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ABSTRACT

A stratified deposit of fossil fecal pellets dating "between 

2500 and 35,000 BP was obtained from Stanton's Cave in the Grand 

Canyon, A pollen diagram from the cave earth showed that one major 

climatic change, which has been interpreted as conditions changing from 

cool or moist to hot or dry in this interval. The fecal pellets contain 

variable pollen and abundant plant matter, I examined the plant epi

dermal fragments for a dietary analysis and reconstruction of fossil 

plant communities.

From localities accessible to animals using the cave, 200 ref

erence plants were collected. From the fecal pellets, 53 vascular 

plants, 18 of them grasses, were identified. These plants are similar 

to the ones growing near the cave, particularly at Vaseys Paradise, an 

ever-flowing spring. The spring and its luxuriant flora probably at

tracted the animals to Stanton's Cave. No plants were identified that 

could be interpreted as cooler or wetter elements.

Fecal pellets averaging 0.22 gra are found throughout the 98 cm 

deposit and are assigned to Ovis canadensis. Larger pellets averaging 

0,50 gm are only found below 20 cm, and are assigned to extinct Oreamnos 

harringtoni. Living mountain goats are boreal in range. It is not 

currently known what the climatic affinities of extinct mountain goat 
were,

vii



CHAPTER 1 

INTRODUCTION

Stanton's Cave is at km 50•5 from Lees Perry along the Colorado 

River in the Marble Canyon of the Grand Canyon in Arizona, 36o30' 

latitude N, 111°50' longitude W (Figures 1 and 2). It opens at 43 m 

above the present level of the Colorado River at an elevation of 970 m 

and is 122 m long, Stanton's is one of 32 caves in the Redwall lime

stone along the 83 km Marble Canyon (Bestick, 1967). A lush environment 

created by an ever-flowing spring named Vaseys Paradise (Figure 3) is 

found .3 km from the cave, Vaseys is comprised of three springs which 

follow joints and bedding planes issuing at km 50*5» 51*0 and 54.9 

(Reilly, 1967; Huntoon, 19?0). Stanton's is a dried-up spring, later 

enlarged by collapse of the ceiling and decomposition of the limestone 

walls (Lange, 1956). Discharge from Vaseys is greatest in the spring 

after the snow on the rim melts (Huntoon, 1968),

The earliest human visitors entered the cave 4000 years ago 

(Euler, 1967). They deposited on the floor of the cave, as well as in 

crannies, more than 120 figurines which depict an animal, probably big

horn sheep. The figurines, made of split twigs of Salix sp., are some

times ritually pierced by tiny sticks (to insure good hunting?). Some 

have fecal pellets interwoven into the body (Figure 4; Euler, 1967). 

Euler was unsuccessful in searching for diagnostic artifacts, but be

lieves that the early occupants belonged to the Pinto Complex (McNutt 
and Euler, 1966),

1



UT A H
ARIZONA

Lok. !

'km 162 Oe">0fwl Cieek

Glen Con yon Doml

Figure 1. Location of the study area, Stanton’s Cave, 
Grand Canyon, Arizona.

Figure 2. The entrance to Stanton's Cave, Grand Canyon, 
Arizona,



Figure 3. Lower Vaseys Paradise 
Grand Canyon, Arizona.

Figure 4. A split-twig figurine found on 
the surface of Stanton's Cave, Grand Canyon, 
Arizona.

Photograph courtesy of Paul V. Long, Jr., 
Prescott College, Prescott, Arizona.
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Pewe (1968) summarizes history of the cave and its associated 

springs. Major John Wesley Powell wrote of the area in I869. He named 

the spring Vaseys Paradise after the botanist of an earlier expedition. 

Robert Brewster Stanton, surveying the Grand Canyon for a water-level 

railway, led two expeditions down the Colorado River in I889 and I89O. 

After three drownings, the first expedition terminated in the vicinity 

of the cave where the gear was cached. They climbed out to the rim 

through South Canyon, one of the few routes in Marble Canyon from water- 

level to the rim. The footpath they followed was left by prehistoric 

visitors to the cave (Reilly, 1966),

In search of the prehistoric record, Euler led a field excavation 

party to Stanton's Cave in June-July of 1969 and September of,1970, Split 

twig figurines and packrat nests were removed from the surface. Two 

trenches were dug until contact with bedrock was made at 98 cm. The total 

contents were recovered and carefully dry screened through l/4 inch mesh, 

window screen, and then recorded. The most common fossil removed from 

the screen were the fecal pellets, Interspersed within the trenches were 

bones of amphibians, reptiles, birds and mammals.

Near the base of the trenches, below 65 cm, a driftwood deposit 

was found, Ferguson (l9?l) radiocarbon dated Cereis occidentalis and 
Pinus edulis from this deposit at >3^,000 BP,

Martin (19?0) took a pollen profile in the cave earth which shows 

a very noticeable change from high Artemisia to high Chenopodiaceae- 

Amaranthaceae (Cheno-Ams) about 12,000 years BP, The change from 

Compositae to Cheno-Ams is discussed by Martin (1963), who recognizes
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that Compositae signify wetter conditions, and Cheno-Ams a warmer 

and/or drier climate. .

At Rampart Cave (km 4.42) Laudermilk and Munz (1938) were able 

to demonstrate, by use of epidermal fragments and pollen, a sloth diet 

composed of Mohave Desert plants found in that same area today. Martin, 

Sabels, and Shutler (1961) studied the pollen record from the same cave, 

and were able to interpret three zones: a warm-dry interval from the 

surface to 11,500 years ago; a cool-moist interval from 12,000 to 
35,000; and a warm-dry interval after 35,000 years ago,

Wilson (1942) reported the following vertebrates found in 

Rampart Cave: Gopherus agassizii, Sauromalus, Aves, Nothrotherium 

shastense. Marmota flaviventris cf. engelhardti, Lepus of. californicus, 

Bassariscus astutus, Fells concolor ?, Lynx sp,, Oreamnos harringtoni, 

and Equus sp, Wilson concluded that a cooler climate was in evidence 

based on the occurrence of Nothrotherium (with a shaggy coat) and Marmota 

(of boreal affinity). Harington (l9?l) has discussed the possible migra

tion routes through which Oreamnos harringtoni became a species separate 

from 0. americanus: moving south because of the expanding ice sheet, 

becoming isolated in higher cooler areas as the climate grew warmer.

An interpretation and explanation of the recent pollen rain of 

the Grand Canyon (Sigleo, 1971) shows an over-representation of wind- 
transported pollen; Pinus, Juniperus. and Quercus. Cheno-Ams and low- 
spine Compositae, fluctuating in abundance along river level, relate to 
community changes. The river-level desert community has a high frequency 

of Ephedra pollen, Artemisia pollen percentages are low throughout the
canyon.
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Packrats (Neotoma) and "bats (species unknown) now inhabit 

Stanton's Cave. Bighorn sheep have been sighted at km 96,5, the junc

tion of the Colorado River and the Little Colorado River since 

Dellenbaugh in 1904, The most recent sighting near Stanton's Cave was 

August 8, 1970, 3*2 km from the cave (on the opposite rim), although 

park naturalists believe some of the bighorn sightings are of stray 

Navajo sheep (Neil Guse, Jr., personal communication),

The use of fossil feces for an interpretation of past climate 

and food habits of extinct animals in the southwest was initiated by 

Eames (1930) and Laudermilk and Munz (1934). Pleistocene sloth 

(Nothrotherium shastense) dung was examined from Aden Crater, New Mexico 

(Eames, 1930)» Gypsum Cave, Nevada (Laudermilk and Munz, 1934), and from 

Rampart and Muav Caves, Arizona (Laudermilk and Munz, 1938: Martin, 

et al,, 1961), Packrat (Neotoma) fecal pellets and other constituents 

of fossil nests were studied by Wells and Jorgensen (1964), Wells (1966), 

and Wells and Berger (1967) in the Chihuahuan and Mojave Deserts.

Keizer and Napton (1969) studied pollen and parasites in human feces at 

Lovelock Cave, Nevada, Van Devender and King (1971) examined packrat 

feces in middens of Pleistocene age from the Artillary Mountains,

Arizona.

Bogs and lakes, which usually contain the best records of past 

organisms, are notably scarce in arid regions, Pleistocene history of 

the vegetation of the Grand Canyon can be sought in its caves, either in 

the form of pollen in cave earth and fecal pellets, in plant epidermal 

remains in fecal pellets, or in macrofossils in rat middens (Martin, 
1963).
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When range management investigators study the diet of animals 

they either follow the animal in the field, or feed it a known diet.

Then they examine the contents of the fistulated rumen (Marker, Torell, 

and Van Dyne, 1964) or the epidermal fragments in the fecal pellets 

(Zyznar and Urness, 1969s Stewart and Stewart, 1970), Along with their 

data is the knowledge of the food habits of the animal whose pellets are 
being examined.

The use of epidermal characters for the identification of fossil 

plants is well embedded in the history of paleobotany, Remy (1953) 

gave epidermal proof that the Permian genera Callipteris conferta 

(leaves), Gimmia unilatera (seeds), and Thuringia callipteroides (male 

fructifications) belong to the same plant species. Pleistocene plants 

were identified by their epidermal fragments in sloth dung from Rampart 

Gave (km 442 from Lees Ferry on the Colorado River) in the Grand Canyon 

by Laudermilk and Munz (1938). They were able to identify fourteen 

genera of plants that grew near the cave and were eaten by the ground 

sloth,' Nothrotherium shastense. From the present distribution of the 

plants, they interpreted that the climate in the Grand Canyon has not 

changed since the beginning of the Pleistocene, However, the pollen 

record (Martin, et al,, 1961) and the animal assemblage (Wilson, 1942) 

attest that the climate was either wetter, colder, or both.

Of the portion of a plant which survives the digestive process, 

only the outer layers have taxonomic value (Metcalfe and Chalk, 1950). 

The outermost layers, which represent the cuticle, are impregnated with 

various waxy compounds (Martin and Juniper, 1970). These act as a cast 

of the epidermal layer beneath. The outer epidermis contains cells and
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structures "by which plants can he identified to the family, tribe, genus, 

or species level (Metcalfe and Chalk, 1950)• In general, dicotyledon 

leaves, stems, and flowers have cells which are round, polygonal, or 

jigsaw shaped. Monocotyledons, the grasses in particular, have long 

rectangular cells, parallel to the organ on which they grow. Mono

cotyledons are more easily identified: grasses have characteristic 

silica bodies, and agaves and yuccas have a thick epidermis, distinctive 

whether modem or fossil. Dicotyledons range from difficult to vir

tually impossible to characterize, particularly when dealing with fossil 

material. Annuals usually do not survive maceration or masticulation. 

