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ABSTRACT

Thirty sediment samples from a prehistoric pit house site in 

east central Arizona near Snowflake were analyzed for their fossil 

pollen content. The samples were furnished by Dr. Paul S. Martin of 

the Field Museum of Natural History, Chicago. They were all associated 

with C14 dates of 2095-1720 B.P.

Fossil spectra from pits and houses were high in the Chenopo- 

diaceae plus Amaranthus pollen category and were comparable to modem 

pollen rain samples either from a xeric saltbush-grassland or from a 

mesic swale. The relative decrease in pine was interpreted as either 

due to an increase in the herbaceous pollen rain or to the retreat of 

the pine woodland.

The supposition that all the prehistoric spectra represented the 

regional pollen rain was tested by means of the 95% confidence interval 

of the binomial distribution. For example, the highest known local 

frequency of the Chenopodiaceae plus Amaranthus pollen category was 59% 

and its 95% confidence limits were from 52 to 65 (n-200). A given pre

historic frequency of 79% had its lower confidence limits at 72 (n»200). 

Thus coaplete separation of the two sets of 95% confidence limits 

revealed a significant departure from the modem pollen spectra sampled. 

In brief, the fossil counts could not be matched in the present environ

ment as it has been sampled to date. Presumed artificial concentrations 

of Ephedra torreyana type (Mormon tea) and Cylindropuntia (cholla)



All the prehistoric spectra evidently did not represent the 

regional pollen rain, although some probably did. Three pits were 

selected for their lack of evidence of artificial pollen concentration. 

Each exhibited an increase in the pine frequency and a reduction in the 

Chenopodiaceae plus Amaranthus category. These frequencies were similar 

enough to the other spectra that the same ambiguities in environmental 

interpretation remained. Consequently, independent estimates of the 

vegetation were used to weight the alternative interpretations.
As the artificial introduction of pine pollen into the site 

was unlikely and as only two naturally occurring pine species (Plnus 

ponderosa and P. edulis) were expected, I endeavored to separate the 

two on the basis of bladder breadth and to use their pollen frequencies 

as the estimate of the past position of the pinyon-juniper woodland 

border. Analysis revealed that the prehistoric site probably supported 

a pinyon-juniper woodland at least initially. The trend in dates 

in three samples paralleled a pollen record of woodland destruction.

Pine pollen data from a burial implied the existence of a pinyon-juniper 

woodland whose border was closer than the present 12 miles.

Typha pollen from two house floors and a cooking pit indepen

dently suggested an adjacent damp habitat. The Chenopodiaceae plus 

Amaranthus distortions independently implied a former abundance of

xi

pollen were identified by this method. Maize pollen must have been of

cultural origin along with certain unusually high percentages of Gram-

ineae and long-spine Composltae pollen.

these plants greater than now known after the best summer seasons at



Che site. It was apparent from these independent criteria that the low 

pine percentage was the result of a relative increase in herbaceous 

pollen production. The high Chenopodiaceae plus Amaranthus frequencies 

could be equated with the mesic conditions in the modem swale.

The fossil pollen record supports an interpretation of higher 

plant productivity when prehistoric man occupied the Hay Hollow Site.

xii



INTRODUCTION

With the growing recognition that fossil pollen is often well 

preserved in prehistoric sites, American archaeologists have recently 

encouraged the study of their excavations by pollen analysts. Pollen 

analysis is sufficiently new that a good deal of uncertainty must under

lie interpretation of routine pollen counts presented in pollen spectra 

from matrices of cultural origin. My method has been to compare the 

fossil pollen counts from an archaeological site in east-central Arizona

with an array of modern spectra collected in various types of plant
X

communities in the vicinity. In order to weigh alternative interpre

tations, independent evidence from individual pollen types, from 

historic Indian plant uses, and from seed macrofossils was evaluated.

My purpose in interpreting fossil pollen has been three-fold: to

reveal the structure of the prehistoric plant community, the patterns 

of man's utilization of the plant community, and the changes in 

structure.

The archaeological site I investigated, known as the Hay Hollow 

Site, is 8 miles east of Snowflake, Arizona (T. 13 N., R. 23 E., 1.7 mi 

south of Winter Camp. See Fig. 1). The name derives from the Hay 

Hollow Valley and the intermittent Hay Hollow Wash, which drains north

ward into the Little Colorado River. Poor grass production in recent 

years makes hay utterly inappropriate as a descriptive term for the 

valley. Juniper grows more heavily on mesas and ridges than in the

1
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valley or hollow. By removing junipers with bulldozers or with tractors 

and chain, local ranchers today, and in years past, have done their best 

to promote grass at the expense of the small trees. But ranchers were 

not the first to cope with the changing environment of the Hay Hollow 

Valley.

The Valley was apparently first occupied between 2095-1720 B.P. 

at the Hay Hollow Site. Without an industrial society to aid him, how 

did man cope with his environment? Was the ecology the same as today? 

These are questions posed by Dr. Paul Sidney Martin, the archaeologist 

directing the Southwest Archaeological Expedition of the Field Museum 

of Natural History.^ Based on excavation findings, he and John M.

Fritz hope to develop models of economic and social systems for that 

area and era.

Any hypothesis about a prehistoric economic or social system 

can be tested against evidence from stone tools and crude pottery, and 

against the fossil pollen. Why pollen? Because it provides the best 

record of plants that grew in the area. Plant macrofossils, such as 

leaves, seeds, or wood, were infrequent in the excavation. Moreover, 

pollen has what at first may seem to be the dubious advantage of being 

invisible when collected; sampling bias is accordingly less likely. 

Pollen data are independent of other archaeological observations, and 

can be used to test hypotheses from a different realm and another plane. 1

1. Paul Sidney Martin should not be confused with Paul Schultz 
Martin of the University of Arizona Geochronology Department; the 
letter's publications are cited in this dissertation.
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The Hay Hollow Site occupies a terrace below the northeastward 

extension of a sandstone mesa (alt 5,800 ft). Modern erosional channels 

north and east of the site join the broader bed of the Hay Hollow Wash. 

The terrace itself is bare of annual vegetation, but broadly spaced 

one-seed junipers (Juniperus monosperma) are conspicuous (Fig. 2).

Junipers grow on the mesa top as well as on the terrace. They 

gradually decline in density as they mix with alkali-sacaton (Sporobolus 

alroides) grassland at slightly lower elevations to the north. Juniper 

seedlings are scarce and reproduction is slight. One-seed juniper and 

pinyon pine (Pinus edulis) are intermingled on the north slope; the 

latter occurs to a lesser extent on the mesa top. The pinyon also 

intermixes with some Utah juniper (Juniperus osteosperma) in the rocky, 

dry channel east of the site.

Since grasses and annuals were not observed growing among the 

junipers on the terrace for three years, shrubs and other perennials 

were especially obvious. They included: squawbush (Rhus trilobate), 

adelia (Forestlera neomexicana), banana yucca (Yucca baccate), wild 

buckwheat (Brlogonum tneamsli), sagebrush (Artemiaia bigelovil) and 

heavily grazed Mormon tea (Ephedra torreyana). This sparse cover of 

primarily entoraophilous shrubs helped to account for the high mean pine 

pollen frequency (36%). Such a high pine percentage in the modern 

pollen rain would not be expected in the desert grassland of southern 

Arizona where grasses and annual anemophllous herbs are abundant and 

where the local pollen rain is presumably heavier (Martin 1963).



Fig. 2. The Hay Hollow Site during excavation of house 20 in 1965. View looks north and east;
The Hay Hollow stream bed is in the middle distance. Photographed from a mesa 30 feet 
above the site, courtesy of the Field Museum of Natural History (negative 103021).

Vi
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In the summer of 1967 the excavation backfill on the terrace 

provided a habitat for pioneer species. Nevertheless, despite a moist 

summer, only three species were observed to colonize the disturbed area. 

They represented disseminules of nearby perennials such as grama grass 

(Bouteloua sp.), alkali-sacaton grass, and blue gilia (Cilia longiflora). 

The weedy elements one might expect on disturbed ground were missing, 

perhaps because there was no local seed.

Even if the seed source were closer, weed establishment would be 

doubtful. One weedy species, Chcnopodium fremontil. formed sparse rings 

beneath junipers only in rainy summers in the valley. Populations of 

Chcnopodium fremontil might be restricted to such locations because the 

cattle grazed the terminal inflorescence in spite of otherwise abundant 

vegetation. On the other hand, another potential weed, prostrate pig

weed (Amaranthus graecizans) exhibited ungrazed shoot tips but failed 

to spread beyond the relatively restricted habitats along intermediate 

sized drainways. Climatic or edaphic factors, rather than grazing 

pressure, seemed to influence its distribution.

Many plants of potential economic value are not productive 

under the present climate. Although banana yucca produced flowers, 

neither it nor wolf-berry (Lvciura pallidum) bore fruits. In poor years 

the only species that bore seed was the pinyon pine, but seed production 

was limited to trees in the drainways near the site. Shrubs like squaw- 

bush grew only 3 feet tall and lacked vigor. The low density of weedy 

annuals mentioned above would not sustain human life even in good



years. It is hard to imagine successful maize cultivation at this site 

under the above conditions.

Any real differences in the fossil pollen spectra are judged 

relative to the modem pollen spectra, vegetation, and climate. The 

source of all local climatic records. Snowflake (alt 5,644 ft), has an 

annual precipitation of 12.25 inches and a mean annual temperature of 

51.6 F (Greene and Sellers 1964, p. 403). The area around Snowflake 

represents a steppe climate, known as BSK by the modified Kbppen system 

(Cross, Shaw, and Scheifele 1960, p. 80; Trewartha 1954, p. 382).

Dry, windy weather is typical from October to June. Winter 

storms originate in the northern Pacific Ocean and move into the state 

from the North or Northwest. Their long trajectory over mountainous 

land dissipates most of the moisture before it reaches Snowflake and 

thus produces only light showers. Minimum temperatures are almost 

always below freezing at night and maxima regularly approach 50 F by 

early afternoon. Readings above 70 F in December and January do occur.

Summer storms originate as deep layers of moist tropical air 

from the Gulf of Mexico that penetrate the rugged mountains extending 

across the southern and western horizons and flow across the strongly 

heated Colorado Plateau to generate late afternoon thunderstorms.

Summer average temperatures derive from minima near 50 F at daybreak to 

maxima near 80 F in the afternoon. In May and June when the humidity is 

quite low, temperatures may vary more than 40 F between day and night. 

The growing season is from the last week in May to about the first week

7



in October (Greene and Sellers 1964). The present climate supports a 

flora consisting of relatively few species (Table 1) when compared to 

southern Arizona.
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Table 1. Flora of the Hay Hollow Valley and nearby areas with a
list of University of Arizona Herbarium accession numbers.

Vouchers are identified from Kearney and Peebles I960,

PINACEAE. Pine Family
Pinue edulis pinyon pine 158252

CUPRESSACEAE. Cypress Family 
Juniperus raonosperma 
Juniperus osteosperma

one-seed juniper 
Utah juniper

158249
158253

BPHKDRACEAB. Joint-fir Family 
Ephedra viridis 
Ephedra torreyana

Mormon tea 
Mormon tea

163897
158191

GRAMINEAE. Grass Family 
Bouteloua gracilis 
Hilaria lamesii 
Lvcurus phleoides * 
Muhlenbergia torreyi 
Monroa squarrosa 
Orvzopais hvmenoides 
Soorobolus airoides 
Sporobolus contractus 
Tragus sp.

blue grama 
galleta grass 
wolf-tail grass 
ring muhly grass 
false buffalo grass 
Indian rice grass 
alkalai-sacaton grass

164318
161745
163246
164330
164329

163408
164317

LILIACEAB. Lily Family 
Molina microcarpa 
Yucca baccata 
Yucca baileyi

beargrass 
banana yucca

158255
163909
163899

SALICACKAE. Willow Family 
Populus spp. *
Salix sp. *

c ottonwood 
willow

POLYGOHACEAE. Buckwheat Family 
Eriogonum alaturn 
Eriogonum iamesii 
Eriogonum meamsii

winged eriogonum 
antelope sage 
wild buckwheat

161738
163258

* Collected between Pinedale end Taylor, Arizona
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Table 1. Flora of the Hay Hollow Valley and nearby areas with a list
of University of Arizona Herbarium accession numbers.
Continued.

