantha virginensis - - - - - -
Draba sp. - - - - - - -
Echinocactus polycephalus - 2 - - - - -
Echinocereus sp. - 2 2 - - - -
Encelia farinosa - 2 1 3 - - -
Ephedra spp. - - - 1 - 3 2
Fallugia paradoxa - 1 - - - 1 -
Ferocactus acanthodes - - - - - - -
Franseria confertiflora - • - - - - - -

Franseria dumosa - - - - - - -
Fraxinus anomala 3 4 4 5 4 5 3
Fraxinus Pennsylvaniaa
var. velutina - - - - - - -

Galium sp. - - - - 1 - -

Gutierrezia lucida 1 1 - 1 - - -

Hedeoma sp. - - - - - - -

Juniperus sp. 5 5 5 4 5 5 5
Larrea tridentata — — — _ —
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Rampart Cave
Pit B

Species Ray Pit B Left Stake Stake Stake Roof
Layer Front Wall 0+35 45 0+50 Crack

Lepidium sp. - 2 - 3 2 - -
Lycium andersonii 4 - - - - - -
Mentzelia sp. - - - 2 - - -
Mortonia scabrella

var. utahensis - - - - - - -
Nolina microcarpa - - - - - 4 -
Oenothera cavernae - - - - - - -
Opuntia basilaris - 2 2 - 1 - 1
Opuntia echinocarpa - - - 1 - - -
Opuntia erinacea - - - - - - -
Opuntia whipplei - - - 1 1 — —
Ostrya knowltonii - - - — — — —
Penstemon eatonii 1 4 - - - 2 -
Phacelia crenulata - - - - - - -
Phoradendron californicum - - - - - - -
Pinus edulis - - - - - - -
Pinus monophylla 1 - - - - - -
Prosopis juliflora
var. velutina - - - - - — —

Prunus fasciculata 1 1 - - - - -
Rhamnus betulaefolia - 1 3 - - - 1
Rhus trilobata - - - - - - -
Ribes montigenum 1 2 - - - - -
Salvia dorrii 3 3 2 3 - 2 -
Sphaeralcea sp. 1 2 2 1 1 3 -
Symphoricarpos sp. 2 1 1 1 3 — 3
Thamnosma montana - - - — — — -
Thysanocarpus amplectens - - - - - - -
Vitis arizonicus - - - - 2 - -
Yucca baccata - 3 3 - - 1 -
Yucca brevifolia - 1 — 3 - — —
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Vulture Canyon
Species 1 2 3 4 5 6 7 8 9 10 11 12 14"

Acacia greggii
Agave utahensis - - - - 4 1 - 2 -
Allionia incarnata - - - 2 - - - - -
Amsinckia intermedia - - - - - - - 1 -
Amsonia eastwoodiana - - 1 2 - 1 1 2 2
Anemone tuberosa - - - - - - - - -
Argemone sp. - - - 1 - - 1 1 -
Astragalus nuttallianus - - - - - - - - -
Atriplex canescens - - - - - - - - -
Atriplex confertifolia 3 - 3 - 2 4 4 4 4
Boerhavia coulter! - - - - - - - - -
Brickellia atractyloides - - - - - - - - -
Brickellia longifolia - - 1 - - - - - -
Caucalis microcarpa - - - - - - - - -
Cercocarpus intricatus - - - - - - - - -
Chrysothamnus sp.
Cirsium sp. 2 - - 2 1 - 1 1 3
Coleogyne ramosissima 1 - - 1 2 3 1 - -
Crossosoma bigelovii - - 1 - - 1 - 1 -
Cryptantha virginensis - - - - 1 1 2 - -
Draba sp. - - - - - - - - -
Echinocactus polycephalus 1 1 - 1 1 1 3 1 3  
Echinocereus sp. - 1 - 1 1 1 2 1 1
Encelia farinosa 2 - 2 2 3 - 1 3 2
Ephedra spp. 1 3 - 4 2 - - 3 -
Fallugia paradoxa - - - - - - - - -
Ferocactus acanthodes - - 1 1 1 1 - - -
Franseria confertiflora - - - - - - - - -
Franseria dumosa
Fraxinus anomala - 3 4 3 1 - 1 2 5
Fraxinus pennsylvanica
var. velutina - - - - - - - - -

Galium sp. - - - - - - - 1 -
Gutierrezia lucida - 2 - 1 3 1 - - -
Hedeoma sp. - - - - - - - - -
Juniperus sp. 5 5 5 5 5 5 5 5 5
Larrea tridentata - - - - - - - - -
Lepidium sp. 1 1 2 3 - - - 1 -

1 1 3  1

1 3  1 -

—  —  1  —

4 2 - 3
1  —  —  —

2
-  -  -  1
-  2 -  -

2 1 3 -
2 —  —  -

1 - 2 3

1 -  2 -

l - 2 -
—  1  —  —

1 - 3 1

1

- 4 5 4

1 -  -  1
-  -  1  -

5 5 4 5
-  -  1 

-  -  -  11
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_____________Vulture Canyon______________
Species 1 2 3 4 5 6 7 8 9 10 11 12 14