Storr (1961) attributes this fact to the lack of a deep protective 

cuticle in annuals.

Despite the difficulties with identification, several authors 

have presented keys of epidermal characteristics for regional floras. 

This is possible because intraspecific variations are minor compared to 

interspecific variations (Metcalfe, i960). Croker (1959), Stewart 

(1965), and Schrumpf (1968) have made adequate keys for many species of 

grasses, Schrumpf (1968) also made a key of forbs and shrubs of Eastern 

Oregon.

The purpose of this research was to attempt identification of 

epidermal fragments of the plants preserved in ancient fecal pellets 

from Stanton*s Cave; and identify which animals were the source of the 

pellets. Hopefully, the end result is the interpretation of the chang

ing environments near Stanton*s Cave during the last 35,000 years.



CHAPTER 2

MATERIALS AND METHODS

The group of scientists, led by R. Euler in 1969 and 1970, 

collected bones of mammals, birds, amphibians and reptiles. The mam

mal bones have been tentatively identified in letters to Paul S, Martin 

by C, E. Ray, S, J, Olsen, and J. E, Guilday as: bighorn sheep (Ovis 

canadensis), extinct mountain goat (Oreamnos harringtoni), camel, horse, 

and possibly another artiodactyl (Bison?).

A plan and cross section of the cave and a stratigraphic cross 

section of the east trench are shown in Figure 5* The surface of the 

cave is covered with rock rubble and cave soil.

A listing of radiocarbon dates measured by Austin Long of the 

Isotope Dating Laboratory, University of Arizona, are given in Table 1 

and a depth on age regression line of these dates is plotted along with 

their correlation coefficient (Figure 6).

The pollen profile of Martin (unpublished data) is copied in 

Figure 7« The profile was taken in the east trench in the section 

labeled GG in Figure 5»

In stratigraphic test trench 1 (a one-meter square section ad

joining section GG to the north), 4664 artiodactyl pellets were removed 

from 50,000 cc of cave earth by Euler's field crew. The distribution 

per'level is shown in Table 2 (A), About half of the pellets were found 

at 20-30 cm in depth. Most pellets below 40 cm were broken. Comparison 

of morphological data (length, width and weight) (Figure 8) and weight •

9
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^Lim estone slabs’̂ 
and bedrock

ft Rocks

STRATIGRAPHIC TEST PIT 1

GROUND PLAN
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^ ______  *  -^C[ay'layers^
l Logs \% """-S ilt layervvzwz/ i :___i,___Limestone slabs 
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STRATIGRAPHIC SECTION 
OF EAST TRENCH

Figure 5« Internal details of Stanton's Cave, Grand Canyon, 
Arizona,

Courtesy of Robert C. Euler,
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•Figure 6, Radiocarbon ages versus depth of fecal pellets and drift
wood from Stanton’s Cave, Grand Canyon, Arizona.

Samples dated at the University of Arizona Isotope Dating Laboratory. 
AII65 to A1168 Ovls canadensis-type pellets from stratigraphic 
test pit 1. A H 32 Orcamnos harrinretoni-type pellets and A1133 Ovis 
canadensis-type pellets from Grid GG. AIO56 cave driftwood from 
Grid 0-19, west trench.
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Table 1. 
Canyon, Arizona.

Radiocarbon dates from Stanton's Cave, Grand

Samples dated at University of Arizona Isotope Dating 
Laboratory,

Isotope Dating 
Lab Number

Date
Measured (B.P.) Location and Comments

AIO56 * >35,000 Driftwood at base of section 
below 65 cm; stratigraphic 
test pit, east trench

A1082 13,070 + 470 20-25 cm; Grid AA

A1132 13,770 + 500 Large fecal pellets; 20-25 cm 
Grid GG

A1133 sample lost Small fecal pellets; 20-25 cm 
Grid GG

A1154 * 10,760 + 200 Small fecal pellets ( ,25 g);
20-25 cm; stratigraphic test pit 1

A1155 * 10,870 + 200 Large fecal pellets ( .5 g);
20-25 cm; stratigraphic test pit 1

A H 65 * 2450 + 80 5-10 cm; stratigraphic test pit 1

A1166 * 5760 + 200 15-20 cm; stratigraphic test pit 1

A H 67 * 12,980 + 200 25-30 cm; stratigraphic test pit 1

A1168 * 15 to 20 k 35-40 cm; only one count and then 
sample lost

AH84 1500 + Pinus edulis driftwood on surface 
in back of cave

A1238 15,230 + 240 Teratornis bone
A1246 55-80 cm; dating in progress

4000 Split twig figurines; the wood 
could be older driftwood

* data used in Figure 6
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Table 2. Summary of data from fecal pellets removed from 

Stanton’s Cave, Grand Canyon, Arizona.

(A) (B) (C)
Number of Number of pellets Number of species of

Depth 
in cm

pellets removed from 
meter trench

analyzed for epi
dermal fragments

plants identified 
in fecal pellets

0-5 153 5 41

5-10 242 3' 37
10-15 153 3 24

15-20 711 5 23

20-25 1114 3 23
25-30E 897
25-30W 441 6 36

30-35 450 3 35
35-40 205 5 34

40-45 121 (33 whole) 3 35
45-50 44 (19 whole) 5 25

50-55 71 (7 whole) 3 18

55-60 53 (5 whole) 3 17
60-65 9 (2 whole) J L 9
Total 4664 52
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□  iST SUM, N = 2 0 0 2ND SUM VVfTHOUT 
PINUS, N = 2 0 0

Figure 7« Pollen profile of cave earth, Stanton*s Cave, Grand 
Canyon, Arizona.

Unpublished data of Paul S, Martin, Profile from Grid GG.



WEIGHT
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Orearrmos harrinqtoni 
Oreamnos americonus 
Odocoileus hemionus

r~ri~t___(44 0 )
_____ _____________ (341)
-J±l_ (94)
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GRAMS or CENTIMETERS

•Figure 8. Graphic analysis and comparison of weight, length, and width of fecal pellets of 
Oreamnos harringtoni, Ovis canadensis, Odocoileus hemionus, and the pellets removed from 
Stanton's Cave, Arizona,

Horizontal line indicates the range, vertical line the mean, open bar the standard deviation, 
and solid bar twice the standard error of the mean. (Method of Hubbs and Hubbs, 1953).
Number in parentheses indicates sample size. MUx



distribution data (measured by Betty Pink) (Figure 9) with the pellets 

of known animals (Figure 10) suggests the existence of two.species of 

artiodactyls, A photograph (Figure 11) shows actual fecal pellets of 

the animals I will be discussing.

Reference Collection

The selection of species for reference material was made for 

various reasons. Plants growing near Stanton’s Gave and Vaseys Para

dise were of primary interest and were collected by Martha H. Ames in 

September, 1970, But because sheep or goats are expected to have 

climbed down to the cave from the rim, a collection of plants was 

necessary from the rim of the Kaibab Plateau above the cave at an eleva

tion of 1586 m, and along the path from the rim leading to the cave.

Very few plants grow along the path; it is steep and, in places, vertical. 

Only plants that can hold on in "windowbox" communities could be seen, 

such as Ephedra, Agave, Opuntia and some grasses. A plant collection 

was needed from the 1525 to 1980 m elevation also, to test if there has 

indeed been a 900 m drop in elevation of plant communities (Wells and 

Jorgensen, 1964; Wells, 1966; Wells and Berger, 196?; Martin, 1963).

The closest comparable locality on the rim, the springs in Kane Canyon 

at 1620 to 1890 m elevation, was visited for a collection, A highway 

transect was also included, from 1560 to i860 m, from Houserock,

Arizona to the beginning of the pine community along Arizona Highway 89 

to Jacob Lake, Arizona. These three collections were made by Frances M, 

Bartos and myself in August, 1971• Another set of plants was added to

16
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Figure 9. Artiodactyl fecal pellet weight dictribution with depth, 
Stanton’s Cave, Grand Canyon, Arizona,
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Figure 10. Weight distribution of fecal pellets of Odocoileus 
hemionus, Oreamnos americanus, Ovis canadensis and Oreamnos 
harringtoni.

Samples collected as follows: Odocoileus hemionus. Grand Canyon
localities, June 1970, February, June, August 1971, March 1972: 
Tiboron Is., Sonora, November 1971: Tucson, Arizona, August, 
September 1971: Flagstaff, Arizona, August 1971: Willcox, Arizona, 
December 1969. Oreamnos americanus, Mt. Wardle, Kootenay National 
Park, Canada, June 1971. Ovis canadensis, lake Mead, Arizona,
June to August 1970. Oreamnos harringtoni, Rampart Cave, Arizona,
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the list for a reference collection; these were plants growing at 

Roaring Spring along the Kaibab Trail at 1525 m.

The plants‘chosen for the reference collection are shown in 

Table 3« Nomenclature follows Kearney and Peebles (i960). While I 

did not find it helpful to construct a key of the major characters of 

each species, Appendix A lists the most useful family characteristics.

Reference Slide Preparation

A reference collection of plant epidermis was necessary for com

parison with unknown epidermal fragments in the fecal pellets. There 

are three methods for preparation of fresh material and herbarium 

mounts; scraping, maceration, and replication.

Scraping involves softening the leaf, stem, or flower in hot 
water, placing it carefully on a glass slide* and scraping with a scal

pel from the opposite epidermis, ending at the surface needed. Great 

care must be taken to get even a few epidermal cells to show through.

Most plants tear apart, and some disintegrate completely. Davies 

(1959)# Metcalfe (i960), and Prat (1948) used scraping exclusively.

Replication involves preparing a plastic peel by painting clear 

fingernail polish on the desired surface, and peeling the replica of the 

outer epidermis off the plant (Schrumpf, 1968). Cell walls are diffi

cult to see using replication, and any wrinkles on the cuticle or 

epidermis appear on the slide mount.

Maceration involves boiling the plant in strong acid and filter

ing the residue. In this study, two maceration techniques were employed. 