CHKNOPODIACEAE. Goose-foot Family 
Atriplex canescens 
Chenopodium fremontil 
Cheaopodiua incieum 
Chenopodium wataonl * 
gurotla lanata 
Salsola kali

AMARANTHACEAE. Amaranth Family 
Amaranthus albus *
Aaaranthus graecizans 
Amaranthus powellii * 
Amaranthus torreyi

NYCTAGINACEAB. Four-o•clock Family 
Mirebllls multiflora 
Oxybaphus linearis

PORTULACACBAE. Portulaca Family 
Fortulaca oleracea 
Portulaca parvula 
Portulaca refuse

CARYOPHYLLACBAE. Pink Family 
Drymaria fendleri *

BERBBRIDACBAE. Barberry Family 
Berberls haematocarpa

CAPPARIDACKAE. Caper Family 
Clcome serrulate

CRUCIFERAE. Mustard Family 
Descurelnia obtuse *
Dlthyrea wisllzeni 
Lepidlum montanum 
Stanleya pinnate

SAXIFBAGACEAB. Saxifrage Family 
Rlbes ep. *

ROSACKAE. Rose Family
Chamaebatlaria millefolium * 
Cowan!a mexicana

four-winged saltbush 
goose-foot

158217
164340
164333
161417
164328

prostrate pigweed
161760
164335
163210
164332

four-o'clock 164324
164321

purslane
purslane
purslane

164331
164508
164316

163240

red mahonia 158213

Rocky Mountain bee-plant ■

tansy-mustard
spectacle-pod
pepper-grass
desert-plume

163896

164326
164325

goose-berry

fern-bush
cliff-rose 158192
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LEGUKINOSAE. Pea Family

Table 1. Flora of the Hay Hollow Valley and nearby Areas with a list
of University of Arizona Herbarium accession numbers.
Continued.

Amorpha fruticosa * 
Astragalus spp. 
Parrvella fillfolia

false-indigo 
loco-weed

158195

POLYGALACEAE. Milk-wort Family 
Polvaala alba * milk-wort 161742

EUPHOHBIACRAE. Spurge Family 
Croton texensis 
Euphorbia revolutla

164336
164314

ANACABDIACBAB. Cashew Family 
Rhus radicans *
Rhus trilobate

poison-Ivy 
squaw-bush 158256

VITACEAE. Grape Family 
Vitia arlzonlca * canyon grape

MALVACEAE. Mallow Family 
Sphaeralcea sp.

LOASACEAB. Loasa Family 
Mentzella pumlla * stick-leaf

CACTACEAB. Cactus Family 
Bchinocereus sp. 
Opuntia whlpplei 
Op untie sp.

hedgehog cactus 
Whipple cholla 
prlckly-pear

ONAGRACEAE. Evening-primrose Family
Oenothera runclnata evening-primrose 161818

OLEACEAE. Olive Family
Forestlera neomexlcana adelia 158214

POLEMOHIACBAE. Phlox Family 
Cilia longiflora blue gills 164315
Cilia multiflora

BORAGDiACEAE. Borage Family 
Cryptantha flava 163901
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Table 1. Flora of the Hay Hollow Valley and nearby areas with a list

of University of Arizona Herbarium accession number*.
Continued,

LABIATAK. Mint Family
Salvia reflexa * Rocky Mountain sage 161759

SOLANACEAE. Potato Family
Chamaesaracha coronopus 161902
Lvcium pallidum wolf-berry
Physalis fendleri ground cherry 164320

SCROPHULARIACEAE. Figwort Family
Cordvlanthus wriahtii * club-flower 161744
Penstemon linarloldes beardtongue 161741

COMPOSITAE. Sunflower Family
Artemisia blgelovli sagebrush 164327
Artemisia filifolia sand sagebrush 158210
Aster arenoeus 158218
Brlckellia brachyphvlla brlckell-bush 164323
Chrvsothamnus sp. rabbit-brush
Franeeria acanthicarpa bur ragweed 164399
Gaillardla sp. blanket-flower
Gvitlerrezia lucida snake-weed 164322
Helianthus sp. * sunflower
Pectis papposa chinchweed 164337
Senecio longllobus thread-leaf groundsel 164397
Thelesperma sp.
Verbesina encelloldes crown-beard 164334
Xanthium s p. cocklebur
Zinnia grand!flora 164319



MATERIALS AND METHODS

Archaeological sediment samples were extracted and analyzed in 

the spring of 1966. To interpret this initial data it seemed necessary 

to learn the local species contributing to the pollen rain (Table 1), 

the kinds of natural environments that might produce a high percentage 

of chemo-am (Chenopodiaceae plus Amaranthus) pollen, and the modern 

pollen rain of a pinyon-juniper woodland in a place that corresponds 

in land-form to the Hay Hollow Site (Fig. 3).

Ecological observations were limited to a three year period.

Tree density calculations were based on the quarter method (Curtis 

1950). Efforts to secure a meaningful measure of herbaceous cover and 

annual production appeared hopeless in view of the tremendous seasonal 

variation in primary productivity typical of arid regions. For example, 

in one study area on the San Augustin Plains of New Mexico native grass 

production averaged 250 lbs/acre air dry weight in 1949; in 1951 pro

duction averaged 21 lbs/acre (Potter 1957, p. 126).

Modern Soil Surface Samples
Modern soil surface samples were collected to represent the 

normal pollen spectra of various plant communities. Locally the 

mechanical destruction of junipers (known as juniper control) within 

the pinyon-juniper woodland is minimal, but juniper destruction at 

lower elevation is far more extensive and is of potential significance 

to palynologists (Hevly 1964, p. 47). Consequently I excluded juniper

13
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from all counts, both modern and fossil. This procedure also eliminated 

the differences between modem and fossil spectra that arose from the 

excessive destruction of juniper pollen in fossil sediments (Potter and 

Rowley 1960, p. 22). Therefore what I interpret as a grassland in the 

fossil pollen record may well be a grass-forb community with scattered 

junipers, a savanna in the sense of Dansereau (1957).

The effects of grazing on the prehistoric and modern pollen 

rain were more difficult to evaluate. The fact that the vegetation in 

the modern swale (next chapter) and the pioneer species near the stream 

bed failed to extend up the slopes into the drier grassland, implied 

that moisture exerted a strong influence on their present distribution. 

Grazing pressure on previously limited habitats might be quite 

destructive.

Sampling Techniques

I adapted the quarter method (Curtis 1950, p. 25) for sampling 

the soil surface among pines. First a topographic map was used to 

establish a compass direction for a transect that would run at right 

angles to the prevailing slope. A pair of numbers taken from a random 

numbers table was used to determine the paces to each sampling point of 

four reference trees. Forty double-pinches (one pinch is ca. .7 ml) of 

surface soil were accumulated in a single plastic bag (Nasco Company 

Whirl-Pak) and assigned a geochronology catalog number.

Except for abandoning the four trees as reference points, the 

same techniques were usually followed in collecting soil surface samples 

among junipers and in grassland. At the Hay Hollow Site, I ran two
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parallel compass transects about 100 feet apart at the north and south 

edges of the grid excavation stakes. Pinyons were so infrequent that 

none intersected the transect or were felled by the excavators. A 

ponderosa pine (Pinus ponderosa) meadow (G.9066)1 and a ■altbush-alkali- 

sacaton grass community (G.9065) were sampled from a 33 x 33 foot 

quadrat at every other step as I zig-zagged across it.

Soil surface samples for pollen analysis were collected on 

January 30-31, March 19, and April 9, 1967. By March the one-seed 

juniper was shedding pollen, but as already indicated, juniper pollen 

was omitted from the pollen sum. By April oaks (Quercus sp.) were in 

bloom south of Globe, Arizona, but not in the Mogollon Rim country 

near Snowflake. The 1.5% oak recorded in a sample (G.9147) obtained 

then is not unusual for the natural pollen rain of the area. Since 

ponderosa and plnyon pine did not shed their pollen until June, the 

surface samples represent pine pollen produced prior to the 1967 season.

Extraction

I extracted the pollen from the soil surface samples following 

the HCI-HNO3 schedule of Mehringer (1968). In addition, I inspected 

all screenings for seeds, acetolysed the sample just prior to the treat

ment with potassium hydroxide, and dehydrated the residue in 95% and 

100% ethyl alcohol followed by thiophene-free benzine prior to mounting 

in silicon oil (Dow Corning 200 fluid, viscosity 12,500 centistokes).

1. All numbers preceded by G are Geochronology Department 
catalog numbers.
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Taxonomy

Pollen taxonomic categories conformed to those used by Hevly, 
Mehringer, and Yokiun (1965) with a few modifications. Short-spine was 

substituted for low-spine and long-spine for high-spine in the Compo- 

sitae. The short-spine category included an undentified prolate grain 

along with genera resembling Ambrosia, Iva and Xanthiuro, Opuntia grains 

were divided into the Cylindropuntia or cholla type and the Platyopuntla 

or prickly pear type, on the basis of punctl-baculate ektexine in the 

former and reticulate ektexine in the latter (Kurtz 1948, Tsukada 1964). 

The definition of Plnus bladder or saccus breadth conformed to Brdtman 

(1957, p. 7). Modem and fossil saccus breadth frequencies were based 
on 100 observations. Each pollen spectrum represented a 200 grain 

count unless otherwise indicated.

Preparation of Modern Plants as Pollen Sources

Before acetolysis of certain modern pollen samples, special 

procedures were employed. In water most fresh pine pollen grains will 

float. The difficulty was overcome by treating fresh pollen with a 

1:3 benzine and water emulsion prior to centrifuging and decanting. I 

subjected seeds, fruits, and husks (Table 6) to a small jet of water 

squeezed from the nozzle of a plastic bottle and concentrated any 

resultant pollen by centrifuging and decanting.

Acetolysis consisted of the following steps: (1) emersion of

the test tube containing the pollen sample mixed with 5% potassium 

hydroxide for 2 min in a boiling water bath; (2) rinsing the sample 

twice with distilled water; (3) washing the sample once with glacial
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acetic acid; (4) acetolysla tor 1 rain with 10:1 acetic anhydride:coned 

sulfuric acid mixture; (i>) washing the sample once with glacial acetic 

acid; and (6) rinsing it twice with distilled water. The samples were 

centrifuged and decanted between steps. Except for the omission of 

step one, the soil surface and archaeological samples were acetolyzed 

in the same manner.

Fossil Pollen

Sampling Techniques

The excavators of the Field Museum of Natural History collected 

scrapings or actual pieces of floor plaster for pollen analysis. Some 

samples came from under stone slabs and some from the bottom of floor 

pits. Some included earth matrix adhering to grinding tools. The 

excavators placed the samples in clean plastic sacks, tied them with 

string, and tagged them with provenience data and date.

Treatment

The method of extraction and mounting of the archaeological 

samples conformed to the surface sampling methods described above 

except for the initial samples extracted in 1966. I gave these samples 

no acetolysis and mounted them in glycerine jelly instead of silicon 

oil. The reported pollen size measurements (means and standard devia

tions) were all made from silicon mounts.

Optical Equipment

All but 100 grains of the prehistoric samples and about half of 

the surface samples were measured on one microscope at 430 x with an
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ocular interval of 2.5 pi. The remainder were measured on another micro

scope at 40 x and 640 x with an ocular interval of 1.3 and 2.0 p 
respectively.

Statistical Methods

Herskowitz (1965) and Fryer (1966) explain the 95% confidence 

interval of the binomial distribution; the latter provides tables for 

confidence limits of observations (n) of 200. Li (1965) provides 
confidence limits for n»100 and n=1,000.



MODERN VEGETATION

The escarpment known as the Mogollon Rim forms a rugged arc from 

Flagstaff, Arizona, south-east through central Arizona into New Mexico. 

It marks the southern edge of the Colorado Plateau, which extends 

through adjoining portions of New Mexico, Colorado, and Utah. At 7,500 

feet the crest of the rim supports a broad sweep of ponderosa pine 

forests with occasional admixture of Gambel oak (Quercus gambelii). 

Douglas fir (Pseudotsuga menziesii), or aspen (Populus tremuloides).

The rim also cradles a less stately forest, known as pinyon-juniper 

woodland, on its lower slopes that merge with the Colorado Plateau.

This woodland interdigitattes with the grassland vegetation. Islands 

of pinyon-juniper woodland may cover mesas and eminences, as at the Hay 

Hollow Site, while grasses and saltbush will be more abundant in the 

valley. The following vegetational descriptions are based on three 

years observation in the Hay Hollow Valley and two years observation 

in the outlying communities.

Saltbush-Alkali-Sacaton Grassland Community 

The Saltbush-alkall-sacaton grassland community (Fig. 3) formed 

a portion of the Hay Hollow Valley relied on for forage by cattle. Soil 

surface samples from a 33 x 33 foot quadrat in the community showed high 

frequencies (59%) of cheno-am pollen (Fig. 4 and Table 2), an observa

tion important to fossil interpretations. A good example of the com

munity was found about three-fourths of a mile to the northwest of the

19



Table 2. Modem pollen spectra near Snowflake, Arizona
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9060 Hay Hollow Site, south transect; 

juniper grassland
5,800 38 21.5 26 1.5 5 3 3 1 — 1

9061 Hay Hollow Site, north transect; 
juniper grassland

5,800 33.5 28 22 .5 4.5 2 3.5 3 -- 4

9063 Saltbush-alkalai sacaton 
community 33 ft quadrat

5,800 12 59 11.5 1.5 1 12.5 1.5 111I1111mm

9065-2 Alkalai sacaton swale; 5,600 7 56.5 2 3 7 22 1 mm 1.5
9147 Grassland with mormon tea 5,500 20 23.5 10.5 1 1.5 12.5 mm * 26.5 2.5 1.5 .............. —  .5 —
9148 Grassland with bare areas 5,200 28 39 17 1.5 1.5 6.5 i 2.5 1.5 1 .5 —  ....................
9141 Juniper grassland 5,900 25 . 24 34.5 1 .5 11.5 1.5 <■•6 -»«■ 1.5 . 5 ..........................
9142-1 Interior of pinyon-juniper 

woodland
5,900 58 10.5 23 1.5 1.5 2.5 1.5 .5 -- 1

9142-2 Bull Hollow Valley edge near 
pinyon-juniper

5,900 18.5 17.5 49.5 1.5 1 8.5 2.5 -- -- .5 .5 —  —  ..............