Lycium andersonii 
Mentzelia sp. 
Mortonia scabrella

var. utahensis 2 3 - 1 1 - 2 -
Nolina microcarpa - - - - - - 1 - - - - - -
Oenothera cavernae -
Opuntia basilaris 1 1 2 1 3 - 2
Opuntia echinocarpa
Opuntia erinacea —
Opuntia whipplei 3 4 1 3 i 1 1 1 1 1 1 i 1
Ostrya knowltonii - - - - - - - 1 - - - — 2
Penstemon eatonii -
Phacelia crenulata -
Phoradendron californicum - 1 - -
Physalis sp. - 2 - 3 3 1 2 1 - - - 2 1
Pinus edulis -
Pinus monophylla -
Prosopis juliflora 
var. velutina —

Prunus fasciculata 2 - 2
Rhamnus betulaefolia - - - - - - - - 2 - - - -
Rhus trilobata - - - - - - - - 1 - - - -
Ribes montigenum 1 1 - -
Salvia dorrii i 1 2 - 1 - - - - - - 3 -
Sphaeralcea sp. 4 1 2 2 1 2 2 1 3 4 3 1 -
Symphoricarpos sp. 1 - 1 - 1 3 3 3 2 3 3 1 4
Thamnosma montana
Thysanocarpus amplectens
Vitis arizonicus - - - - - - - 1 - - - - -
Yucca baccata l' - 2 - 1 - - 1 3 - 1 4 -

Yucca brevifolia
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Needle-
eye Muav Window

Ice
berg
Can

Species Desert Almond Canyon Gate Rock yon
1 2 3 4 5 6 7 8 9  10 1 1 1 2 ‘ 1

Acacia greggii 3
Agave utahensis 
Allionia incarnate. -
Amsinckia intermedia -
Amsonia eastwoodiana 
Anemone tuberosa -
Argemone sp. 1
Astragalus nuttallianus -
Atriplex canescens -
Atriplex confertifolia -
Boerhavia coulter! -
Brickellia atractyloides -
Brickellia longifolia 
Caucalis microcarpa 
Cercocarpus intricatus -
Chrysothamnus sp. -
Cirsium sp. -
Coleogyne ramosissima -
Crossosoma bigelovii 
Cryptantha virginensis . - 
Draba sp.

— — — 3 1 1 2  — 1 1
— 2 1  — 3 1  — 5 — 1

— — 1 1  — — 2 1  2 3

— — — 2 2 1 — 3 — 1

Echinocactus polycephalusl 
Echinocereus sp. 1

2
3

Encelia farinosa 
Ephedra spp.
Fallugia paradoxa 
Ferocactus acanthodes 1 
Franseria confertiflora - 
Franseria dumosa -
Fraxinus anomala 
Fraxinus pennsylvanica 
var. velutina 

Galium sp.
Gutierrezia lucida 
Hedeoma 
Juniperus sp.
Larrea tridentata 
Lepidium sp.

4 4 4 4 3 5 4 1 1  -

2 5 5 5 4 5 2 4 5 5

2

2

- X

1 - 
1 - 
1 -

5 X 

1 X

2
5

1
1

- 1 —

: :1 : 1 X -

_ — - X —

- 2 2 - — — -
- 2 - i — — -
— — 2 2 1 X -
1 1 - 3 1 X 1
1 - 2 1 X

2 - 1 1 X
2
3

— — 1 3 - X -
— — 2 2 2 X -
4 1 4

2
4 5 X 3

1 - 5
-

1 - 3

1
3

- X
1 1 1 - X 3
- 1 - - — — -
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Species Desert Almond

Needle-
eye
Canyon

1 2 3 4 5 6 7 8 9  10 1

Muav Window 
Gate Rock 
1 1 2

Ice
berg
Can
yon
1

Lycium andersonii 
Mentzelia sp. 
Mortonia scabrella 
var. utahensis 

Nolina microcarpa 
Oenothera cavernae 
Opuntia basilaris 
Opuntia echinocarpa 
Opuntia erinacea 
Opuntia whipplei 
Ostrya knowltonii 
Penstemon eatonii 
Phacelia crenulata

1
5

1 4 
4 5

4 4 
- 5

4 4 
3 5

2
1

Phoradendron californicum —  - -
Physalis sp.
Pinus edulis 
Pinus monophylla 
Prosopis juliflora 
var. velutina 

Prunus fasciculata 
Rhamnus betulaefolia 
Rhus trilobata 
Ribes montigenum 
Salvia dorrii 
Sphaeralcea sp. 
Symphoricarpos sp. 
Thamnosma montana 
Thysanocarpus amplectens- 
Vitis arizonicus 
Yucca baccata 
Yucca brevifolia

3 3 1 -

- 1 
1 - 
1 1 
4 3

1 - 
1 3

4 4 - 1 

- 1

1 ----
—  —  1 1

2 2 
- 1 
1 2

3 1 
- 1

3 3 
2 -  

1 -

1 3 
1 - 
1 -

1 2 
1 4

1 - 1 2 1 —  —  —  —

— — — 3 1 4 2  — 3 — —

- 1 
- 3
4 -
3 -

1 - 

- 4

- 1
2 -

1  —  1 1  —  1  —  —  —

- 1

1 -

- X 
1 - X

1  -  -  

4 1 - 2

—  —  —  1
2 3 X -

I X

3 2 X 1

3 4 X

2 1 -

—  —  —  1
1 3 X

- X 1

-  1 -  1
— — X —
1 I X
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