The first uses equal parts of chromic and nitric acids (Jeffrey’s



Tattle 3. Plants growing within the study area compared to 
plants identified in the fossil fecal pellets from Stanton's Cave, 
Grand Canyon, Arizona.

Status: Int = introduced: Gro = growing there but not in reference 
collection: Lok = plants looked for and not found; Pos = plants 
possibly in pellets, but confidence in identification is low.

A, Stanton's Cave - Vaseys Paradise locality

‘ Plants not identified in pellets

Genera

Agrostis sp,
A, semiverticillata 
Aristida sp,
Bouteloua aristidoides 
Elymus glaucus 
Juncus baiticus
J. tracyi 
Abronia sp.
Allionia sp.
Aloysia (Lippia) wrightii 
Aquilegia desertorum 
Artemisia ludoviciana 
Baccharis glutinosa
B, sergiloides 
Brickellia sp.
Castilleja linaraefolia 
Celtis reticulata 
Cercis occidentalis 
Chrysothamnus sp,
Dalea fremontii-johnsoni 
Dyssodia pentachaeta 
Echinocactus polycephalus 
Echinocereus sp.
Epilobium adenocaulon 
Epipactis gigantea 
Erigeron utahensis 
Euphorbia sp.
Ferocactus acanthodes 
Gutierrezia sp,
Juniperus osteosperma 
Langloisia setosissima 
Lepidium cf, medium 
L. montanum 
Lyciura andersonii 
Lygodesmia exigua 
Maurandya antirrhiniflora

Edaphic
Status Significance

Pos moist
Int
Pos dry
Lok dry
Lok moist
Int
Lok wet
Lok washes
Gro
Pos dry
Lok
Lok dry
Gro watercourses
Pos
Pos
Lok
Pos streams
Pos
Pos dry
Lok
Pos dry
Pos desert
Gro
Lok moist
Lok moist
Lok dry
Pos
Pos
Pos dry
Lok
Pos washes
Lok
Lok
Lok
Pos
Lok
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Table 3* Plants of study area and in fossil fecal pellets (Continued),

A, Stanton's Cave - Vaseys Paradise locality.

Genera •Status
Edaphic
Significance

Mirabilis oxybaphoides Lok 
Nicotiana trigonophylla Lok 
Oenothera multijuga Pos 
Opuntia basilaris _ Pos 
0. whipplei Gro 
Pellaea jonesii Lok 
Petrophytum caespitosum Lok 
Phacelia sp, Lok 
Polygonum coccineum Pos 
Ranunculus sp, Lok 
Rhus radicans Lok
R. trilobata Pos 
Rorippa nasturtium-aquaticum Int 
Salix exigua Lok
S. gooddingii Lok 
Shepherdia rotundifolia Lok 
Solidago petraderia Gro 
Stanleya pinnata Lok 
Stephanomeria sp, Pos 
Streptanthella longirostris Lok 
Stylocline micropoides Lok 
Tamarix pentandra Int 
Thamnosma raontana Lok 
Trifolium sp, Gro

washes
washes

dry
ponds

wet

dry
some dry

moist

Plants identified in -pellets

Presence of Plant with
Edaphic Depth from Surface (cm)

Genera
Signif
icance

0— 5—10—15—20—25—30**35— ■̂0-4-5—50—55-^0* 
5 10 15 20 25 30 35 40 45 50 55 60 65

Agropyron sp; 
Aristida sp, 
(glauca) dry

+ + + + + + + + + + + +

+ + + + + + + + + + + +
Bouteloua sp, 
(gracilis) dry + +

Carex sp.
(curatorum) 

Eleocharis sp. wet
+ +

+
Equisetum sp. moist + +
Panicum sp, 
(huachucae) 

Phragmites sp, 
(communis) moist

+ + + + + + + + + + + +

+ + + + + + + +
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Table 3. Plants of study area and in fossil fecal pellets (Continued) 

, A, Stanton*s Cave - Vaseys Paradise locality (Continued)

Presence of Plant with
Edaphic Depth from Surface (cm)

Genera
Signif
icance

0- 5-10-15-20-25-30-35-40-45-50-55-60- 
5 10 15 20 25 30 35 40 45 50 55 60 65

Stipa sp. (arida) dry + + + + + + +
Adiantum sp,
(capillus-veneris) 

Agave sp. 
(utahensis)

moist

+

+ +

+ + + + + + + + +
Aplopappus sp.
(spinulosus) 

Aster sp. (status) dry +
+

+ + +
Astragalus sp. 
Coldenia sp, dry +

+ + + + +
+ + + + + +

Coldenia or 
Cryptantha sp. 

Cryptantha sp. 
(barbigera) desert +

+ + + + + + 

+ + + + + +
Datura sp.
(meteloides) 

Ephedra sp. 
(torreyana) dry

+

+ + + + +
Eriogonura sp. 
(inflatum) dry + + +

Fallugia sp, 
(paradoxa) 

Hedeoma sp.
(diffusum) 

Laphamia sp. 
(congests) dry

+ +

+ +

+ + + + +
Mentzelia sp, 
Mimulus sp. 
(cardinalis)

washes

streams +

+ + + 

+ + + + + +
Prunus sp. 
(fasciculata) dry + + + + + + + + + +

Solidago sp. 
Sphaeralcea sp.

some dry
+

+
+ + + + + + + +

Tragia sp.
Urtica sp. (serra) 
Yucca sp, 
(angustissima)

+
+

+ + + + + + *



Table 3* Plants of study area and in fossil fecal pellets (Continued).
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B. Rim above and along path to Stanton*s Cave,
Plants not identified in pellets

Edaphic
Genera Status Significance

Dactylis glomerata Int
Muhlenbergia sp. Lok
Abronia nana Lok
Aster cf, arenosus Lok dry
Atriplex canescens Lok
A, cf. confertifolia Lok dry
Cercocarpus intricatus Pos
Chrysothamnus sp. Pos
C, viscidiflorus Lok
Coldenia hispidissima Pos dry
Condalia lycioides Lok dry
Ephedra viridis Lok xerophytic
Eriogonum howellii Lok dry
E. wrightii Lok
Hedeoma drummondii Lok
Senecio longilobus Lok
Sphaeralcea parvifolia Lok
Symphoricarpos oreophilus Lok

Plants identified in pellets

Presence of Plant with
Edaphic Depth from Surface (cm)
Signif- 0— 5-i0-i5-20-25-30-35-40-45-50-55-6a

Genera icance 5 10 15 20 25 30 35 40 45 50 55 60 65
Bouteloua sp, dry
Oryzopsis sp,
(cf, hymenoides) dry

+ + + + + +

+
Tridens sp. • 
(pulchellus) + + + + + + + +

Artemisia sp, 
(tridentata) + + + + + + + + +

Atriplex sp. 
Eriogonum sp.

+ + + + +
(deflexum) dry + +

Galium sp. + + + + + + +
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Table 3. Plants of study area and in fossil fecal pellets (Continued). 

C, Kane Canyon

Plants not identified in pellets

Edaphic
Genera Status Significance
Brickellia of. grandiflora Lok
Chrysothamnus nauseosus Lok
Cirsium sp. Lok
Convolvulus sp, Pos dry
Erigeron concinnus Lok dry
Eurotia lanata Pos dry
Gutierrezia lucida Lok dry
Lactuca sp. Lok
Mammillaria arizonica Lok
Psilostrophe sparsiflora Pos
Quercus gambelii Lok
Robina neomexicana Pos
Thelypodium wrightii Lok
Thlaspi sp. Lok

Plants identified in pellets

Presence of Plant with
Edaphic Depth from Surface (cm)
Signif- o- 5-10-15-20-25-30-35-40-45-50-55-60-

Genera icance 5 10 15 20 25 30 35 40 45 50 55 60 65

Amelanchier sp.
(utahensis) 

Arenaria sp, 
(fendleri) 

Berberis sp.
(repens) 

Chenopodium sp. 
Chrysopsis sp.
(of. hispida) 

Clematis sp.
(ligusticifolia) 

Lesquerella sp.
(arizonica) 

Yucca sp, 
(baccata)

+
+ +

+

streams + +



Table 3« Plants of study area and in fossil fecal pellets (Continued).
D, Jacob Lake to Houserock

Plants not identified in pellets

Edaphic
Genera Status Significance

Hilaria jamesil Lok dry
Amaranthus graecizans Pos washes
Argemone sp. Lok
Artemisia dracunculoides Lok
Aster hirtifolius Lok dry
Atriplex powellii Lok
Franseria acanthicarpa Pos
Gaillardia pinnatifida Lok
Grindelia squarrosa Lok
Helianthus petiolaris Lok
Oenothera pallida Lok
Penstemon ambiguus Lok
Physalis fendleri Pos
Pinus edulis Lok
Sidalcea neomexicana Pos wet
Thelesperma subnudum Lok
Tragopogon sp. Int
Verbena sp. Lok

Plants identified in pellets

Presence of Plant with
Edaphic Depth from Surface (cm)
Signif- 0- 5-10-15-•20-25-30-35-40-45-50-55-60.

Genera icance 5 10 15 20 25 30 35 40 45 50 55 60 65
Aristida sp.
(longiseta) + + + + + + + +

Enneapogon sp.
(desvauxii)' + + + + + + + + + +

Lycurus sp.
(phleoides) dry + + + + + + + + + + + +

Sporobolus sp, some dry + + + + + + + + + + + +



Table 3* Plants of study area and in fossil fecal pellets (Continued), 

E, Others

Plants not identified in -pellets

27

Edaphic
Genera Status Significance

Andropogon sp, Pos
Broraus sp. Pos
Festuca sp. Pos
Acacia greggii Lok washes
Acer negundo Lok streams
Chenopodium fremontii Lok
Fraxinus anomala Pos
Lycium pallidum Lok
Perezia wrightii Lok
Populus fremontii Lok streams
Quercus turbinella Lok
Salix laevigata Lok streams
Swertia radiata Lok
Vitis arizonica Lok
Yucca whipplei Lok

Plants identified in -pellets

Edaphic
Presence of Plant with 
Death from Surface (era)

Genera
Signif
icance

o- 5-10-15-20-25-30-35-40-45-50-55-60- 
5 10 15 20 25 30 35 40 45 50 55 60 65

Gramineae X 
Schedonnardus sp.
(paniculatus) 

Sporobolus sp.
(texanus) 

Atriplex sp.
(jonesii) 

Phoradendron sp. 
Unknown grasses 
Unknown other 
Ringal spores

dry

+ + + + + + + + + + +

+ + + + + + +

+ + + + + + + + +

+ + +

+ + + + + + + + 
+ + + + + + + + + + + + +
+ + +
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solution) as described by Storr (1961) and Stewart (1965). A few pieces 

of a leaf (or stem) are cut into one centimeter squares and boiled for 

three to five minutes in 5 ml each of 5 percent dichromic and nitric 

acids in a 250 ml beaker in a fume hood. This procedure bleaches the 

chlorophyll and separates the cuticle, epidermis, and inner layers from 

each other. Then the beaker is filled with tap water and decanted twice, 

in order to wash out the orange chromic color. The fragments are then 

stored in small vials in formal acetic acid (FAA or AFA, 85 parts 70 

percent ethyl alcohol, 10 parts 40 percent formalin, and 5 parts glacial 

acetic acid).