9057-6 Interior of pinyon-juniper 
woodland

6,100 79 4.5 11.5 1 1.5 2.5

9058 Beneath cholla, near road; 
pinyon-juniper woodland

6,100 61 5 24 1 1.5 .5 1 — -- 3 111I11miiii

9146 Interior of pinyon-juniper 
woodland

6,300 68 4.5 18.5 1 2.5 .5 1.5 .5 .5 .1 iiiii«iiiii»

9066 Meadow near Ponderosa pine; 6,400 2 49.5 12 20.5 8.5 3 4.5
33 ft quadrat



3. Saltbush-alkali-sacaton grassland 3/4 mile northwest of 
the Hay Hollow Site. March 1968.
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Hay Hollow Site along a real estate developer's road. Runoff from 

adjacent low promontories caused sheet flooding In the area. In the 
summer of 1967 the runoff was sufficient to create a profusion of 
alkali-sacaton grass that entirely obscured the saltbush from view.

From June to September the Snowflake Weather Station reported 8 inches 

of rainfall (U.S. Dept. Commerce 1967). That one summer Hay Hollow 

Valley seemed well-named. More commonly the available moisture is low 

(Paul Sidney Martin, personal communication), and alkali-sacaton grows 

as a stunted and meager bunch grass amid interruptions of saltbush and 

broad gaps of bare sand.

Where the runoff in the saltbush-alkali-sacaton grassland 

drained into the first eroded channel, annuals struggled for space 

along its margin during a summer of high, evenly distributed rainfall 

like 1967. Croton texensis. Russian thistle (Salsola kali), crown- 

beard (Vcrbesina encelioides), and bee-plant (Clcome serrulate) occurred 

here. Bur ragweed (Franaeria acanthlcarpa) and prostrate pigweed formed 

a meshwork in peripherial openings in which the bur ragweed dominated. 

These annuals do not seem to be grazed at maturity and may be more 

limited by moisture than by grazing pressure.

Alkali-Sacaton Swale

The alkali-sacaton swale, virtually without saltbush, contri

buted high percentages of cheno-am pollen from herbs that live under 

a higher moisture regime than saltbush. An example of an alkali- 

sac a ton swale (Fig. 5) was located 2 miles west of Snowflake, Arizona, 

on the south side of the road at an elevation of 5,600 feet.
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Fig. 5. Swale 2 miles west of Snowflake, Arizona. View looks north 
west through central sector of the swale. March 1968.



25
Three floristic sectors were recognizable in September, 1966, 

in the ungrazed swale, and they were apparently controlled by the soil 
moisture gradient. The fine clays that settled in the easternmost and 
lower portion supported the greatest density of alkali-sacaton grass.

The grass was so dense in the autumn of 1966 that less than 10 minutes 

were required in gathering 75 ml of grass seed. A mosaic of clay and 

sand in the central sector supported a meadow-like mixture of herbs 

including bur ragweed, stick-leaf (Mentzella pumila). evening primrose 

(Oenothera runcinata). sage (Salvia reflexa). cocklebur (Xanthium sp.), 

Croton texensia. Chaiaaesaracha coronopus. Amaranthus albus, and A. 

powellii. The alkali-sacaton grass of the western sector grew as a 

bunch grass, with much of the intervening area open and sandy. However, 

a meshwork of prostrate pigweed crept through the interstices of one- 

fourth to one-third of the area. A few saltbushes grew in the western 

sector, while several Chenopodium watsoni occupied the periphery. The 

presence of heavy cheno-am pollen producers so near the sampling tran

sect created a local over-representation of cheno-am pollen, 57%

(Table 2 and Fig. 4), which resembled the count in the saltbush-alkali- 

sacaton grassland.

My visits to the swale during the winter and the following 

spring suggested that the land was primarily open to grazing during 

these two seasons. On May 20 I observed blooming tansy-mustard 

(Descurainla obtuse) and palatable young bee-plant growing just outside 

the fenced swale. The absence of these herbs in the swale implied 

recent grazing, although no livestock.were seen at the time.



Rains during the summer of 1967 obliterated the floristic 
sectors so apparent the previous year. By September the alkall-sacaton 

attained an even height of 4 feet and a uniform density. The grass 
obscured all but vigorous patches of crown-beard and a few bee-plants.

The cocklebur, prostrate pigweed, bur ragweed, and evening primrose 

spilled outside the fence toward the road, where sunflower (Helianthus 
sp.) abounded the previous year.

Populations of crown-oeard, bee-plant, prostrate pigweed and 

ragweed respond to the fluctuations of moisture in the swale, rather 

than to the moisture along the margin of the erosional channel, as in 

the saltbush-alkali-sacaton grassland in the Hay Hollow Valley. The 

distribution of these pioneer species (potential weeds) appears limited 

by moisture, as the taxa do not grow on the drier slopes near the swale.

Bull Hollow

An area that resembled the Hay Hollow Site (Fig. 6) was located 

along a tributary of Show Low Creek, 2 miles south of the Taylor to 

Pinedale road at an elevation of 5,900 feet (T. 12 N., R. 21 E.). Bull 

Hollow was chosen because the adjacent mesa resembled the Hay Hollow 

Site in rock type (sandy limestone) and orientation (ME), but only 

partially in vegetation. The easternmost mesa edge had a tree density 

low enough to approximate the Hay Hollow Site. Portions of the mesa 

shared the same species of yucca, cliff-rose, wild-buckwheat, and
!

adelia as the Hay Hollow Site. However, I believed the generally I

greater quantity of pinyons and the relative increase in herbaceous j

26



Fig. 6. Bull Hollow about 5 miles southwest of Taylor, Arizona.
View looks northeast toward the surface sample G.9142-2 
transect. Dead trees are junipers felled by man.
March 1968.



cover in Bull Hollow would give insight into the contrasting modern 

pollen spectra from the two locations (Fig. 3).

Unlike the Hay Hollow Site, a dense cover of pinyons and juni- . 
per* extended downward from the north edge of the mesa top on steep, 

rocky slopes into Bull Hollow Canyon. In addition, ponderosa pines 

occupied some of the mesa gullies and a few crevices along the north 

exposure, despite being at the lowermost border of the pinyon-juniper 

woodland. The herbaceous cover of the adjacent valley bottom exceeded 

the Hay Hollow Site in density. Bull Hollow Valley was filled with 

grama grass and a broadly dispersed ragweed. This anemophilous herb 

probably did much to counterbalance the anticipated increase in the 

pine percentage compared to the Hay Hollow Site. The sampling transect 

paralled the pinyons of the mesa and lay 100-200 feet from them 

(G.9142-2, Table 2), but nevertheless revealed 18.5% pine compared to 

the 36% pine at the Hay Hollow Site. Not only does elevation and 

distance from the source of the pine pollen influence pine percentages 

but also the nature of the herbaceous cover on which the pine pollen 

falls. (See also Table 3.)

The soil surface sample from a north-south intermittent tribu

tary of Bull Hollow (G.9142-4) contained a tiny oblong seed that allowed 

some paleoenvironmental inferences about the Hay Hollow Site. The 

modern seed was obtained from a ravine in which both a narrow and a 

broad-leafed cottonwood (Populua spp.) and a willow (Sallx sp.) thrived. 

Perennial members of the Aster Tribe frequented the streaobed and wild 

grape (Vitis arizoaica) and gooseberry (Ribes sp.) enriched its edges.

28
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Table 3. Percentage of pine in pollen spectra near Snowflake, Arizona, 
ranked by decreasing density of herbaceous cover.

Rank
Geochron 
Cat. No. Description % pine

Distance to nearest pine 
and elevation in feet

1 9065 Alkalal- sacaton 
swale

7 No closer than 5 mi to 
pinyon; 5,600

1 9066 Meadow 2 1/4-1/2 mi to ponderosa 
pine; 6,400

2 9141 Juniper grass
land

25 No closer than 1 1/4 mi 
to pinyon; 5,900

2 9142-2 Border of pinyon- 
juniper woodland

18.5 100 to 200 feet to 
pinyon; 5,900

2 9147 Grassland with 
Mo m a n  tea

19 No closer than 8 mi to 
pinyon; 5,500

3 9063 Grassland with 
saltbush

12 No closer than 1 mi to 
pinyon; 5,800

4 9148 Eroded grassland 28 No closer than 20 mi 
5,200

4 9061 Hay Hollow Site 34.5 100 to 200 feet to 
pinyon; 5,800

5 9142-1 Interior of pinyon- 
juniper stand

58 5,900

5 9057-6 Interior of pinyon- 
juniper stand

79 6,100

5 9146 Interior of pinyon- 68 6,300
Juniper stand
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Russian thistle, ragweed, false indigo (Aiaorpha fruticosa) and poison

Ivy (Rhus radicans) abounded where the tributary joined the main
channel.

Pinyon-Juniper Woodland

Since the amount of herbaceous cover near pinyons created some 

strong differences in the pine percentages, a sampling of the interior 

of the pinyon-juniper woodland seemed desirable. On the north side of 

the Taylor to Pinedale road at an elevation of 6,100 feet (near the 

northeast edge of T. 11 N., R. 20 B.) a stand of pinyon-juniper (G.9057) 

grew virtually uninterrupted by steep gradients, extensive erosion, or 

outcrops (Fig. 7). The trees averaged 64/acre (n-200). Most of the 

woodland was either Utah juniper (46.5%) or one-seed juniper (38%), 

with an admixture of pinyon (15.5%). Although prickly pear, Whipple 

cholla, and wild-buckwheat seemed unchanged in density in two years, 

the other plant cover fluctuated both in density and species composi

tion. Typical species were Bouteloua gracilis. Lycurus phleoides, 

Eriogonum lamesii and E. alatum. Polygala alba. Cilia multiflora.

Salvia reflexa. Cordylanthus wrightii. Penstemon llnarloides. and 

Pectis pappose. In a summer of high precipitation, sparse mats of 

Chenopodlua graveolens. Dryaaria fendleri or even an occasional 

Anaranthua were found under certain trees.

Although a variety of herbs grew in the woodland, the few 

aneaophllous species were infrequent. This condition contrasted with 

the widespread anemophilous ragweed in Bull Hollow. The pine pollen
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Fig. 7. Pinyon-juniper woodland 7.3 miles southwest of Taylor, 
Arizona. Note pinyon on left. View includes a portion 
of the area used in obtaining surface sample G.9057. 
March 1968.



frequency increased from 18.5% at Bull Hollow to 79% in this pinyon- 

juniper woodland. Samples from other woodland interiors approached 

this high pine frequency (Table 3).
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DISCUSSION OF RESULTS

The preceding description of modern plant communities and their 

pollen rain demonstrated several concepts relative to the interpreta

tion of the fossil pollen record at Hay Hollow (Table 4, 5 and Fig. 3). 

First, the decreases in pine percentage may be as much due to increases 

in herbaceous cover as to an increased distance from the pine pollen 

source. Second, the high frequencies of cheno-am pollen from both a 

me sic swale and a more xeric saltbush-grassland community confound the 

interpretations of high fossil cheno-am frequencies by their similarity.

Any attempts to relate the modem spectra to the fossil counts 

presuppose that the fossil counts also represented a regional upland 

record which was low in pine frequency and high in cheno-am frequency. 

Perhaps the fossil spectra represented more than a regional upland 

pollen rain.

The gathering of plants by man may result in pollen concentra

tions that differ appreciably from normal meteorologic mixing, deposi

tion, and reflotation. For example, the residual long-spine Compositae 

pollen of sunflower that clings to its achenes or shells (Table 6) may 

reach high concentrations in a portion of the house where seeds are 

customarily stored, or on a particular grinding stone where the achenes 

are habitually cracked prior to shelling. Palynologists have recognized 

that certain pollen can be introduced by man.
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Table 4. Pollen spectra from outdoor pita of prehistoric age at the Hay Hollow Site. 

n*»200 except as noted * pollen spectral distortion

Geochron 
Cat. No.

Field Museum 
No.