The plant fragment is stained by holding it with forceps in basic 

fuchin stain (dissolved in 50 percent ethyl alcohol) in a watchglass for 

one to two minutes. Then it is dehydrated through an ethyl alcohol to 

xylene series in the following proportions: 50 percent alcohol (1-2 

minutes), 75 percent alcohol (l-2 minutes), 95 percent alcohol (1-2 

minutes), xylene (1-2 minutes). The plant fragment is then placed on a 

drop of xylene on a glass slide, and flattened with teasing needles 

while viewed under a binocular microscope. When the xylene dries, a few 

drops of Permount (a permanent mounting medium made by Van Waters and 

Rogers) are placed over the fragment and a cover slip affixed. Then the 

reference slides are dried for three days, being held flat with a clothes 
pin.

This method is time consuming, so I tried a modified version of 

the method outlined by Hansen (1971), which became the method of treat

ment for the remainder of the reference collection preparation. Two
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solutions of chloral hydrate Cl^CCH (OH)^ are prepared. This must 

"be done within the fume hood, since it forms an anesthetic. Hertwig's 

solution (a clearing agent) is made from 240 gm chloral hydrate crystals, 

19cc IN HOI (37 percent), and 60cc glycerin. The glycerin and hydro

chloric acid are combined, then the chloral hydrate is added and stirred 

until the crystals dissolve. This procedure is facilitated by heating 

on a hot plate. The formula says to agitate the mixture with a blender, 

but the blender becomes coated with a sticky, water soluble, residue,
r

Next, Hoyer's solution (a mounting medium) is made: 200 gm 

chloral hydrate crystals, 50 cc water, 20 cc glycerin, and 30 gm photo- 

purified gum arable. The glycerin and water are combined, the chloral 

hydrate is added, and the mixture is stirred until the crystals dissolve. 

The" solution is then warmed and, while stirring, the gum arable is added. 

After a consistent solution is produced it must be put aside until the 

solution clears.

Plant material (usually the leaves) and boiling water are 

placed in a blender (with a metal or Pyrex cup) with just enough water 

to cover the blades. The plants- are macerated, but must be watched as 

they will be useless if shred too finely. Usually two minutes was 

adequate maceration time. The mixture is filtered and the plant resi

due is placed in a small vial along with sufficient water to keep it 
from drying out.

To make slides, a little of the ground plant material is placed 

on one end of a glass microscope slide and 3-4 drops of Hertwig's solu

tion is added. Most of the solution can be boiled off over an alcohol 

lamp if one is careful not to char the sample by overheating. Then add
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4-5 drops of Hoyor*s solution and mix the plant fragments in it and 
spread them over an area as big as the cover slip. The cover slip is 
affixed gently and the preparation is heated over the alcohol lamp.
When the Hoyer's solution begins to boil, a cold wet sponge is run across 

the bottom of the slide, drawing off the air bubbles. The slide is 

cured on a hot plate at 55°0 for three days.
During several points in the preparation I tried to add dif

ferent stains, but none were successful, I added basic fuchin stain 

(in water and in alcohol) as soon as the plants came out of the blender,

I added safrinin and crystal violet before Herwig's solution.

Preparing Fecal Material

The method used for preparation of fecal pellets was that of 

Storr (1961) and Stewart (1967), In the study of modern animal pellets, 

several pellets are often combined in a sample. Since I could not be 

sure that the fossil pellets were chronologically contemporaneous, I 

treated each pellet separately. Half of each was saved for pollen 

analysis.

Each pellet was soaked in water until it disaggregated (usually 

a few hours), the supernatant was poured off, and to the residue was 

added 10 ml of concentrated HNO^ in a 125 ml beaker. This mixture was 

heated for 2-3 minutes in a boiling water bath. Then 200 ml of water 

was added, and the mixture stirred while boiling 2-3 minutes over a 

Bunsen burner. The supernatant was decanted and the remainder stored 

in a small vial in equal parts FAA and 30 percent aqueous glycerin. At
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this point "basic fuchin in alcohol was added and some of the epidermal 

fragments took the stain,

Hansen's (1971) method was tried, "but not until most of the 

pellets had already been prepared. This method consists of soaking the 

pellets until they disintegrate, pouring off the liquid, and adding the 

fragments to a slide, and then running the preparation through the 

Hertwig-Hoyer solutions,

Slides of the unknown epidermal cells recovered from the fecal 

pellets were prepared in the following manner: two drops of glycerol, 

two drops of unknown, and two drops of stain (safranin in alcohol) were 

blended together and a cover slide laid gently over the mixture. Then 

a paper towel was held along the edge of the cover slide to draw off as 

much liquid as possible. Finally, clear nailpolish was painted along 

the edges of the cover slide (drying between applications).

Glycerin is an acceptable mounting medium. Water and Canada 

balsam are too close to the refractive index of silica, and the silica 

bodies in the grasses may be missed (Stewart, 1965).

Slides were scanned in four horizontal rows and eight vertical

rows.

Photomicrography

The Zeiss photomicroscope with pan-achromatic and apochromatic 

objectives, along with Kodak Panatomic-X black and white, fine-grained 

film was used to take the voucher photographs in Appendix B, A check

list of procedures was copied from Schrumpf (1968) in order to standard' 
ize the quality of the photographs. The steps are: (l) select area of



slide to photograph; (2) select desired magnification} (3) focus image 

on camera, and adjust the light intensity} (4) establish Kohler illumi

nation for that magnification} (5) record all pertinent data (subject, 

position on slide, voltage reading on transformer, filter and objective, 

exposure time, film holder number)} and (6) expose the film.

The same procedure was used with the epidermal fragments identi

fied in the fecal pellets. The bulk of the cells that were never 

identified were too fragmental to define. Pictures of some unknowns 

are at the end of Appendix B.

32



CHAPTER 3

RESULTS AND DISCUSSION

Sheep and mountain goats nibble a great variety of the plants 

that grow in an area. Good controls were possible in this work because 

the cave is in a restricted locality, limiting the animals that can 

reach it.

The results of this work are tabulated in Table 3* a listing of 

the plants to be expected and all epidermal fragments identified. The 

table is divided into several parts: A, plants collected at the Stanton's 

Cave-Vaseys Paradise locality; B, plants growing on the rim above and 

along the path to the cave; C. plants collected at Kane Springs; D, plants 

growing from Houserock to Jacob Lake; and E, other plants looked at that 

could possibly grow in the vicinity but have not been collected.

In the first column of each part of Table 3 is a list of the 

plant taxa growing at the locality listed. Only in Table 3A is this list 

complete. The other parts are partial lists; species in addition to 

those in Table 3A. In each list, the plants are identified to the species 

level. However, in the sections labelled "Plants Identified in the Fecal 

Pellets" the species growing at that locality is in parentheses. This is 

to imply that the species of the late- and post-Pleistocene are probably 

the same as those growing there today, but has yet to be proved.

The plants identified in the pellets, no doubt, are biased to

ward those more easily identified. Grasses are easiest to identify

33
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"because of characteristic silica bodies. Plants with thin cuticles, 

particularly annuals, tend to be under-represented because the cell 

walls do not withstand digestion (Storr, 1961). Some of the "unknowns" 

on the last page of Table 3 could be annuals that survive the digestive 

process but were not in the reference collection because they were not 

growing at the time it was made by P, S. Martin (May-September, between 

1969 and 1971). Some annual species from Vaseys Paradise not identified 

in the pellets are: Nicotlana trigonophylla and Eriogonum wrightii. On 

the other hand, other annuals were identified: Bouteloua simplex,

Amaranthus acanthicarpa, Eriogonum deflexum, Eriogonum inflatum, and 

Langloisia setosissima. Of the riparian species, which also have thin 

cuticular formation, six were identified in the fecal pellets.

At the offset of this work, it was hoped that a few plants 

would be eaten in such abundance that it would be possible to name them 

staples in the diet. Seven plants, five of them grasses, are identified 

in 80 percent of the section: Agropyron sp,, Aristida sp,, Enneapogon sp., 

Lycurus sp,, Panicum sp,, Agave sp,, and Prunus sp. But a staple that 

changes with time is not seen in the data. Perhaps quantitative methods 

could be modified from Hansen (1971) that would direct attention to the 

important fraction of the animal*s diet. Applying quantitative methods 

is, however, beyond the scope of this study.

Plants that were collected at Kane Canyon and identified in the 

fecal pellets are: Arenaria, Chrysopsis cf. hispida, and Yucca baccata. 

Yucca baccata grows along the rim, and Chryopsis hispida could quite 

possibly be growing at the Stanton's Cave locality. Arenaria sp. could 

be A, macradenia, which grows on dry rocky slopes and ledges starting at
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6lO m (Kearney and Peebles, i960). Any other species of Arenaria would 

be an indicator of higher elevation.

Using the 20 cm mark as a dividing line, 5 identified species 

occur exclusively in the interval from 0-20 cm, and 4 exclusively in 

the interval from 20-65 cm. All nine species presently grow within 19 

km of Stanton's Cave. Three of the five species in the 0-20 cm inter

val are edaphic indicators for dry conditions. The five species in the 

0-20 cm interval are: Oryzonsis sp,, Amalanchier sp,, and Atriplex sp,, 

Datura sp, and Berberis. In the 2O-65 cm interval, one species,

Eleocharis sp., is an edaphic indicator for moist conditions. The other 

plants found exclusively in the 20-65 cm interval are: Yucca sp,, 

Chrysopsis sp,, and Phoradendron sp.

Of the 52 pellets examined, 30 percent contained plants of 

riparian habitat - plants growing at Vaseys or at river level. No pellet 

contained only riparian taxa,

tfy identifications of the fecal pellets as having been left by 

Ovls canadensis and Oreamnos harringtoni are based on the following 

information. According to Murie (195*0, the animals with fecal pellets 

of similar morphology to the fossil ones are deer, elk, bighorn sheep, 

and mountain goat. Deer and elk are not expected to have come to the 

cave: they could not have climbed down the steep slopes into South Canyon, 

Deer reach the river at Nankoweap (km 85.3) and move upstream on terraces 

and by swimming across the river. To reach Stanton's Cave from water 

level, they would have had to swim upstream for many miles (p, S, Martin, 

personal communication), Deer have been sighted at km 71, Buck Farm
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Canyon. Deer tracks have "been seen at km 66 on the North rim, and 

km 63 on the South rim (Neil Guse, Jr., personal communication).

From the rim, there are several routes by which the Colorado 

River can he reached in a 3^ km radius of Stanton's Cave: km 31 Rider 

Canyon, km 40 down North Canyon to Cave Spring Rapids, km 49 at the 

fault ravine, km 51 down South Canyon to Vaseys Paradise, km 71 Buck 

Farm Canyon, km 76 down Saddle Canyon with ropes (across a landslide, 

which suggests the route may have been open at some time), and km 85.3 

Nankoweap (Harvey Buchart, personal communication).

Figure 8 depicts the morphological measurements of Ovis,

Oreamnos. Odocolleus, and the artlodactyls in the Stanton's Cave profile. 

The smallest weight of Oreamnos harringtoni pellets (taken in conjunc

tion with bones from Rampart Cave) does not overlap the largest weight, 

of Ovis canadensis pellets (collected at Lake Mead, Arizona, June-August, 

1970). Variation in Oreamnos harringtoni is large as would be expected. 

from a population that included juveniles and young, as well as mature 

animals. There is no significant difference in weights between Ovis 

and Odocolleus,

The linear measurements of length and width contain much over

lap with large variation.

The mean weight of Ovis canadensis is 0.25 gm, and of Oreamnos 

harringtoni is 0,59 gm. In the fossil populations, the small pellets 

(0-20 cm) have a mean weight of 0,22 gm, and the large pellets (20-95) 

have a mean weight of 0.50 gm. In the 20-95 cm section, both animals 

are present. In order to obtain this plot of the larger pellets, I 

separated out those that were obviously Ovis.



In Figure 10, all weights are plotted on histograms for each 

5 cm of the section, A bimodality below 20 cm is evident. The vertical 

lines depict the mean weight of Ovis canadensis and Oreamnos harringtoni. 

Most of the pellets below 50 cm are broken. Whole pellets would shift 

the histogram to the right,

Fecal pellets of Oreamnos americanus are much smaller than both 

extinct mountain goat and desert bighorn sheep (see Figure 11). This 

phenomenon is puzzling in view of the fact that 0, harringtoni was only 

two-thirds the size of 0, americanus (Harington, 1971).

It was hoped that some test other than morphological differences 

could be found. Hairs, which are found in modern fecal pellets either 

by being ingested when an animal licks itself or when it nibbles a bush 

it has rubbed against, were never found. A chemical test was not devised: 

fatty acids vaporize in the drying out process. Endoparasites in two 

different species would be expected to be different, but none could be 

found (L, W. Dewhirst, personal communication). Enrichment broth, blood 

plates, and anaerobic cultures were run by Robert J, Trautman and the 

only organism that gave a positive test was Bacillis sp., an organism of 

soils. Fungal spores found in some of the pellets could be ingested by 

any animal or could be post-depositional,

The pH varies in animals because of physiological differences 

and differences in diet (Howard, 1967). Howard measured pH in mule deer 

(mean pH 6,0?, range 5.60-6.38) and pronghorn (mean pH 7.61, range 6.6l- 

8.14) in pellets up to six months old. He concluded that the variation 

in pH between pellets of the same animal is large because of weathering 

and bacterial action. Exposure to the atmosphere would change any
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material towards a lower pH (Austin Long, personal communication),

Cook and Alstrom (1969) measured a pH range of desert bighorn from 

6,6-7.1. On the fossil material, I measured a pH of 7*69 on a big 

pellet and 7*32 on a small pellet.

Behavioral differences copld aid in the identification of the 

animals. Desert bighorn is known to inhabit a bedding place for a 

long, time, leaving a pile of dung behind (Murie, 195*01 and mountain 

goats seek shelter in caves to escape bad weather, the heat of day, 

and to give birth (Swift, 1949),

If the larger fecal pellets do prove to be those of Oreamnos 

harrlngtoni, then Table 4 may be taken to interpret what that extinct 

goat ingested during.the.Pleistocene. It ate proportionally more 

grasses and less Prunus than Ovis canadensis. Nine of the plants are 

edaphic indicators for a dry habitat.

Fifty-two pellets were analyzed for epidermal fragments. Their 

distribution with depth is shown in Table 2 (B). While the fecal pellets 

are generally in an excellent state of preservation, a phenomenon par

ticularly true of the arid Southwest in general, certain variations may 

be seen. In general, the older the pellet, the greater the calcareous 

coating. The older the pellet, the less that can be identified in it.

The older the pellet, the more disassociated the epidermal fragments, 

until the very oldest, where only plants with very thick epidermal/cuticu- 

lar walls, such as Agave and Yucca, can be identified at all. Pellets 

identified as Oreamnos harringtoni from Rampart Cave contain epidermal 

fragments that appear similar to those from Stanton’s Cave, There is
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Table 4. The diet of Oreamnos Harrington1 (?).

Genera

Edaphic
Signif
icance

Presence of Plant with 
Depth from Surface (cm)
20-25-30-35-40-45-50-55-60- 
25 30 35 40 45 50 55 60 65

Agropyron sp.
Aristida sp, (longiseta) 
Bouteloua sp. dry
Enneapogon sp. 
(desvauxii)

Panicum sp. (huachucae) 
Schedonnardus sp. 
(paniculatus)

Sporobolus sp,
(cf. cryptandrus) dry

Stipa sp, (arida) dry
Tridens sp, 
(pulchellus)

Graraineae X 
Unknown grasses 
Agave sp. (utahensis) 
Artemisia sp, 
(tridentata)

Atriplex sp.
Goldenia sp. dry
Coldenia-Cryptantha sp. dry
Cryptantha sp. desert
Ephedra sp, 
(torreyana) xerophytic

Eriogonum sp. dry/washes
Fallugia sp. (paradoxa) 
Lesquerella sp, 
Mentzelia sp. washes
Mimulus sp. streams
Prunus sp. (fasciculate) dry
Sphaeralcea sp. 
Yucca sp, 
(angustissima) 

Unknown other 
Fungal spores

+ + + + +
+ +

+
+
+ +

+
+ +
+ + + +

+ + + +
+ + +

+ +
4* _+ +

+ + + +4. +
4 + + +

+ + 
4-4-4

4 
4 

4
4 

4
4 4

4
4 4 4 4
4 4 4 4

4 4 4 4 4
4

Plants possibly in pellets but confidence in identification is lows 
, Festuca sp., Aloysia wrightii, Astragalus sp,, Chrysothamnus sp., 
Dyssodia pentachaeta, Lygodesmia exigua.
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no difference in size or type of epidermal fragment and some of the 

species appear familiar.

The nature of differential preservation of plant fragments in 

pellets is evident in the list of numbers of species identified by depth 

in Table 2 (c). The average amount of species identified per pellet is 

eight, ranging from one species in two pellets to 25 species in one 
pellet, A histogram plot (Figure 12) of Table 2 (c), number of plant 
species identified against number of pellets analyzed shows no signifi

cant variation. It is probable, however, that if more pellets are 

analyzed, more species could be discovered.

Also plotted in Figure 12 is the number of pellets extracted 
from the section. While it would be easy to interpret something climatic 

(Vaseys an even lusher habitat because of higher rainfall or lusher in 

relation to elsewhere on the rim because of less rainfall) from the 

tenfold increase in numbers of pellets in the 20-25 cm interval, certain 

facts must be considered,

Welles and Welles (1961) report desert bighorn defecate between 
one or two to 80 pellets per defecation during the day; many more at the 

bedding spot. An average amount might be 50* Desert bighorn leave an 

average of 13 pellet groups per day, mostly in their bedding spot. Mule 

deer have a rate of 12.7 groups per day (Smith, 1967): elk 11 groups per 
day (Julander, Ferguson, and Dealy, 1963). These rates are quite simi

lar and it is reasonable to assume mountain goats are within the same 

range. At 50 pellets per 12 defecations, one animal could deposit most 
of the pellets in a 5 cm section. While the size of the flock is dictated
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Figure 12. Histograms showing summary of data from fecal pellets 
removed from stratigraphic test pit 1, Stanton’s Cave, Grand Canyon, 
Arizona.



"by the habitat, 2 to 3 animals is average. Sixteen animals in a flock 

is maximum (Simmons, 1969).

The pellets in Stanton's Gave are scattered between layers of 

soil which has probably formed from the weathering in place of the cave 

ceiling and walls. A meter-thick section of cave earth is unusual for 

a cave in the Grand Canyon. In Rampart Gave, no cave soil is evident 

in the 1,5 m sloth dung section, which was deposited in over 35*000 

years.

The radiocarbon dates in Table 1 display a fairly constant rate, 

of.sedimentations from one to three centimeters per millenium for the 

last 35,000 years, with no increase in pluvial times. Because the 

dates plot as a regression (Figure 6), the pellets cannot be regarded as 

deposited in one layer and then redeposited up and down from that point.

In comparing the percentages of plants eaten by bighorn sheep, 

now, to the percentages that can be measured from Table 5» the following 

emerges: data are erratic for the food preferences of modern bighorn.