9077 (10752815)

9080 (22852815)

9083-3 (25254845) n-100

9089-2 (29450815)

9090-3 (33852835)

9094 (30051815)

9095-1 (31253815)

9096-5 (31351865)

9100-2 (448a53815)
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9111-2 (59251825)

t
% # w # a e1 *3 S3 m

<*4 3 1 J sS m i-ii m 8-3 m 3 | 5 3
| 1 s i 1 1 s I E : i &s
04 M l s i < 6 s|s 1 si I
1C>.5 56 19.5 —  * 2.5 3 2

12
3.5

11.5

3.5 79.5* 12.5

48

32

52

18

48

24.5

22.5 49.5 17.5

.5 82.5* 11

1 62 16.5

5 76.5
81*.5

2.5 80*

1.5 86*

2
2.5

79*

71

2
4

2
.5

9.5 

11
8
8.5 

11
10.5

66.9 16.1

1

1

2.5 

1

.5

.5

1.5

1.2

1.5

.5

.5

1
6
8
1.5

1.5 

2
3.5

3.5

3

1

4.5

4

3.0

.5

1.5

.5

.5

.6

.5

3

1

2
6
3

3.5 

2
.5

3

1.5

1.5 

2
2.2

.5

1

6
4.5

5.5 

1

3

1

1.5

3.5

.5

1.5 

8
2.6

.5

1

1

.5

9*

.5

.5

x 6.1 9

Cy
1i
nd
ro

pu
nt

ia



35

Geochron 
Cat. Mo.

9040-1

9048-6
9048-9
9048-10

9048-10

9067-2
9067- 4
9068- 2
9069- 1

9069-2
9069-3

9069-4

9071-2

9071- 5

9072- 2

Table 5. Pollen spectra associated with prehistoric house floors from the Hay Hollow Site.

n-200 except as noted * pollen spectral distortion

Field Museum 
No. Provenience 1

fl
II

55
8*2 a#1

a

:

i 1I6I 6

5 1I 5 1 I
a

! i iS
(X2051) House 20, beneath 

grinding atone
.5 22 29.5 20.5 .5 19 1.5 6.5

(X1754365) House 17 8.5 33.5 11.5 .5 .5 1 -- 44.5*
(X1754220) House 17 n-400 12.7 45.2 29.5 .75 .2 .25 .5 8.5 — .25 1.5 #25 #25 —
(X1755) House 17, entry with 

maize
6 19.5 14 — 4.5 1.5 2 49* •• 1 •* ■*

(X1755) House 17, entry 
without maize

12 44.5 27.5 1.5 4.5 6.5 2.5 •• 1 ■' ••
(X3251) House 32, ME quadrant 2 80* 11 1.5 -- 2 3.5
(X3251) House 32, NE quadrant 5.5 70 14 2 — 2.5 .5 3.5 — 1.5
(X3252) House 32, NW quadrant 3.5 62 20 .5 .5 5 1 4.5 — 2.5 .5 —
(X3253) House 32, SW quadrant 

beneath hand grinder
1 90* 7 1 1

(X3253) House 32, SW quadrant 1.5 79* 11.5 .5 3.5 — 3 — 1
(13253) House 32, SW quadrant 

beneath hand grinder
6.5 47 23 .5 4 7 .5 11 .5

(X3253) House 32, SW quadrant 
beneath hand grinder

4 71.5 15 1 -- .5 eew 7 1

(X3253335) House 32 pit floor 
SW quadrant

2 80* 12 — -- 1 as* 3 .5 1.5
..........................

(X3254325) House 32 pit floor 
SB quadrant

3.5 67 18.5 -- .5 8.5
" "

.5 11Hi•*i

(X2553) House 25 center floor 2.5 60.5 17 2.5 1 15 1

X 4.9 58.1 17.4 2.4 .8 4.3 .2 7.0 .0 .0 4.4 .1 .0 .2 .0 .0
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Table 6. Relative abundance of pollen washed from modern seeds, 
fruits, and husks.

Pollen

Name of Plant Plant part Abundant
Common 
to rare Absent

Pinyon
(Pious edulis)

seed* X

alkali sacaton grass 
(Sporobolus airoides)

caryopsis* X

maize 
(Zea mays)

husk
caryopsis

X
X

goose-foot
(Chenopodium dessleaturn)

seed* X

Prostrate pigweed 
(Amaranthus eraecizans)

seed* X

Whipple cholla 
(Opuntia whipplei)

fruit and 
stem

X

sunflower 
(Helianthua sp.)

achene* X

* Winnowed prior to treatment
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Martin and Schoenwetter (1960), Hevly (1964, 1966), Schoenwetter 

and Eddy (1964), Martin and Sharrock (1964), and Martin and Byers (1965) 

interpreted pollen counts in an economic context. Hevly (1964) compared 

pollen spectra of different rooms to identify different customs in pre

historic utilization. Pollen counts of samples extracted from matrix 

removed from grinding stones or metates suggested functional differences. 

Hevly examined pollen spectra from burials and floor pits for unusually 

high concentrations of pollen types.

Distortions in the Prehistoric Pollen Record 

The key to the identification of certain pollen spectral dis

tortion lies in the high concentration of a given pollen type. If, 

for example, food supplies were replenished often enough in a given 

location, the pollen might have reached a concentration that could not 

be duplicated by the pollen rain sampled in the soil surface. An 

interpretation of pollen spectral distortion seems justified when a 

frequency is so high that it fails to come within the 95% confidence 

interval (binomial distribution) of the highest probability of occur

rence in a known normal spectrum. For example. Ephedra pollen reached 

a concentration under natural conditions of 26% with 95% confidence 

limits of 20 to 33. A fossil spectrum from a cultural context 

(G.9048-6) had a frequency of 44%, with 95% confidence interval of 

38 to 51. The fossil sample might yet be matched by undiscovered or 

unanalyzed samples of the modern pollen rain. But a plant community 

exhibits sufficient homogeneity that I do not expect very many new 

samples to exceed the confidence limits of the extreme sample used
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above to Illustrate the case. One could not conclude that a fossil 

Ephedra sample statistically exceeding the confidence limits of the 

modem sample will never be matched by the natural pollen rain. One 

could conclude that this will rarely happen and that the distorted 

nature of the fossil Ephedra sample probably had cultural cause.

The following assessment of pollen spectral distortion at the 

Hay Hollow Site was intended to test the hypothesis that the pollen 

found there represented the regional upland pollen rain from a natural 

plant community.

Cheno-ama

Three spectra from the floor of house 32 equaled or exceeded 

79% cheno-ams, while many spectra from the cooking pits approximated 

80%. A spectrum from under a hand grinding stone had 90% cheno-ams 

(Table 5). The 95% confidence interval associated with the highest 

normal cheno-am frequencies (52 to 65) failed to overlap with the 

confidence interval for a frequency of 79 in the prehistoric samples 

(72 to 84). Other investigators also reported no normal soil surface 

frequencies of cheno-ams higher than 59% on the Colorado Plateau 

(Hevly 1964, p. 45; Schoenwetter and Eddy 1964, p. 68). Frequencies 

above 79% were not attributable to sampling error and probably repre

sented pollen spectral distortion.

Cheno-am pollen spectral distortion might have been created by 

pollen deposited from cheno-am seed testa or coats. Much pollen from 

dehiscing anthers accompanied modern goose-foot (Chenopodlum dissicatum) 

seeds beaten from inflorescences (Table 6). Less pollen came from
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prostrate pigweed seeds, although if repeatedly used in one location 

pollen might accumulate. Other species of Amaranthus and other Cheno- 

podiaceae (Table 1) could leave a distorted cheno-am pollen frequency 

if the seeds were used by man. Other early agriculturalists used 

amaranth seeds (Jones and Fonner 1954, p. 95). At the Hay Hollow Site 

the recovery of cheno-am seed fragments from the same prehistoric sedi

ment samples that yielded distorted frequencies of cheno-am pollen 

indicated that the prehistoric pollen was probably deposited from seed 

carriers.

The explantaion of the high frequencies of cheno-am pollen in 

cooking pits could be more complex. For example, the Hop! packed 

Chenopodlum herbage around yucca fruits prior to steaming (Nequatewa 

1943, p. 19). However, the richly documented use of herbaceous cheno- 

ams for seeds or greens, summarized by Castetter (1935) and by Jones 

and Fonner (1954), seemed a more likely explanation.

Mormon Tea

Fossil pollen of Mormon tea (Ephedra torreyana type) in one 

floor pit (G.9048-6) of house 17 was excessive (44.5%). One might 

hypothesize the former presence of Mormon tea just exterior to the 

house, but the Ephedra frequency of only 2.5% in a sample from the 

entryway would be discordant. The latter frequency resembled the many 

modem surface samples in the juniper grassland (2.5-5%, Hevly 1964, 

p. 35). A frequency of 2.5% was too low to be mistaken for the fre

quency of 26.5% Ephedra from a modem transect that passed near the



shrub (G.9147). The combined evidence, although not revealing the 

specific reason, suggested a culturally caused pollen distortion.

Other archaeological sites in the Hay Hollow Valley also exhi
bited frequencies of Mormon tea pollen greater than 25%, particularly a 

pit house floor and some refuse from Carter Ranch Pueblo (Hevly 1964, 

Fig. 16). High percentages of Mormon tea pollen in the Bonfire Shelter 

near Del Rio, Texas, suggested its utilization as early as 10,000 B.P. 

(Hevly 1966).

Southwestern Indians commonly used Ephedra for tea (Robbins, 

Harrington, and Freire-Marreco 1916, p. 46; Stevenson 1915, p. 67; 

Whiting 1939, p. 63; Vestal 1952, p. 14). The Navajo at Chaco Canyon, 

New Mexico, burned Mormon tea in the firepit with the hair of buffalo, 

wood rat, and bats to form a curative smudge (Elmore 1944, p. 24).

Cholla Cactus

The low prehistoric frequency of cholla cactus (Cylindropuntia) 

pollen in spectra from the Hay Hollow Site was not easily interpreted, 

for the low percentage might conceivably be considered the same as those 

modern soil surface counts (Hevly 1964) containing no identifications of 

cholla or prickly pear pollen. The ground beneath one healthy Whipple 

cholla yielded only 3% cholla pollen (G.9058, Table 2). The 9% cholla 

pollen from the bottom of a prehistoric cooking pit was regarded as 

strong evidence for use of the plant because the frequency exceeded the 

95% confidence limits of the modem cholla frequency. The cholla pollen 

in prehistoric house floor spectra probably was introduced by man.

40



particularly when modern cholla pollen was demonstrated to cling to 

fruits and joints and modern Indian use was considered.

The Pueblo Indians ate several species of cholla. Whipple 

cholla was almost the only vegetable food obtainable during the early 

spring when Hop! food supplies were low (Whiting 1939, p. 86). The 

Hop! used both the buds (Nequatewa 1943, p. 19) and the fruit; the Zuni 

ate the fruit raw or stewed (Stevenson 1915, p. 69). The stems and 

fruits of club cholla (Opuntie clavata) as well as the joints of 

0. imbricate were roasted and eaten in times of food shortage by the 

Acoma and Laguna (Castetter 1935, p. 35).

Apparently the Hay Hollow inhabitants gathered more than one 

species of cholla. The variance of the diameters of cholla pollen 

from the excavation and the variance of pollen diameters from the modern 

fruits and joints of Whipple cholla showed significant differences. 

Presumably the fossil record reflected a mixture of two or more popu

lations . See Table 7.

Perhaps another cholla species formerly grew in the Hay Hollow 

Valley along with Whipple cholla. Cane cholla (0. spinosior) of south

eastern Arizona now extends into the ponderosa pine of the Mogollon Rim 

country (Benson 1950, Fig. 7); 0. imbricate is common in neighboring 

New Mexico. Maybe the plant intermediate between these two species, 

collected in the upper Gila Valley (Ibid., p. 30) is a relict of a 

former conspecific distribution near the Mogollon Rim. Club cholla 

might also have grown in the Hay Hollow Valley at one time, as the 

species exhibits an irregular modern distribution in northeastern

41
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Table 7. Individual measurements of prehistoric cholla pollen 
diameters and comparison of their mean and standard 
deviation with modern Qpuntia whipplei and 0. imbricate.

Geochron. Cat. No. Diameter in p

9048-9 58.5

9071-5 56, 70

9077 67

9090-3 45, 50, 50, 50, 52.5, 60, 60, 65, 
85, 100

9096-5 42.5, 45, 50, 50, 55, 62.5

9104-2 62.5

9105 62.5

9116-2 75

9129-3 87.5

Countia spp. fossil x 58.5 + 22.2 (w24)

Op untie whipplei x 63.6 + 6.0 (n-24)

Opuntia imbricata x 80.6 + 4.7 (n=100)
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Arizona (Ibid, p. 42). A study of the pollen morphology of the four 

chollas might clarify the nature of the prehistoric cholla pollen size 
variance.

Long-Spine Compositae

In general, the long-spine Compositae fossil frequencies ranged 

from 0-4% (Table 4 and 5). One provocative exception of 20.5% came 

from under the grinding stone in house 20 (G.9040-1). Although the 

frequency approached the 22% long-spine Compositae in a modern sample 

from Hay Hollow Valley (Hevly 1964, p. 45) and that from a sunflower 

meadow (G.9066), the fossil sanple included 6.5% maize, unusually high 

frequencies of grass (19%) and low frequencies of cheno-ams (22%) which 

all invited suspicion of cultural distortion.

The largest number of plant species in one family in Arizona 

belong to the Compositae (Kearney and Peebles 1960, p. 26), and most of 

the Compositae belong to the entomophilous long-spine pollen type. In 

the absence of any simple morphlogical criteria to distinguish among 

the species composing the long-spine Compositae pollen type, the inter

pretation of this prehistoric pollen type is vague.

A review of the literature concerning the long-spine Compositae 

revealed that the Zuni ground Aster coerulescens. A. hirtifolius. and 

Zinnia grandiflora for medicinal use. They pulverized the yellow rays 

of Helianthus annuus and Pallostrophe tagetina on the family milling

stones to paint masks and bodies for ceremonial dances (Stevenson 1915, 
p. 43, 45, 55, 97).
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The Zuni also toasted wild sunflower achenes or shells and 

cracked them on the grinding stone to remove the seed (Cushing 1920, 

p. 252). The use of sunflower seeds apparently has a long history, for 

the achenes were recovered from the Carter Ranch Pueblo ruins (1050- 

850 B.P.) near Snowflake (Cutler 1964, p. 234). Because I had recovered 

pollen from Helianthus achenes (Table 6), I believed a similar pollen 

residue from achenes could accumulate on the prehistoric milling stone.

Grass

Like the long-spine Compositae, the grass (Gramineae) count of 

19% from the same grinding stone suggested possible distortion in the 

normal pollen rain. The similarity between the 19% grass pollen and 

the highest individual surface sample count of grass (Table 2) did not 

permit distinction in terms of the 95% confidence interval of the 

binomial distribution. Yet, most of the grass pollen was small (18-20 |i) 

and in clumps (each clump was counted as a single grain). Though the 

house 17 entryway had 6.5% grass pollen, it was not homogeneous in size. 

Neither of the other two houses exhibited such a high frequency of grass 

pollen. What species might have been represented?

To narrow the range of candidates from the 369 grass species in 

Arizona (Kearney and Peebles 1960, p. 26), I compiled a list of common 

grasses of the area (Shreve 1951, p. 15; Hevly 1964, p. 25; Humphrey 

1955, p. 52-68) and searched the literature for a matching genus with 

small diameter pollen (Geisler 1945, Jones and Newell 1948). All 

species in the University of Arizona Geochronology Pollen Herbarium
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were examined. Due to the deficiency of material such a procedure was 

vary incomplete. The investigation suggested, however, that the genus 
could have been Sgorobolus.

A number of arguments favor the identification of grass pollen 

from the grinding stone as alkali-sacaton (Snorobolus airoides). The 

mean diameter of alkali-sacaton pollen (23 + 1.6 |i; n=50) approximated 

the unknown, especially when allowance was made for the shrinkage of 

fossil pollen. High concentrations of alkali-sacaton pollen adhered 

to modern seed (Table 6). If the seed were milled, the pollen could 

be residual on the grinding stone. This explanation seemed plausible, 

since the sandstone grinding slab that harbored the grass pollen concen

tration was sufficiently fine-grained to mill small grass seed. More

over, the grass grows conveniently near the Hay Hollow Site today, and 

quantities of alkali-sacaton were traditionly collected by the Hopi 

(Pueblo Indians) in times of famine (Whiting 1939, p. 66).

Other Arizona grass pollen grains are equally small, but the 

taxa such as Leersia oryzoides. Phragmites communis and Calamagrostis 

sp. (Geisler 1945) are infrequent. Oryzopsis hymenoides. a widespread 

food (Jones 1938), was excluded from consideration since its pollen 

diameter was too large.

Maize

At the Hay Hollow Site the identification of prehistoric maize 

(Zea mays) required differentiating this large pollen from the pollen 

of native grasses. The Hordeae Tribe tends toward large pollen 

(Wodehouse 1935, p. 308). For example, Lycurus phleoides from 7.3
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*11$* west of Taylor, Arizona, had a mean pollan diameter of 47.2 jh 3.8 p 

(b-10). Two other members of the Hordeae Tribe might grow in the area, 

Agropyron deeertorum and A. smithli (Humphrey 1955, p. 68; Shreve 1951, 

p. 15). While no measurements were available on the former, the latter 
pollen averaged 47.5 p in diameter in glycerine jelly mounting medium 

(Jones and Newell 1948, p. 141).

The preceding data suggested an overlap in size between the 

smallest fossil maize pollen and the modern grass pollen. On the other 

hand, in the analysis of modem surface samples at the site and from 

the area (Table 2), large grass pollen was only encountered in a meadow 

sample close to the cultivated grass (G.9066). A low natural frequency 

signifies a low probability of reflotation (repeated deposition and 

being airborne by recurring wind). The larger sized prehistoric grass 

pollen (>50 p) is apparently maize.

Different races of maize vary in pollen size (Whitehead and 

Langham 1965). What race might have been cultivated at Hay Hollow?

A cob fragment of 12 rows and a cupule width of 4.4 mm was likened to 
a small ear like Reventador or similar popcorn (Hugh Cutler, unpublished 

data). The Bat Cave maize and part of the Durango Basketmaker maize 

belong to the Hohokam-Basketmaker complex (Jones and Fonner 1954, 

p. 113).

The connon characteristics embodied in the above maize nomen

clature are shared by Chapalote maize (Nickerson 1953, p. 106), but 

the size of the Chapalote pollen is not well known. The International 

Maize and Wheat Improvement Center, Mexico, D.F., kindly supplied me
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with Chapalote maize seed, descended from Sinaloa 2 (Wellhausen, Roberts, 

and Hernandez 1952, p. 216). Five stalks grew to maturity at Snowflake, 

Arizona, under conditions of adequate moisture in 1967. Twenty pollen 

grains from each of five plants averaged 76 + 6 p (n=100) in diameter. 

Since environmental factors during growth influence the mean size within 

a race (Kurtz, Liverman, and Tucker 1960), only data from nearby Snow

flake were used.

If Chapalote maize was grown at the Hay Hollow Site prehistori- 

cally, the mean diameter of the pollen (63.5 + 3 p, n-50) implied a 

shrinkage to 83.6% of its modern size. Estimates of shrinkage are dis

cussed in greater detail in the section on pine saccus breadth.

Indirect methods, as well as the deliberate gathering maize tas

sels (Cutler and Meyer 1965, p. 142), would introduce maize pollen into 

prehistoric living areas. Modern experiments demonstrated how maize pol

len could be introduced into a house indirectly. In July, 1967, I har

vested 24 ears of maize (Bantam Hybrid Sweet) and used a water jet to 

rinse the surface debris from the husk into a clean jar. Without wash

ing my hands between operations, I continued to husk the maize. After

wards another jet of water was directed over the husked ears and saved. 

The resultant pollen concentrations showed approximately twice the 

amount of pollen on the husks as on the kernel surface. Apparently ears 

of maize are pollen carriers at any stage of harvest or preparation.

By comparing the frequency of maize pollen within the site, I 

believe (as a working hypothesis) that frequencies of 5% or more indi

cate a concentrated utilization of maize or maize products in a
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particular location. Perhaps the best evidence came from the 6.57. maize 
on the grinding stone (G.9040-1) already implicated in economic activity. 

The maize frequency in many spectra from the house floors was much 
lower. The one striking exception was the 49% maize in the entryway 
of house 17 (G.9048-10). The high frequency was as much an enigma as 

the condition that preserved the cell contents of maize pollen. Maybe 

roasted maize ears were temporarily stored at the entry (See Fig. 8).

Pinvon Pine
If the seeds of cheno-ams or the husks of maize serve as pollen 

carriers, would this also be true of the pinyon seeds that the Indians 

collect today? I rinsed 150 ml of pinyon seeds obtained from a trading 

post on the Hop! Indian Reservations. Since pinyon leaves were mixed 

with the nuts, I assumed that the lot was not cleaned prior to seeking.

I repeated the washing procedure with 100 ml of pinyon seeds I gathered 

from the ground 7.3 miles west of Taylor, Arizona. Both experiments 

yielded a few fungal spores but nett pollen. If prehistoric people were 

storing pinyon seeds in their homes or cracking the shells on a milling 

stone, the likelihood of leaving a pine pollen residue seems extremely 

small. The Navajo sometimes gathered pinyon and ponderosa pine pollen 

for ceremonial use (Vestal 1952, p. 13-14), but I have found no such 

use by Pueblo Indians, likely descendants of the Hay Hollow people.

General

The hand grinding stones and grinding slabs, like the outdoor 

pits, did or did not harbor a distorted pollen record, depending on for



Fig. 8. House 17 at the Hay Hollow Site. Arrow points north; meter stick in background. Entrance, 
facing east, is at left of the photograph. Basin shaped fire pit lies between long wall 
of slabs to the west of the entrance and the arrow. Photograph courtesy of the Field 
Museum of Natural History (negative 103015).

vo
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what the atones were used and for how long. For example, the use of one 

hand grinding stone (G.9069-1) for cheno-ams seemed apparent from the 

cheno-am pollen frequency. Yet, the nature of the distortion on another 

hand milling stone (G.9069-3) was more difficult to assess due to the 

relatively normal appearance of the herbaceous portion of the spectrum.

The general purpose house floor receives such a mixture of 

pollen resulting from cultural utilization of herbs that their inter

action could nullify all except the lowered arboreal frequency. House 

25 illustrated this. Its age (2030 + 80 B.P.) approximated that of 

house 17 (Table 14), yet its pollen spectrum differed markedly. Still 

another example of possible suppression of the natural pollen rain was 

afforded by comparing the entryway of house 17 with its own interior, 

once the distortion of maize pollen was removed (Table 5). Larger 

amounts of grass and sagebrush pollen were recorded nearer the entryway 

than towards the house interior. Presumably a prehistoric house floor 

may contain an altered record of either the herbaceous or arboreal 

pollen, or both.

In order to examine other pollen variables, Mehringer and Haynes 

(1965) based environmental interpretation of an early man site near 

Hereford, Arizona, on a second pollen sum that omits cheno-ams and 

Compositae. Hevly (1966) employed a similar method at another early 

man site near Del Rio, Texas. He followed the complete first count by 

a second one with Ephedra excluded, and then by a count omitting other 

economic pollen.
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Although Hevly (1964) dismissed the contribution of economic use 

to the pollen sum, he applied other criteria (i.e. ratio of large/small 

pine) to supplement his interpretations. Schoenwetter and Eddy (1964) 

purported to omit the economic pollen from their paleoecological study. 

Martin and Byers (1965) recognized that secondary plant succession 

following cultural disturbance in an archaeological site might create 

a false impression of climatic change. Martin and Mehringer (1965) 

summarized the difficulties in deciphering pine percentages in the 

Southwest that arise from fluctuations in herbaceous cover.

A pine percentage problem similar to the one created by normal 

herbaceous cover arises from the artificial enrichment of house floors 

with non-arboreal pollen. Samples from prehistoric pits with the least 

evidence of pollen distortion exhibit higher percentages of pine pollen. 

Since the identifiable cultural distortion in the spectra is confined 

to non-arboreal vegetation (cheno-ams, cholla, Mormon tea), the omis

sion of distortion raises the pine count (Cf. also Hevly 1966, p. 171). 

Typical examples of the increased pine percentages came from pits 

G.9090-3, G.9094, and G.9077.

When the pollen frequences from the three pits were averaged, 

the derived percentages formed a spectrum of 16.8% pine, 52.5% cheno- 

ams, 20.5% short-spine Compositae, and 3.3% Mormon tea (Fig. 3). The 

mean spectrum may represent the best approximation of the regional 

upland pollen rain, but unfortunately it leads to no single environ

mental interpretation without supplementary evidence.
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Independent estimates of the Natural Environment

The three spectra selected for their greater reliability (above) 

had low frequencies of pine and high frequencies of cheno-ams when com

pared to the modem Hay Hollow spectrum (Fig. 3). Either the retreat of 

pine woodland or the increase in herbaceous cover could account for the 

lower fossil pine frequency. High fossil cheno-am frequencies could 

still be equated with either the mesic swale or the xeric saltbush- 

grassland community. Clearly, the modern comparisons alone do not 

contain the key to environmental interpretation at the Hay Hollow Site.

Additonal evidence was used to evaluate alternative hypotheses. 

Individual pollen types such as pine, cat-tail, and evening primrose 

provided more environmental information. The cheno-am pollen distortion 

merited consideration from an ecological viewpoint. The plant macro

fossils deserved examination from the standpoint of environment. After 

these estimates of the natural environment were used to weigh the alter

native hypotheses explaining the prehistoric pollen frequencies, the 

combined spectrum from the three pits was again evaluated.

Pine Saccus Breadth

As an artificial introduction of pine pollen was unlikely and 

as only two species (Firms ponderosa and edulis) were expected, I 

sought to separate the two on the basis of bladder breadth, and to use 

their pollen frequencies as the estimate of the past position of the 

pinyon-juniper woodland border.