Sheep can trade off, eating grasses and shrubs one day, and then eat only 

grasses the next day (M, R, Seiko, personal communication). Published 

data indicate that bighorn in Arizona eat 48.3% grasses, and the remainder 

forbs, browse, and sedges (Honess and Frost, 1942); 75% sedges, 7% 

grasses (Jones, 1950)? summer diets of 100% forbs, or 32% forbs and 60% 

Ephedra or 38% grasses; and winter diets of 25% Prosopis and 65% Physalis. 

or 99% forbs and 1% Hammilarla, or 40% forbs and 20% Ephedra and 40% 

grass (Russo, i960). The diet of mountain goat is documented as follows: 

63% grasses and sedges, 23% willow, 14% forbs, with browsing during the 

winter (Cowan, 1940); 96% grasses and mountain mahogany comprising winter
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diet (Brandtorg, 1955)? 65% grasses in winter diet (Casebeer, 1948); and 

89% grasses in summer diet (Hibbs, Glover, and Gilbert, 1969). The 

values I found, which may average winter and summer diets are ^ 0 %  

grasses and 70% forbs, shrubs, and trees.

To insure that I was not missing anything obvious, I also looked 

at fecal pellets of modern desert bighorn sheep, and modern mule deer.

In both cases the difference between modern and fossil pellets is strik

ing, Modern pellets have big sheets of coherent epidermal fragments. 

However, in modern experiments, only a low percentage of recognizable 

items are apparent in fecal samples of animals fed a known diet (Zyznar 

and Urness, 1969).
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CHAPTER 4

SUMMARY AND CONCLUSIONS

The study of epidermal fragments of plants in well-preserved 

fossil fecal pellets shows that the specific elements of a past plant 

community can "be determined for the last 35*000 years at Stanton’s Cave 

in the Grand Canyon,

A reference collection of plants growing in the vicinity of the 

cave formed the "basis for comparison with the epidermal fragments in 

the fecal pellets. In total, 53 species of vascular plants were identi

fied, 18 of them grasses (Table 3)«

Because no staple that changes could be identified, and no 

plants confined to higher elevations dropped out or were added to the 

list, no climatic change can be interpreted from the epidermal fragments 

to match the shift which occurs in the pollen data. Other evidence, 

however, adds credibility to an important climatic change.

The extensive deposit of driftwood dating greater than 35»000 

years in layer 68 cm of the cave implies a pluvial flood along the 

Colorado River which raised the water level 43 m.

The presence of Oreamnos harrlngtoni in the cave following re

cession of the ancient flood could imply colder conditions in the past, 

0, americanus. from which 0, harringtoni was derived in the Pleistocene 

(Harington, 1971) ranges today from 44° to 63° latitude and no farther . 

south than the Snake River Plains in Idaho, The terrain this animal



inhabits sounds like a description of the Grand Canyon: rugged, broken 

terrain, ledges, cliffs, talus slopes, coarse gravelly soils, semi-arid 

areas with little water (Ingles, 1965)• However, it is of doubtful 

value to interpret climatic changes on the unknown climatic affinities 

of extinct animals. Indeed, the best gage to the environmental prefer

ence of Oreamnos harringtoni is the list of plants eaten by it (Table 4). 

While the plants that are edaphic indicators point to a predominance of 

xerophytic shrubbery in the diet of 0. harringtoni. the presence of 

Mimulus attests that the animal was eating at a spring also. Because 

these are similar to plants eaten by Ovis canadensis, these animals must 

have had overlapping habitats. One may conclude that 0. harringtont was 

an arid lands species, living in a warmer, drier environment than 

0. americanus.

A sed im en ta tio n  r a te  which n ever exceeded two p e rc e n t ( r a t i o  o f  

p e l le t  to  cave e a r th  d e p o s it io n ) makes i t  p o s s ib le  to  in t e r p r e t  t h a t  th e  

an im als  never used th e  cave v e ry  much. However, i t  i s  e q u a lly  p robab le  

th a t  th e  tren ch es  were n o t dug a t  th e  f a v o r i t e  bedding spots .

The an im als  p ro b ab ly  came to  Vaseys P a ra d is e , and th e re b y  S ta n to n 's  

Cave, because i t  was a  lu s h  h a b ita t  and w ater was a v a i la b le  in  th e  Colo

rado R iv e r , P. S, M a rtin  (p e rs o n a l com m unication) b e lie v e s  t h a t  Vaseys 

is  on th e  o rd e r o f  a hundred tim es  more p ro d u c tiv e  than  th e  d r i e r  ta lu s  

o f  s im i la r  s iz e  in  th e  in n e r  gorge o f  M arble Canyon. The an im als  prob

a b ly  came d u rin g  th e  seasons th a t  fo ra g e  was poor e lsew here: w in te r  o r  

summer. There a re  no "b lobby” p e l le t s ,  th e  typ e  produced by green f o r 

age, in  th e  s p rin g  ( N e i l  Guse, J r . , p e rso n a l com m unication), I t  was 

n ot p o s s ib le  to  determ ine from  th e  few  annuals which season th e  p e l le ts
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were deposited. Bartos (in preparation) graphed pollen percentages in 

several pellets, and concluded they were deposited in the winter.

I cannot he sure that the fossil plants identified as those 

now growing at Kane Canyon (a series of springs at an elevation of 

1740-1890 m) could not have been defecated at Stanton's Cave, 19 km 

away. The data which follow do not give conclusive evidence. While 

bighorn sheep move on an average of 5 km a day, under duress they could 

easily move 19 km in one day (C. Roger Hungerford, personal communication). 

The lapse time from feeding to evacuation in domestic sheep is 14-19 

hours (MeAnally and Phillipson, 1944), and in bighorn, 5-6 days (Martin, 

1954). Coarse browse passes through the digestive tract more slowly 

than herbaceous feed (Zyznar and Urness, 1969).

When comparing epidermal fragment identifications (Table 3) to 

the analysis of pollen taxa (Figure 7)1 the necessity for this type of 

study is obvious. Fifty-three genera, in many cases species, are identi

fied here. Pollen analysis of the cave earth (Martin, unpublished data 

of Figure 7) yielded three families and 12 genera. Pollen enters the 

cave earth from plants growing in the area, as well as from the regional 

pollen rain, which in the Grand Canyon can be from a great distance 

(King and Sigleo, in press). Pollen in a fecal pellet is a seasonal 

phenomena and is extremely variable (Bartos, in preparation). Pollen 

enters a fecal pellet from the flowers an animal eats, as well as from 
the regional pollen rain.

From various morphological measurements (Figure 8), I have come 

to the conclusion that the larger pellets are from Oreamnos harringtoni, 

extinct mountain goat, and the smaller pellets are from Ovis canadensis,
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desert bighorn sheep. While desert bighorn probably visited Vaseys 

Paradise periodically over 35*000 years, the extinct mountain goat left 

no traces from 12,000 years ago to the present.

While I have considered the possibility of redeposition of 

pellets, and thereby of making an incorrect analysis of the vegetation 

in the particular interval, I think redeposited pellets can be recog

nized, With experience, I found that a redeposited pellet could be 

identified if the preservation of the epidermal fragments was much dif

ferent from the others in the interval. The oldest pellets are probably 

those with the thickest calcareous coating. However, it is not a simple 

task to separate out redeposited pellets on sight in order to calculate 

the percentage redeposited. Redeposition probably occurs by pellets be

ing trampled by hooves, being carried from below by packrats, or drop

ping through interstices in the driftwood.

Although there has been a great deal of plant migration before, 

during, and after the Pleistocene particularly along the ice border in 

the north, studies show that the nature of vertical plant community mi

gration in the Southwest is in the order of 900 m. But no vegetation 

change is apparent in the epidermal fragments in fossil fecal pellets from 

Stanton's Cave, Either there was no vegetation changej there was one but 

in the form of taxa being added very slowly and eliminated very slowly 

and I cannot pick it out of the data; or the locality was not sensitive 

to the regional changes. The area is small and isolated, and plants 

would have a hard time migrating into and out of the community. Possibly 

the vegetation of the Vaseys Paradise spring escaped Pleistocene shifts 
in vegetation zones.



APPENDIX A

MORPHOLOGICAL FEATURES OF THE 
MONOCOTYLEDONS AND DICOTYLEDONS

Morphological variations can be found from leaf to leaf, and 

organ to organ, although many characters are of taxonomic value. The 

following discussion is mostly from Metcalfe and Chalk (1950), Metcalfe 

(i960) and Esau (1965). The basic features used for identification of 

plants are cell arrangement, cell outline, presence and absence of 

trichomes (hairs), and shape and size of stoma.

Annual and riparian species, whether Monocotyledoneae or 

Dicotyledoneae, have thin cuticle formation. In some cases, the cells 

do not survive chemical treatment (nor the digestive process) (Storr, 

1961).

Monocotyledons

Monocotyledons a re  c h a ra c te r iz e d  as having  lo n g  re c ta n g u la r  

c e l ls ,  e lo n g ated  in  th e  lo n g  d ir e c t io n  o f  th e  organ. These c e l ls  a re  

e it h e r  s t r a ig h t  o r u n d u la tin g , th ic k  o r  th in  w a lle d . They can a ls o  be 

c u b ic a l. The c e l l  w a lls  can o v e rla p .

The stoma a re  u s u a lly  in  lo n g itu d in a l rows. The s iz e  o f  th e  stoma 

is  sp ec ies  s p e c if ic  and most a re  in te r c o s ta l  (between th e  v e in s ) .  The 

guard c e l ls  a re  narrow in  th e  m iddle  and en larg ed  a t  both ends. Stoma 

are  o n ly  in te r c o s ta l  in  grasses. In  d ry  l o c a l i t i e s  th e  stoma a re  r e 

s t r ic t e d  to  s id es  o r bases o f  fu rrow s (th e  edge i n r o l l s ) .  Stoma a re
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m ostly in  w e ll-d e f in e d  bands -  one o r  two bands dependent on s p ec ies .

Each band can have two o r  more rows o f  stoma.

There are four types of stoma in monocotyledons (Stebbins and 

Khush, 196l). The first and most common describes the grasses, (A)

Two s u b s id ia ry  c e l ls  l a t e r a l  to  th e  two guard c e l ls  (B utom ales, A lis m a t-  

a le s , Ju n ca les , G ram ina les, C y p e ra le s , T yp h a les , Haem oales). (B ) Two 

guard c e l ls  and fo u r  to  s ix  s u b s id ia ry  c e l ls  in  fo u r  d ire c t io n s  (Com- 

m elinaceae, A raceae, B rom eliaceae , Musaceae, S t r e l i t z ia c e a e , Z in g i-  

beraceae, Cannaceae), (c) Two guard c e l ls  and fo u r  to  s ix  s u b s id ia ry  

c e l l s , two o f  which a re  rounder and s m a lle r  a t  end o f  guard c e l ls  

(Palm ae, Pondanaceae, C y c la n th a c ea e ), ( d ) Two guard c e l ls  and no sub

s id ia r y  c e l ls  ( r e la t e d  to  L i l i a l e s ) ,

The s u b s id ia ry  c e l ls  o f  th e  stoma may be t r ia n g u la r ,  p a r a l l e l 

s id e d , low  domed o r  h igh  domes, and v a r ia b le .  T r ia n g u la r  and low  domed 

are  fre q u e n tly  found to g e th e r . In te rs to m a ta l c e l ls  lo o k  l i k e  lo n g  c e l ls .  

These can be squared o f f  o r concave -  th e re b y  f i t t i n g  around th e  stoma.

In  th e  grasses, o th e r  c e l ls  occur: b u l l ifo r m  c e l l s , s h o rt c e l ls ,  

cork (su b ero se) c e l ls ,  and s i l i c a  bodies (p h y to l i th s ) ,  B u ll ifo rm  c e l ls  

a re  en larg ed  ep id erm al c e l ls  which can cover a s u rfa ce  o r  be in te r c o s ta l .  

F la t  s h o rt c e l ls  can be s t r a ig h t  o r  u n d u la tin g , Cork c e l ls  assume th e  

same shapes as s i l i c a  b o d ies . S i l i c a  bodies can conform to  th e  c e l ls  

they  f i t  in to ,  o r be s m a lle r  th an  th e  c e l l .  Shapes th a t  d e scrib e  s i l i c a  

bodies a re  many: d um bell, e lo n g a te  smooth, e lo n g ate  s inuous, n o d u la r, 

s ad d le , k id n ey , h a l t e r ,  b a t t le - a x e , h a lf-m o o n , c ro ss , round, ro d s , 

re c ta n g u la r ,  s u b -re c ta n g u la r , dogbone, c re n u la te  v e r t ic a l ,  dum bell w ith  

wide m id d le , e l l i p t i c a l ,  t a l l  and narrow , f i t t i n g  a c o n c a v ity , a c u te ,



Oryza-type (a vertical dogbone), or the amount of silica can vary with 

the focus of the microscope. Silica bodies can vary in a species, but 

one shape will be predominant.

Most grasses have trichomes - mostly less than 8Qu long. Robust, 

rose-prickle shaped hairs are called prickle hairs or asperites. Prickle 

hairs can be unbarbed or not pointed. They can interlock over stoma in 

a groove,

Long and short cells in grasses can have papillose surfaces.

The papillae can be: globose in chains on costal areas, one oblique 

papillae with thickened distal end, unthickened oblique, globose and 

oblique, small papillae along with large papillae on one cell, in several 

rows on one cell, or large thin papillae also occur. The papillae can be 

highly cutinized in dry localities. Papillae are mostly on intercostal 
long cells.

Grasses can have macro-hairs which are unicellular and vary in: 

length, frequency, thickness of wall, rigid and straight or flexible and 

bent, density, and attachment superficial or sunken. The types of macro

hairs are: superficial with swollen bases, slender with sunken base and 

specialized cells, slender with thick-walled base, crozier long-stalked 

glandular, short rigid thick-walled, sinuous with sunken base, short 

rigid thick-walled and sunken base, and short-stalked two-celled sunken 

glandular.

Microhairs are usually two-celled with the distal cell usually 

missing. These hairs can be described as follows: unicellular rounded, 

two-celled and rounded, short basal cell and longer distal cell with 

rounded apex, short basal cell with longer pointed distal cell, basal
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and d is t a l  c e l ls  eq u a l in  s iz e  and d is t a l  has rounded apex, both  c e l ls  

long  and narrow , b a s a l c e l l  lo n g e r than  ta p e re d  d is t a l  c e l l ,  b a s a l and 

d is t a l  eq u a l and s h o rt w ith  ta p e re d  apex on d is t a l  c e l l ,  b a sa l lo n g e r  

and d is t a l  dome-shaped. M ic ro h a irs  can be lo c a te d  in  s to m a ta l bands o r  

in te r c o s ta l  between s to m a ta l bands.

D e ta ile d  c h a ra c te r iz a t io n s  a re  g iven  f o r  grass s u b fa m ilie s  and 

t r ib e s  (M e tc a lfe , i960). Bambusideae have th e  most complex s i l i c a  

b o d ies . S ubfam ily  Festocoideae has s h o rt s i l i c a  c e l ls  which a re  c o s ta l ,  

s o l i t a r y  o r p a ire d  and seldom in  lo n g  rows. The s i l i c a  bodies a re  s im ple: 

t a l l  and narrow , round, e l l i p t i c a l ,  c rescen t-sh ap ed , f i t  a  c o n c a v ity , 

oblong, e lo n g ated  sinuous o r  smooth. M acrohairs  a re  broad and s u p e r f ic ia l  

and th e re  a re  no m ic ro h a irs . The stom ata a re  domed o r p a r a l le l - s id e d .  

F e s tic o id  t r ib e s  a re  p o o rly  d e fin e d  from one an o th e r. The P an ico ideae  

are  d iv id e d  in to  two typ es: eu p an ico id  and c h lo r id o id . The supan ico id  

type has h a lte r-s h a p e d  s i l i c a  c e l ls  and th r e a d - l ik e  b ic e l lu la r  h a irs .

The c h lo r id o id  typ e  has double-edged b a t t le -a x e  s i l i c a  bodies and sw o llen  

b ic e l lu la r  h a irs .  In  g e n e ra l, th e  P an ico ideae have: s h o rt c e l ls  which 

are  c o s ta l ,  seldom s o l i t a r y  o r  p a ire d , b u t in s te a d  in  f i v e - c e l l  rows; 

s i l i c a  bodies th a t  a re  sadd le -shaped , c ro ss , dum bell, O rvza- t v p e , o r  

nodu lar; m acrohairs which have sunken bases and a re  in te r c o s ta l ;  m icro 

h a ir s ,  when p re s e n t, a re  tw o -c e lle d : and stom ata a re  u s u a lly  t r ia n g u la r  

and domed to g e th e r . The t r ib e s  o f  th e  su b fam ily  a re  w e l l  d e fin e d . C er

t a in  g e n e ra liz a t io n s  may be made about th e  s ep ara te  t r ib e s .  Paniceae  

have cross o r dum bell s i l i c a  bodies which a re  c o s ta l ,  and lo n g  m ic ro h a irs , 

Pappophereae (Enneapogon) have g la n d u la r  h a irs  w ith  a lo n g  s ta lk  and

g la n d u la r  head, C h lo rid eae  have c o s ta l saddle-shaped s i l i c a  bodies in



long rows, and small spherical microhairs often partly sunken, Sporo-
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boleae have short spherical one-celled microhairs, short cells which 

are costal or in short rows of a few cells, and "bulliform cells are 
present.

The family Juncaceae is described by Cutler (1969). The 
Juncaceae have cells with their long axis parallel to the organ; adaxial 

(lower surface) cells are wider than are abaxial (upper surface) cells: 

and there is no distinction between long and short cells. Hairs and 

papillae, if present, are sporadically distributed, simple and uni

cellular or filamentous if present, and papillae are frequent. Dark 

amorphous substances are tannin. The stoma are sunken or superficial, 

subsidiary cells have ridges and can be larger than the guard cells.

The guard c e l ls  have an in n e r  o r  o u te r  r id g e . There a re  no c ry s ta ls  nor 

s i l i c a  b o d ies . On th e  a b a x ia l s id e , th e  c e l ls  can be fo u r  to  s ix  s id e d , 

th e  w a lls  th in  o r  m oderate ly  th ic k ,  s t r a ig h t  o r  wavy; th e  c e l ls  a re  two 

to  f i v e  o r  s ix  to  tw e lve  tim es lo n g e r than  w ide. The a d a x ia l s id e  has 

no stom ata and th e  c e l ls  a re  one to  th re e  o r  s ix  to  te n  tim es  lo n g e r  

than  w ide.

The family Cyperaceae is described by Metcalfe (1971). Diagnostic 

characters on the leaf are hairs, stoma, and silica bodies, the length 

and width of intercostal cells, whether the cells are sinuous or smooth, 

and the presence or absence of papillae. Of the hairs, prickles are 

typical at the leaf margin, with an inflated base and sharp barb; they 

may vary in size, shape, and distribution; they may be species specific 

but do vary in frequency. The stoma are paracytic (to be defined) and 

arranged in longitudinal files of cells. However, in some genera, the
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subsidiary cells are tetracytic and scattered. The silica bodies are 

costal and occur in all species, They take the form of cones (l-l6 per 

cell), warts or nodules (l~several per cell), wedges buried in inter

costal cells, bridge-shaped cutting across the edges of several cells, 

particulate, and also cones, intercostal rods, or may rarely be dumbells. 

The epidermal cells can be irregular, with different sizes on a surface. 

Some are inflated bulliform cells, and some are papillose. The cells 

are cubical or long, straight or undulating.

Of the family Equisetaceae, I have only seen Equisetum. Of 

these, the rectangular cells are wavy or straight. Silica bodies are 

along the outside walls, or in particulate rows. The stoma are distinc

tive: they look like teeth.

Yucca and Agave (Liliaceae and Amaryllidaceae) have cells with 

very thick walls, polygonal in outline. Agave stoma are deeply sunken, 

and Yucca stoma have four distinctive subsidiary cells, although the 

basic pattern is paracytic. Both may be mistaken for seed coats, which 

are polygonal with thick walls. Stoma would have to be present to make 

a positive identification, Cactaceae have an extremely thick epidermal 

wall, and very obscure cells.

Dicotyledons

Dicotyledons are more difficult to characterize as a group. 

Family characteristics are not particularly distinctive, Metcalfe and 

Chalk (1950) have described the dicotyledons.

Dicotyledon stoma are randomly distributed. The stoma have 

crescent or kidney-shaped guard cells with rounded edges, Stoma from
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th e  same species  can lo o k  d i f f e r e n t  depending on w hether th e  guard c e l ls  

are  open o r  c lo se d . The frequency o f  stoma a ls o  v a r ie s  from p o in t to  1

p o in t on a l e a f ,  and on th e  le v e l  o f  in s e r t io n  o f  a  l e a f  on th e  stem.

I t  is  a ls o  in flu e n c e d  by h a b ita t .  So s to m a ta l number p e r u n i t  a re a  and 

e x te n t to  which ra is e d  o r  sunken is  n o t o f  taxonom ic v a lu e .