Detailed studies of pine pollen utilizing saccus breadth were 

conducted recently in the eastern United States (Whitehead 1964) and
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in California (Ting 1966). Martin (1963) attempted to interpret fossil 

pine pollen size changes in Arizona. Hevly (1964) also used saccus 

breadth to help identify the frequency of small pine (cf. pinyon) in 

surface samples. He determined the frequency of small pine pollen in 

grassland, woodland, and forest conmunities. The frequency of small 

pine pollen decreased as one went upslope from pinyon into ponderosa 

forest, an anticipated result. It also decreased (relative to large 

pine pollen) as one went downslope from pinyon woodland to the Little 

Colorado River and the Painted Desert, a less expected result. Hevly's 

work suggested that high frequencies of small pine pollen were directly 

related to the proximity of pinyon-juniper woodlands.

In the spring of 1967 I collected fresh pollen from 26 ponderosa 

pine trees representing three site conditions. On June 10 I gathered a 

mixed sample of pollen from 10 ponderosa pines growing in clusters in 

the driest uplands along the Taylor to Pinedale road (G.9156) and pollen 

from each of four ponderosa pine trees growing in a healthy stand in an 

intermediate habitat 4 miles south of Forestdale, Arizona (G.9169).

On June 19 I harvested pollen from each of 10 ponderosa pines growing 

in a mesic roadside environment close to Show Low, Arizona (G.9161).

Measurements of saccus breadths between the two extreme environ

ments of ponderosa pine yielded significant differences (Table 8 and 

Figure 9). In addition pairs of sacci from the raesic site always 

evinced equal breadth; this was not the case in pollen from the drier 

locations. Since the smaller saccus of a lopsided pair was extremely 

variable in size, the larger bladder was always measured.
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Table 8. Fine pollen aaccua breadth me ana and atandard deviations for 
individual trees and for several populations of ponderosa 
pine growing in different habitats.

Geochron 
Lab. No. Mean in p + SD n

9161-1 45.00 + 3.24 20

9161-2 45.38 + 3.29 20

9161-3 40.25 + 3.97 20

9161-4 44.38 + 4.20 20

9161-5 42.00 ±  3.59 20

9161-6 47.63 + 3.93 20

9161-7 40.63 + 1.97 20

9161-8 42.00 + 2.64 20

9161-9 41.00 + 2.97 20

9161-10 41.88 + 3.23 20

9161
Hesic Habitat 
Composite 43.01 + 4.19 200

9156
Xeric Habitat 36.01 + 4.28 200

9169
Intermediate
Habitat 40.15 + 3.25 100
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Ponderoea from me sic habitat (n-200)

Ponderosa from xeric habitat (n-200)

Pinyon (n-280)

20 30 40 50 60 n

Figure. 9. Graph of saccua breadth frequencies of ponderosa and pinyon 
pine. The horizontal line indicates range: the peak in the 
bar, the mean; the dark bar twice the standard error of the 
mean; the white bar, one standard deviation on each side of 
the mean.
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June 1967 pinyon pollen production suffered from the drought of 

the previous winter. From October 1966 to May 1967 the Snowflake 

weather station reported 3 inches of precipitation (U.S. Dept. Commerce 
1966 and 1967). Consequently, most pollen-bearing trees were found 

near road shoulders that accumulated extra runoff. On June 19 I 

gathered pollen from 14 pinyon trees growing along an elevational 

gradient between Taylor and Pinedale (G.9157 to G.9159 and G.9162).

At no two points could a set of five pollen-bearing trees be found to 

compare variance within a stand. Twenty grains from each of the 14 

trees were measured and combined to yield a saccus mean of 31.35 

+ 3.07 p (Table 9 and Fig. 9).
Modern pollen measurements indicate that pine bladders 5 30 p 

broad can be assigned to pinyon with fairly high confidence. Some 

small pollen grains from ponderosa pine growing on extremely dry sites 

might be included with pinyon. The frequency of saccus breadth 

< 30 p was recorded from a variety of soil surface samples (Tables 

10, 11, and Fig. 10). By using 1,000 observations of saccus breadths 

within a modern plant community (Table 11) the 95% confidence limits 

of the small pine saccus frequency were narrowed to statistically 

discriminate between each plant community (Table 12).

The Hay Hollow Site with its modern juniper, extremely low 

density of pinyon, and lack of herbaceous cover, presented difficulty 

in assignment of plant community. However, the frequency of small 

pine saccus breadths demonstrated the close relationship of the Hay 

Hollow Site to the grassland (Table 12), with or without juniper.
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Table 9. Pine pollen saccus breadth means and standard deviations from 
14 pinyon pine trees growing between Pinedale and Taylor, 
Arizona, in 1967.

Geochron 
Lab. No. Mean in p + SD n

9157-4 31.88 + 2.91 20

9157-5 29.63 + 3.27 20

9158-1 33.50 + 2.35 20

9158-2 30.38 ±  2.03 20

9158-3 32.35 + 2.13 20

9158-4 33.00 + 2.99 20

9158-5 32.50 + 2.15 20

9158-6 30.00 + 3.44 20

9159-1 31.75 + 2.94 20

9159-2 31.50 ±  3.92 20

9159-3 31.63 +  3.17 20

9159-4 31.63 + 2.60 20

9162-1 29.00 +  2.97 20

9162-2 30.25 +  2.55 20

Composite 31.35 + 3.07 280
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Table 10. Pine pollen saccus breadth frequencies of modem surface

samples from the Hay Hollow Site.

Ceochron Cat.
b

9060
c d e a b

9061
c d e

AVerage
Frequency

in 4 

65.0 i .1
62.5 1 -- .1
60.0 i .1
57.5 i .1
55.0
52.5
50.0
47.5 — — 1 1 i -- — 1 -- i .5
45.0 1 5 — 4 5 4 4 3 1 6 3.3
42.5 9 4 8 10 5 3 7 6 6 9 6.7
40.0 13 8 18 15 12 10 15 15 9 15 13.0
37.5 4 21 16 12 17 9 16 22 23 25 17.0
35.0 11 13 14 10 15 18 17 18 9 13 13.8
32.5 17 14 12 12 11 15 10 11 11 9 12.2
30.0 10 12 10 16 17 7 13 12 20 7 12.4
27.5 15 13 15 13 11 15 11 10 12 7 12.2
25.0 13 8 3 4 3 14 5 1 7 5 6.3
22.5 4 2 2 3 3 2 2 1 1 1 2.1
20.0 2 -- 1 — — 3 1 .7
17.5
17.5 1 .1

Total 
frequency 
f 30n 45 35 31 36 34 41 31 24 40 21 33.8
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19
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11
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9062 9063 9064-4 9065-3 9066 9139 9140 9141 9142-1 9142-2 9142-4 9143 9144 9145 9146 9147 9148

Table 11. Pine pollen saccus breadth frequencies of modern surface samples near Snowflake, Arizona.

9149 9150 9151 9152 9153 9154

-- — -- — — - - --

—— -- --

1 
1 

r-4
1 

1

2
1
1

--

— — -- 2 — — --
— 3 1 7 -- -- --
1 9 — 5 11 2 5
3 7 2 11 7 6 6
19 15 11 14 19 14 17
9 14 1 16 10 9 3

19 21 10 8 17 18 23
17 5 9 11 7 8 15
7 9 20 14 10 15 12
14 5 19 4 12 15 8
10 9 19 5 5 8 6
1 3 5 1 — 2 2

— — 2 1 — — 3

—
1

— —
1

32 26 66 25 27 41 31

2
10
11
21
6

18
5

15
7
4
1

3
4 
10 
12
9
10
15
14
15 
4 
3

1
2
5
11
5 
7
14
9
31
9
6

5
2
14
5
18
11
23
9
9
2

17
5

25
9
12
10
11
1
1

2
13
14 
17 
11
15 
9
10
5
4

3
6
6
20
7
17
9

15
11
5

1
4
5 
9 
8
15
9
23
11
9
4
1
1

—
-- -- — — •• — —

••
«■«>

i -- *“ *■
1

i i 1 1 1 — 3 2
4 i 1 3 2 6 4 3
10 5 9 1 5 3 5 8
8 13 5 8 4 5 13 14
13 12 12 12 8 7 22 21
15 24 11 12 13 17 15 23
13 9 20 12 16 10 12 7
11 13 9 16 19 8 8 12
13 10 10 10 12 15 11 3
2 5 16 17 11 16 5 5
6 6 6 6 8 9 1 1
2 1 -- 2 — 4 — 1
1 — -- -- 1 — —— --

-- -- — -- — — — —
-- — ■ ™ — — — --

24 22 32 35 32 44 16 10



42 .

Plnyon-Juniper

Woodland

Ponderosa Plne>% 
Forest

Plnedale 
6,400 ft alt

Pinyon-Juniper 
Woodland

Transitional
Vegetation
0 1 mi

60

Taylor

66* f* 35

Juniper-Grasa1 «md

to SHOW

* sampling transect
Bull Hollow

1 I corral
-- -L

Fig. 10. Modem pine pollen saccus
breadth frequencies < 30 n 
mapped according to origin of 
surface sample near Snowflake, 
Arizona.



61
Table 12. Small pine pollen saccus breadth ( 5  3Op) frequencies with

95% confidence limits for modern surface sanples In major
plant communities near Snowflake, Arizona.

Plant Community 

Ponderosa Pine

Plnyon-junlper

"Juniper-grassland11 
of the Hay Hollow 
Site

Geochron Cat. No. Frequency 95% Confidence 
Limits

9066 27 19-37
9144 19 12-28
9153 16 9-25
9154 10 5-18

mean 18.0 14-23
9057-6 42 32-52
9064-4 66 56-75
9142-1 51 41-61
9142-2 46 36-56
9142-4 45 35-55
9146 49 39-59
9149 32 25-42
9150 35 26-45
9151 32 23-42
9152 44 34-54

mean 44.2 41-47
9060 a 45 35-55
9060 b 35 26-45
9060 c 31 22-41
9060 d 36 27-46
9060 a 34 25-44
9061 a 41 31-51
9061 b 31 22-41
9061 c 24 16-33
9061 d 40 30-50
9061 e 21 14-30

mean 33.8 31-37
9062 32 23-42
9063 26 18-36
9065-3 25 17-35
9139 41 31-51
9140 31 22-41
9141 27 19-37
9143 35 26-45
9145 31 22-41
9147 24 16-33
9148 22 14-31

mean 29.4 26-32

Grassland



62
The 95% confidence limits of the mean frequency of small saccus breadths 

from the Hay Hollow Site offered only Incomplete differentiation from 
the grassland.

Chi-square tests of independence on saccus breadth frequencies 
showed significiant differences in all except the samples from the 

grassland. This apparently was not due to sampling a poorly mixed 

pollen extraction, for I would have expected significant values to 

occur in all samples, regardless of plant community of origin. It 

also seemed unlikely that these significant differences were all due 

to the introduction of fragments of pollen-bearing strobili or cones 

into the soil surface sample, for no pinyon trees grew within 30 feet 

of the sampling transects of the Hay Hollow Site. Yet repeated samp- 

ling from the two surface samples produced significant X values. Such 

excessive values apparently reflect the charactheristics of surface 

samples associated with pine communities, at least at their lowermost 

borders.

The lowermost limits of the pinyon-juniper woodland were repre

sented in 70% of the samples, which derived from open, grassy areas at 

or near its border. I selected modern grassland ecotones because the 

modem pueblos of Hop! and Zuni and many pueblo ruins are located near 

the transition to the woodland from the grassland.

One-half of the spectra from the pinyon-juniper woodland came 

from transects in Bull Hollow, where a few ponderosa pines grew on 

slopes at the lowermost border of the pinyon-juniper woodland. The 

mixture of two pine species might have produced different frequencies
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A calcareous environment of deposition and the hydroflouric acid 

used in extraction may promote pollen shrinkage (Anderson 1965). If the 

mean for modem pinyon pollen saccus breadth is correctly interpreted 

as 30 p, the requisite 49.5% of normal population of all surface pinyon 

bladders will fall within three standard deviations below the mean.

After affirming this, I defined the pinyon in my surface samples as 

being < 30 p in saccus breadth.

A comparison of the lowest size classes of the modern and pre

historic surface samples for saccus breadth (Table 10, 11, and 13) 

demonstrated the existence of still smaller size classes in the archaeo

logical material (Table 13). The chemistry of the enveloping prehis

toric sediment probably induced greater saccus shrinkage than at the 

soil surface.

of pine saccus breadth in surface saaples from Bull Hollow.

A conversion factor calculated from a local distinctive pollen 

that had a modern and prehistoric counterpart would have been most 

desirable. Maize pollen was tentatively considered for this purpose. 

Assuming that Chapalote maize was grown, I calculated a conversion 

factor of .836. This conversion factor lowered the pinyon mean from 

31.35 to 26.2, and the nearest class interval became 25.0 p. The size 

reduction was apparently too extreme, for tests to determine if 49.5% 

of all sacci were within three standard deviations below a mean of 

27.5 p proved satisfactory. Thus a conversion factor of 27.5-4- 31.35 

or .877 seemed appropriate with one exception. It will be considered 

in the section on the burial.



Table 13. Pine pollen saccus breadth frequencies of the prehistoric
surfaces of the Hay Hollow Site.

n-100

Geochron Cat. No.
House

9048-9
17
9048-9

House
32

Pit
9090-3

Pitt
9094

Breadth in p
65.5 — -- — -- —
65.0 — — —-
62.0 •• •• — -- —
60.0 •• — — — —
57.5 -• •• — -- 1
55.0 ~ — — —
52.5 2 — 1 —
50.0 — — — 1
47.5 — — 3 3
45.0 3 2 1 3 4
42.5 3 8 5 13 11
40.0 3 10 3 13 9
37.5 13 5 18 19 13
35.0 8 7 11 9 11
32.5 14 14 18 9 12
30.0 17 8 15 12 11
27.5 14 16 10 8 8
25.0 12 16 9 5 8
22.5 11 6 6 3 3
20.0 3 4 2 1 4
17.5 1 2 1 1 1
15.0 — — 1 —

Total
frequency
<27.5p 41 44 29 18 24

951 conf. 
limits 36-•49 20-39 11-27 16-34
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The analysis of the presumed archaeological pinyon frequencies 

indicated that during the early occupation of the site pinyon trees were 

probably present, while toward the end there were less pinyons than 

today (Table 14 and Fig. 11). The confidence limits of the pinyon 

frequency in house 17 did not allow determination whether pinyons were 

dense enough to constitute a pinyon-juniper woodland. However, I think 

this is the most likely alternative wnen the evidence in the sections 

on cat-tail and cheno-ams is also considered.

Why the decimation of the pinyon trees? One possibility was the 

failure of the trees to maintain the same density due to climatic 

change. Since mature pinyons range in age from 75 to 200 years (Powells 

1965, p. 401), and assuming the average life span of a pinyon to be 

100 years, one might expect directional changes in density to be detec

table at 100 year intervals. If any apparent shift in density during 

the habitation of the site was due to climatic factors, there would 

have been a maximum of five (100 year) generations of pinyon to consider. 

To eliminate pinyons from the site in five generations would have re

quired a persistent, severe, directional change in climate. If such 

severe selection against pinyon were caused by winter drought, man 

might still have been able to occupy the site by harvesting crops grown 

with summer rain. If the pinyon disappeared because of summer drought, 

the conditions for agriculture would probably be so severe that man 

could not occupy the site.

Pinyons also die when debilitated by the combined effects of 

drought and insects. Bark beetles may attack drought weakened pinyons



Table 14. Interpretive summary of prehistoric small pine pollen saccus breadth ( S 27.5n) 
frequencies with dates.

Frequency 95% confidence
Description of small sacci limits Plant Community C14 yrs B.P. IS

House 17, G.9048-9 42.5

House 32 (composite 
of G.9067-2, G.9069-3,

36-49 plnyon-juniper 
or

modem si tel*
2095 + 105 
1995 + 100 
1895 + 110

G.9071-5 29 20-39 modem sltel * 
or 1030 + 80

grassland 1920 + 75

Pit G.9094
(30051815) 24 16-34 modern site1, 

or
grassland

Pit G.9090-3
(33853825) 18 11-27 grassland 1720 + 90

1. The modem Hay Hollow Site is characterized by junipers, and extremely low density of piny on 
trees and a lack of herbaceous cover.

o>
&>



Fig. 11. Firepit G.9090-3 at the Hay Hollow Site. Arrow (50 cm) points north. Pine saccus
breadth frequencies from pit indicate fewer pinyons growing at the site 1720 + 90 B.P. 
than today. Photograph courtesy of Field Museum of Natural History (negative 101351).
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■xj



and kill them within two years, as they did near Galisteo, New Mexico, 
in 1951.

Still another possibility for pinyon destruction is man himself. 

Pinyon could be used in house construction or as fuel for the abundant 

outdoor cooking pits. Perhaps man's careless use of fire destroyed 

the pinyon-juniper woodland.

Pollen in a Burial

The evaluation of the pollen from the burial (Table 15 and 16) 

proved more difficult than one might first expect. The 85.5% pine 

might have been explained as originating from pollinating trees, or 

as a ceremonial burial offering of pollen. Butt if either were the case, 

one might expect that all the pine pollen should have been equally well 

preserved. Two distinct states of preservation of pine pollen (Fig. 12) 

demanded a closer consideration of theoretical mechanisms for transport 

and deposition of pollen and excavation of a shallow pit during the 

season of pine pollination.

Turbulence disperses pollen more effectively than any other 

meteorologic factor (Gregory 1945). It may be mechanical or thermal. 

Mechanical turbulence originates in friction between the wind and 

ground. On the other hand, the heating of the ground, with its conse

quent emission of longer radiation, helps create thermal turbulence 

through the rapid increase of air temperature nearest the ground. 

Subsequent convection currents lead to turbulent mixing of the lower 

atmospheric layers.
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Table 15. Comparison of pollen spectra from the modem surface, modem pit, and prehistoric 
burial at the Hay Hollow Site.

n*200 unless otherwise noted

a u

Geochron

Modem
surface

9060

9061

38

33.5

21.5

28

26

22

1.5

.5

5

4.5

3

2

3

3.5

1

3 1 
1

1 
1 b*

Modem pit 
control 9177-1 43.5 21.5 14 1.5 .5 .5 .5 14 1.5 3

Pit after 
13 days

9177-2a

9177-2b

57

62.5

15

15.5

6

8.5

.5
— —

.5

1.5 1.5

9.5

5

.5 8

.5 3

Burial 9138-6 85.5 8.5 2.5 1 1 2.5
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Table 16. Comparison of pine pollen saccus breadth frequencies of the 

modern surface, modem pit, and prehistoric burial at the 
Hay Hollow Site.

Breadth Modem

Modern Pit 
Control 
(9177-1)

Modem Pit 
after 13 days 

(9177-2)
Prehistoric
Burial
(9138-6)

in u surface Sum* Brod. Normal Sum* Brod. Normal Sun** Brod. Normal
52.5 .3 i -- — —
52.5 -- -- 1
50.0 — """ 1 2 2 2
47.5 .5 3 3 6 1 -- 4 i 1 7
45.0 3.3 5 4 6 3 1 5 4 3 --
42.5 6.7 5 7 11 9 5 12 7 7 10
40.0 13.0 11 8 28 10 1 20 13 12 14
37.5 17 8 10 11 15 14 14 20 14 31
35.0 13.8 11 11 6 10 9 13 7 9 7
32.5 12.2 13 12 11 13 13 10 14 13 14
30.0 12.4 19 18 17 15 15 12 15 19 10
27.5 12.2 9 9 — 9 15 6 6 8 3
25.0 6.3 13 13 6 5 15 2 5 6 --
22.5 2.1 2 2 — 4 7 -- 4 5 —
20.0 .7 3 2 — 2 2 —
17.5 -- 1 1 1 1 -- 1 1 --
17.5 .1

»■ 1,000 100 100 18 100 100 100 100 100 29
Total 

Frequency 
<30n 34 44 43 23 37 55 20 41 42

* Sum column records saccus breadth frequencies in sample irrespective
of the state of preservation of the saccus.



Fig. 12. Pine pollen from the prehistoric burial (G.9138-6). Left: normal or well preserved
pine pollen. Right: eroded or poorly preserved pine pollen. Photograph courtesv
of Dr. Walter S. Phillips (negative 2333-2, 2333-5). y
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A puff of spores or pollen Is continually diluted as one eddy 

or another mixes into the mass of air in which the spores are suspended. 

Spores travel in the direction of the prevailing wind, but the eddying 

diffuses them in all directions, and as time passes the density of the 

spore cloud diminishes. The smaller sized eddies are increasingly 

effective in diluting the pollen suspension as it travels farther.

Such theory shows close predictions for airborne plant infections 

originating from a localized area, as well as conformity with data from 

spores deliberately released from a point source (Ibid., p. 66). Later 

studies by Wright (1953) confirm Gregory’s calculations.

For pollen to be depositied, the spores must cross the boundary 

layer between turbulence and non-turbulence. Turbulence breaks through 

the boundary layer from time to time in the form of eddy currents, 

although the boundary is soon rebuilt. Such an intrusive eddy may 

bring a pollen grain down to the relatively still ground layer or in 

contact with the non-turbulent boundary layer. Here the effects of 

gravity predominate and deposition ensues.

If pollen is not refloated by intrusive eddies, it is subject 

to degradation by the soil water solution. Of 100 pine pollen grains 

collected January 31, 1967, in a soil surface sample from the Hay 

Hollow Site, 72% had collapsed and partly corroded bladders.

In order to clarify the meaning of the pollen extracted from 

the burial sediment, I gouged a pit 4 inches deep near the Hay Hollow 

excavation grid on June 10, 1967, scraping a sediment sample from the 

pit floor (G.9177-1, Table 15) to verify the absence of any pollen from



an older soil surface. The general spectrum from the control sample 

most nearly resembled the surface soil collected in January with some 

modifications. The high frequency of Ephedra torreyana type pollen
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correlated with the pollen type of E. virldls. which I knew was shedding 

pollen that day. The 16% of all pine that appeared fresh could have 

been analagous to the 28% fresh pine recorded in January. The 44% 

pinyon within the eroded fraction either represented a sample from 

the present surface or one refloated from a pinyon-juniper woodland.

If the latter were the case, the source was not near, for the total 

frequency of pine was too diluted by the addition of non-arboreal 

pollen contributed in eddy currents in the intervening land. The 

nearest pinyoa-juniper woodland grows 12 miles southwest, in the 

direction of the prevailing wind that blew that day. The control 

contained no sign of burned wood cells which typify the archaeological 

samples. Known mechanisms of pollen dispersion seem to explain the 

results better than a postulated existence of an older soil surface.

The same pit bottom was again scraped 13 days later on June 23. 

In the meantime my visit on June 19 through the Forestdale Valley,

Show Low and Pinedale revealed that all but a very small fraction of 

the ponderosa pines had released their pollen, and the few pinyons in 

favorable locations were shedding pollen. When John M. Fritz collected 

the sample four days later, the pit should have been exposed to the 

bulk of the pine pollen rain that year. The fact that 47% of all the
V

pine pollen in the sample (G.9177-2),looked fresh was a direct result. 

When a random count of the mixture of fresh and eroded pine pollen from
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the sample was tabulated, the spectrum for saccue breadth closely 

resembled the modern surface spectra (Table 16). When the eroded pine 

fraction was analyzed separately for saccus breadth, 55% was classed 

as pinyon pollen. This frequency differed significantly from the modern 

surface frequency and compared better to the percentage found in a 

pinyon-juniper woodland lying in the direction of the prevailing south

westerly wind.

The 59.8% pine in G.9177-2 was actually biased by the accumu

lation of fresh pollen. When the sample was recounted with all but 22% 

of the fresh pine omitted, the total pine reduced to 49%. Such a fre

quency is intermediate between pine from the modern site (36%) and the 

pine percentage from a pinyon-juniper woodland interior ( >. 58%).

The reflotation via eddy currents of a predominance of herbaceous 

pollen in the interposing country would explain the intermediate 

frequency.

Heusser (1954) reported a similar phenomenon near Juneau, 

Alaska. Daily pollen entrapment data manifested depositions! peaks 

of poorly preserved spruce pollen following high winds and postdating 

the spruce pollinating season.

Pollen analysis of the burial (Table 15) revealed the notably 

high frequency of pine (85.5%). The 19% pine with collapsed bladders 

but otherwise fresh appearance (Fig. 12) could be retained in the 

count as a natural phenomenon, or omitted because man might conceivably 

use fresh pollen as a grave offering. But even when the 19% pine was 

deleted, the pine frequency remained high (69.5%). The high pine



percentage resembled that of surface samples from the Interior of a 

pinyon-juniper woodland (Table 3) or a ponderosa pine forest (Martin 

and Mehringer 1965, p. 438).

In an interpretation of saccus breadth the conversion factor for 

shrinkage again needed consideration. No more shrinkage was apparent in 

the pollen from the burial than in the surface sample pollen, if I judge 

by the lower size classes of saccus breadth present. The humic acids of 

decomposition might cause the pollen to shrink less in the burial sedi

ments than in the more calcareous prehistoric sediments. The subsequent 

calculation of 42% pinyon in the eroded fraction of pine pollen indi

cated that the pine pollen was from a pinyon-juniper woodland rather 

than a ponderosa pine forest.

Why was the burial sample so high in pine pollen? It could be 

that the body was laid onto a fossil soil surface antedating the burial. 

If this were the case, one would still need to explain the 19% well- 

preserved pine and account for the low shrinkage values of pine bladders.