There a re  f iv e  types o f  stoma arrangem ents in  d ic o ty le d o n s ,

(A ) Anomocytic o r  Ranunculaceous -  i r r e g u la r  c e l le d ,  w ith  no s u b s id ia ry  

c e l ls  surrounding  th e  stoma. (B ) A n is o c y tic  o r  C ru c ife ro u s  -  u n e q u a l-  

c e lle d : th re e  s u b s id ia ry  c e l ls ,  one s m a lle r  than  th e  o th e r  two.

(c) P a ra c y t ic  o r  Rubiaceous -  p a r a l le l - c e l le d ;  c e l ls  f la n k  stoma p a r a l l e l 

ed w ith  lo n g  a x is  o f  guard c e l ls .  (D ) D ia c y t ic  o r  C aryophyllous -  c ro s s -  

c e lle d ;  one p a i r  o f  s u b s id ia ry  c e l ls  p e rp e n d ic u la r to  th e  lo n g  a x is  o f  

the  guard c e l ls .  (E ) A c tin o c y t ic  -  surrounding  c e l ls  appear to  r a d ia te  

from th e  guard c e l ls .

Many d ic o ty le d o n s  have trich o m es , Trichomes may be g la n d u la r  o r  

n o n -g la n d u la r , u n ic e l lu la r ,  b ic e l lu la r ,  o f  m u l t ic e l lu la r .  Taxonomic 

c h a ra c te rs  a re  number o f  c e l ls  and degree o f  b ranch ing , Length , s iz e ,  

and d e n s ity  vary  w ith  environm ent. Types o f  h a irs  a re : f ib ro u s , whip

l i k e ,  p e l t a t e ,  t u f t e d ,  branched, s t e l l a t e ,  two-arm ed T-shaped , v e s ic u la te ,  

m u lt ic e l lu la r  shaggy, g la n d u la r , hooked, and s c a le - l ik e .  Long h a irs  can 

become c a lc i f ie d ,  which appears as p a p il la e  o r s t r ia t io n s  on th e  trich o m e. 

S e v e ra l species  have ro s e tte s  o f  c e l ls  a t  th e  base o f  th e  trich o m es, I  

count how many c e l ls  around a  trichom e (w hich seems to  v a ry  w ith  th e  s iz e  

o f  th e  tr ic h o m e ), and how many la y e rs  deep th e  c e l ls  a re . A lthough  

b o ta n is ts  s ta te  t h a t  th e  s iz e  o f  th e  trichom e is  n o t a  taxonomic c h a ra c te r ,  

I  found I  could  use a  g e n e ra l s iz e  c la s s i f ic a t io n  o f:  under lOOju, 

and o ver 1500p to  id e n t i f y  s p ec ie s .
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E piderm al c e l ls  d i f f e r  in  s iz e ,  shape and o u t l in e ,  b u t l i g h t  

in te n s ity  and h u m id ity  a f f e c t  these fe a tu re s . C e lls  can be d escrib ed  

as? re c ta n g u la r ,  c u b ic a l,  p o ly g o n a l, round, and jig sa w  (d e e p ly  o r  

g e n tly  u n d u la tin g  measured as depth  o f  u n d u la tio n  g re a te r  o r  le s s  than  

i t s  w id th ) .  The c e l ls  may be s t r ia t e d  o r  smooth, and h o r iz o n ta l ly  o r  

v e r t ic a l l y  d iv id e d . Some d ic o ty le d o n s  have p a r a l l e l  v e n a tio n , and 

th e re fo re  have c e l ls  which lo o k  l i k e  monocotyledons. Some examples 

are  Trapogon, S w e rtia , and P la n ta g o , '

There a re  s e v e ra l typ es  o f  chem ical d ep o s its  in  p la n t  c e l ls .  

Calcium  o x y la te  c r y s ta ls  as p rism s, c lu s te r s ,  o r  s ta rs  a re  w idespread  

in  C actaceae, as w e l l  as in  many d ico ty led o n o u s fa m il ie s ,  C y s to lith s  

have th e  appearance o f  grotesque conches, Raphides appear as b la c k  

designs.

Others

Gymnosperms have deeply sunken stoma arranged in rows, and 

various types of long cells, either straight, curved outward, or undulat

ing, Pinaceae, needles in particular, have very thick cell walls.

W hile Polypodiaceae c e l ls  a re  n o t u n lik e  d ic o ty le d o n  c e l l s , spores  

a re  commonly found in  a s s o c ia tio n  w ith  th e  ep id erm al fragm ents . Esau 

(1965) says fe rn s  can have s i l i c a  d ep o s ited  in  th e  c e l ls .

Several other characters are suggested for identification of 

fossil plants (Arbeitsgruone Cuticulae der C.I,M,P,. 1964), While I did 

not find these useful, they are interesting and may conceivably be used 

in modern identifications, These are: cells basically flat or arched out

ward (a papillae): in intercellular zones the line of contact between cells 

visable or not, sculptured or not; and the sculpture elements high, flat, 
ridged or triangular.
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Figure B-l. Epidermal fragments of Gramineae from Stanton's Cave
and reference collection.

A. Aristida glauca epidermal cells with stomates and silica cells, 
1 mm = 2p.

B. Aristida sp. epidermal cells with silica cells. In small 
fecal pellet from 0-5 cm. 1 mm = 2p.

C. Sporobolus cf, cryptandrus epidermal cells with silica and cork 
cells. 1 mm =

D. Sporobolus sp, epidermal cells with silica and cork cells. In 
small fecal pellet from 10-15 cm. 1 ram » 2.5)i»

E. Stlpa arida epidermal cells with stomates, and silica and cork 
cells. 1 mm = 3»2p.

F. Stipa sp, epidermal cells with stomates, and silica and cork 
cells. In large fecal pellet from 0-5 cm, 1 ram = 4p,
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Figure B-l, Epidermal fragments of Gramineae from Stanton’s Cave
and reference collection.



Figure B-2. Epidermal fragments of Polypodiaceae, Ephedraceae, and
Liliaceae from Stanton’s Cave and reference collection,

A, Adiantum capillus-venerls epidermal cells and stomates,
1 mm =

B, Adiantum sp, epidermal cells. In small fecal pellet from 
3O-35 cm. 1 mm = 4p,

C, Ephedra torreyana epidermal cells and stomates, 1 mm = 2u.

D, Ephedra sp. epidermal cells. In small fecal pellet from 10-15 cm. 
1 mm t= 3p,

E, Yucca angustissima epidermal cells and stomates, 1 mm = fSu,
F. Yucca sp, epidermal cells and stomates. In small fecal pellet 

from 50-55 cm. 1 mm = k p . .
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Figure B-2, Epidermal fragments of Polypodiaceae, Ephedraceae, and
Liliaceae from Stanton’s Gave and reference collection.



Figure B-3. Epidermal fragments of Boraginaceae and Compositae
from Stanton's Cave and reference collection.

A, Coldenia hispidissima epidermal cells in basal rosette with 
small trichome. 1 mm =

B, Coldenia sp, epidermal cells in basal rosette, In large fecal 
pellet from 25-30 cm. 1 mm =.

C, Artemisia tridentata T-shaped trichomes. 1 mm = 2,5)i»

D, Artemisia sp, T-shaped trichome. In small fecal pellet from 
0-5 cm, 1 mm = 2,5h*

E, Chrysopsis hispida jointed trichome, 1 mm = 6p,
F, Chrysopsis sp, jointed trichome. In small fecal pellet from 

20-25 cm. 1 mm = 8p,
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Figure B-3. Epidermal fragments of Boraginaceae and Compositae
from Stanton's Cave and reference collection.



Figure B-4, Epidermal fragments of Rosaceae and Labiatae from
Stanton's Cave and reference collection.

A, Hedeoma diffusum jointed, papillose trichomes. 1 mm = 8p,

B, Hedeoma sp, jointed, papillose trichome, In small fecal 
pellet from 30-35 cm. 1 mm = 8ji,

C, Amelanchier utahensis smooth trichomes, 1 mm = 5 ) i ,

D, Amelanchier sp, smooth trichome. In small fecal pellet from 
0-5 cm, 1 mm = 3ji.

E, Prunus fasciculata epidermal cells and abundant trichomes.
1 mm = 2 } i .

F, Prunus sp, epidermal cells and abundant trichomes, In small 
fecal pellet from 5-10 cm. 1 mm = 3 , 2 ) i ,



m
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Figure B-4. Epidermal fragments of Rosaceae and Labiatae from
Stanton’s Gave and reference collection,



Figure B-5» Epidermal fragments of Malvaceae, Gruciferae, and
Caryophyllaceae from Stanton's Cave and reference collection.

A. Sphaeralcea sp, stellate trichome, 1 mm = 2.5M*

B. S-phaeralcea sp, stellate trichome. In large fecal pellet 
from 35-40 cm, 1 mm = 7*5m *

C. Lesquerella arizonica stellate trichome, 1 mm = 6 )x ,

D. Lesquerella sp. stellate trichome. In large fecal pellet 
from 45-50 cm, 1 mm = 8u.

E. Arenaria fendleri epidermal cells with papillae, 1 mm = 4p,

F. Arenaria sp, epidermal cells with papillae. In large fecal 
pellet from 35-40 cm. 1 ram = 4p.
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Figure B-5. Epidermal fragments of Malvaceae, Cruciferae, and
Caryophyllaceae from Stanton's Gave and reference collection.



Figure B-6. Epidermal fragments of Loranthaceae, Chenopodiaceae,
and other cells not in reference collection from Stanton’s Cave,

A, Phoradendron sp, epidermal cells and stomate, 1 mm = 5p«

B, Phoradendron sp, epidermal cells and stomates. In small fecal 
pellet from 45-50 cm, 1 mm = 3.3p.

C, Atriplex .jonesii inflated hairs with "basal cells, 1 mm = 2.5m «

D, Atriplex sp, inflated hairs with basal cells. In small fecal 
pellet from 0-5 cm, 1 mm = %i.

E, Mentzelia sp. barbed trichome. In large fecal pellet from 
35-40 cm. 1 m m  = 4p. .

F, Fungus, In small fecal pellet from 50-55 cm, 1 mm =
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Figure B-6, Epidermal fragments of Loranthaceae, Chenopodiaceae,
and other cells not in reference collection from Stanton's Cave,
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