The high fossil pine percentage could also be explained by wind 

travelling over a pinyon-juniper woodland near its modern border 12 

miles distant. Small eddy currents in hypothesized intervening pinyon- 

juniper woodlands would continue to add high percentages of refloated 

pine to the pollen suspension. How much additional woodland would be 

needed to maintain the high pine percentage is unknown, except that it 

probably would be more than today.

The hypothesis of a greater extent of pinyon-juniper woodland 

than today is also consistent with the interpretation of pine pollen

75
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from house 17, which indicated that a pinyon-juniper woodland might have 

been nearby. The dates on the bone collagen of the burial (1870 + 95 

B.P.) are in harmony with the dates from house 17, and make the 

woodland interpretation seem more plausible.

The burial dates are also conceivably equivalent to the dates 

from house 32. If the burial were actually contemporary with house 32, 

then one might question the magnitude of pinyon-juniper woodland 

destruction, which pine pollen from the house floor indicated. One 

would need to qualify the extent of woodland destruction to indicate 

that it probably was a local phenomenon.

Cat-tail Pollen

The presence of cat-tail (Typha sp.) pollen may indicate a 

local pollen source and a prehistoric cultural utilization. Cat-tail 

pollen came from the floor of house 17 and 32 and as a single grain 

from a cooking pit (G.9129-3, n-60). Perhaps the floor mats were made 

of cat-tail or other marsh plants (Jones and Fonner 1954) that retained 

cat-tail pollen. Perhaps pollen clung to the rhizomes or shoots 

gathered for consumption (Castetter 1935, p. 53). It is possible, too, 

that the single grain in the cooking pit was windbome instead of being 

carried on the vegetative portion of the plant. People who used cat

tail for everyday purposes, such as Acoma, Laguna (Ibid.) and the Pima 

(Russell 1908, p. 133) had them available locally. Local use and abun

dance seem to go hand in hand.

If the cat-tail pollen were actually windbome, it probably 

traveled only a short distance. Cat-tail grew in an earthen water
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reservoir near grama and alkali-sacaton grassland in the San Augustin 

Plains of New Mexico, and the cat-tail pollen was collected at the 

adjacent sampling station. Other stations about 7.5 miles distant had 

no record of the pollen type, despite weekly and daily sampling (Potter 

and Rowley 1960). Typha pollen was windbome as far as 32 miles from 

Yuma, Arizona (Hevly et al., 1965), but the lower density of all other 

plant species serves to raise the Typha pollen frequency.

No cat-tail grows in the immediate vicinity of the Hay Hollow 

Site today. Cat-tail might grow closer to Snowflake or Taylor along 

Silver Creek, but my own surface samples and Hevly1s have shown no 

record of it. Cat-tail pollen in the prehistoric spectra imply higher 

local ground water levels than today, even if this means only a small 

spring or seep.

Cheno-ams

The existence of cheno-am distortion in the fossil pollen record 

was used as evidence of the productivity of the natural vegetation. The 

implied food utilization presupposes sufficient abundance. One would 

either need a Jeep or helicopter today to exploit the limited and widely 

scattered herbaceous cheno-am habitats in the area. During a modern 

drought year, there may be no herbaceous cheno-ams whatsoever. More 

regularly available moisture in an average summer must have maintained 

cheno-am populations at a broader distribution in former times than 

today.

The high concentration of cheno-am pollen in house 32 might 

have been due to the longer occupation of the house. It might also
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have resulted from a higher frequency of utilization because of crop 

failure. If this premise were accepted, house 32 contained a possible 

reason for site abandonment. The dates suggested, however, that 

another house was occupied still later (Paul Sidney Martin, unpublished 

data). The high cheno-am frequencies may simply indicate a relatively 

dry, warm climatic interval in which the seed was more abundant.

Periodic fluctuations of dry, warm and moist, cool climate receive 

support from tree-ring evidence for later prehistoric and historic 

periods (Fritts 1965, p. 421).

Evening Primrose Family

Members of the evening primrose family (Onagraceae) are normally 

entomophilous, but when I walk among ankle height species such as 

Oenothera runcinata my shoe tops soon bear yellow daubs of pollen. 

Perhaps Indian feet conveyed the pollen to prehistoric surfaces, if 

the plant did not already grow nearby. The pollen was found in two 

exterior pits (G.9077, G.9083-3) and one house floor pit (G.9071-5).

During my three seasons observing the flora in the Hay Hollow 

Valley, I found no evening primrose. Oenothera runcinata did grow in 

the alkali-sacaton swale two miles west of Snowflake, Arizona. The 

same species grew at Window Rock, Arizona, in a similar habitat or in 

areas that received extra runoff from the road shoulder. Assuming it 

is not present today, slightly higher moisture values would probably 

be necessary to maintain a population of evening prinrose in the Hay 

Hollow Valley.
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Seed Macrofossils

Considering the small amount of sediment used in pollen analysis 

(24-36 ml), the widespread recovery of a minute charred, unknown seed 

was intriguing (Table 17). The seed was hexagonal in cross section and 

oblong in longitudinal view. It measured about .5 mm long and half as 

wide. The dark, non-reflective surface of the minute seed discouraged 

photographic attempts. Modern surface samples at the Hay Hollow Site 

did not contain the seed, but I recovered it in a soil surface sample 

in a mesic tributary of Bull Hollow (G.9142-4). I redeemed the same 

seed at the Tule Springs Site in southern Nevada, where oxidized seed 

clusters derived from spring mound IV, stratigraphic unit E2s (Mehringer 

1965) were in association with Cyperaceae, Scirpus sp., grape (Vitis 

sp.) and ash (Fraxinus sp.).

The ecology of the transect in the Bull Hollow tributary and 

the mesic species conposition of the Tule Springs stratigraphic unit 

imply that this unknown seed is also characteristic of a damp or mesic 

habitat. Since the seed was not found in modern surface samples at the 

Hay Hollow Site, I inferred the site must have been more mesic during 

human occupation.

The recovery of a seed of Portulaca retusa from a prehistoric 

firepit was of doubtful significance. The association of the seed with 

the firepit need not indicate that the seed was eaten; perhaps the 

inclusion was accidental. It is true, though, that the Zuni harvested 

the seed (Cushing 1920, p. 244). Unfortunately the pollen of the family 

is too rarely preserved to act as a supplementary source of evidence.
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Table 17. Seeds screened from prehistoric sediment samples prior to 
pollen extraction.

Geochron. 
Cat. No.

Field Museum 
No. No. and type of seed; remarks

9068-2 X3252 1/2 T*; house 32 floor

9069-1 X3253 Herbaceous cheno-am fragment; 90% cheno- 
am pollen; from under grinder in house 32

9070-2 X3255 1 T*; house 32 entryway

9072-2 X2553 1 T*; house 25 floor
9076 16853815 1/2 T*; flrepit floor

9080 22852815 2 T*; flrepit floor

9089-2 29450815 2 T*; flrepit floor

9095-1 31253815 1/2 T*: 1 Chenonodlum Inc1sum. 82.5% 
cheno-am pollen from flrepit floor.

9101-1 44753815 6 1*; 1 Portulaca retusa. herbaceous 
cheno-am fragments; 81% cheno-am pollen 
from flrepit floor.

9105 53052815 2 T*; flrepit floor

9111-2 59251825 1 T*; flrepit floor

9116-2 62954825 1/2 T*; flrepit floor

9138 269 1 T*; burial

* Tula Springs Site, Nevada, unknown. See section on plant macro- 
fossils for description.
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I did not screen any portulaca seed from my surface samples in the Hay 

Hollow Valley, although £. retusa and several other species grow there 

today. If available moisture were greater, P. retusa would grow more 

abundantly.

The cheno-am seed fragments all represented portions of thin, 

smooth black seed coats from herbaceous plants. The fragments acquired 

more significance when correlated with the cheno-am percentages that 

evince pollen spectral distortion (Table 17). The seed fragments are 

one more indications that herbaceous cheno-ams grew in an abundance not 

now known in the Hay Hollow Valley.

General

The Hay Hollow Site received higher effective moisture during 

the time it was occupied than today. Small pine pollen, cheno-ams, 

evening primrose, and cat-tail pollen furnished independent evidence of 

increased moisture. Apparently enough moisture was available when 

house 17 was occupied to support a pinyon-juniper woodland. At the 

time of the burial, a pinyon-juniper woodland probably occupied the 

vicinity, or certainly grew closer than the present woodland that is 

12 miles distant. From house 17 times, until the end of the occupation, 

the number of pinyon trees progressively decreased until there were 

fewer than at the modern site. Higher available moisture fostered 

more abundant populations of herbaceous cheno-ams than the grassland 

supports today.

The broad outlines of environmental evidence furnished within 

the site can be enriched by observations from the contemporary
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vegetation. If all the alkali-sacaton grassland received the moisture 

available in the swale, the economic potential to support a gathering 

or partially gathering economy would be enhanced many fold. The seed 

of the early spring tansy-mustard (Jones and Fonner 1954, p. 95) could 

be gathered at a time when stored food would be low. The cheno-ams and 

young bee-plant would be a convenient source of greens. The fruits of 

ground cherry (Physalis fendlerl and Chamacsaracha coronopus) would be 

available in quantity. In years of abundant rainfall, large stores of 

alkali-sacaton grass seed could be set aside with relative ease. In 

poorer years the prostrate pigweed would spread in the open spaces 

among the grass and furnish an alternate harvest. Prostrate pigweed 

could easily invade a cultivated field. A variety of cheno-ams would 

furnish seed in intermediate years. No similar alternatives are avail

able today on a wide enough scale to support human life without the use 
of a jeep or helicopter.

With higher rainfall, yucca, cholla, and pinyon would all bear 

fruit more heavily. Wolfberry ano squaw-bush would undoubtedly be more 

productive. Wild grapes might grow in the area and a different species 

of cholla, although the floristic composition would be essentially 

similar to that found today. (See Fig. 13.)



Fig 13. Schematic summary of the past and present vegetation at the 
Hay Hollow Site. Solid horizontal lines indicate average 
annual moisture in 1 AD (left) and 1960*# (right). Apices 
of vertical lines suggest yearly deviations from the average 
available moisture. Dashed horizontal line facilitates 
comparisons,
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A. Moist year
Crops are good.
Alkali-sacaton grass is dense.
Cheno-aes reduced by competition with grass. 
Bee-plant thrives.
Yucca and cholla set fruit.
Pinyon bears heavy crop of cones.

1 AD Average available 
moisture

Average available moisture 1960's

B. Drought year 1 AD 
Crops may fail.
Alkali-sacaton grass is patchy 
Cheno-ame thrive.
Purslane abounds.
Bur-ragweed is numerous.

C. Drought year in 1960*8 
Crops fail.
Alkali-sacaton is patchy 

with sparse foliage. 
Cheno-ame fail, except 

saltbush.
Banana yucca fruits abort. 
Cholla may bear no fruit. 
Squaw-bush has no fruit. 
Pinyon has few or no cones.

Fig. 13. Schematic summary of the past and present vegetation at the 
Hay Hollow Site.



SUMMARY AND CONCLUSIONS

My purpose in interpreting fossil pollen at Hay Hollow Valley 

from 2095-1720 B.P. has been three-fold: to reveal the structure of the 

prehistoric plant community, the patterns of man’s utilization of the 

plant community, and the changes in structure. The consideration of 

independent lines of evidence from pollen types and seeds aided the 

interpretation of the pollen spectra from cooking pits and house floors. 

The high prehistoric frequencies of cheno-ams more appropriately equate 

to conditions in the modern swale than to the saltbush-alkali-sacaton 

grassland. The increased herbaceous pollen production and the gradual 

decimation of the pinyons during the occupancy of the site have evi

dently acted to reduce the fossil pine pollen percentage relative to 

the modem spectrum.

One might gain insight into the ecology of the Hay Hollow Valley 

from 2095-1720 B.P. by visiting the pinyon-juniper woodland at the edge 

of Bull Hollow, tramping beneath cottonwoods in a portion of its mesic 

tributary, and traversing the alkali-sacaton swale in August or Septem

ber. If an actual trip can not be arranged, a review of the appropriate 

sections of this dissertation is recommended.

The shifts in structure within the alkali-sacaton grassland 

during the occupation of the Hay Hollow Site are inferred from the 

modem ecology of the swale rather than from the pollen evidence. Moist 

summers provided an abundance of alkali-sacaton grass and drier summers
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allowed expansion of the cheno-am population. I believe the pinyon 

destruction, apparently recorded in the pine saccus breadth frequencies, 

is attributable to man in large measure. No evidence clearly supports 

a hypothesis of change in climate during the occupation of the site.

The pattern of utilization of the alkali-sacaton grassland 

probably paralleled the nature of its productivity; grass seed could 

be harvested in quantity in moist summers and cheno-aras in dry summers. 

Both products were milled and at least cheno-aras were pit baked, judging 

from the nature and frequency of the pollen. Probably two species of 

cholla were harvested and pit baked, and at least one cholla roasting 

pit can be identified from the pollen. Mormon tea was also used, 

although the pollen record gives no indication of the method.

Both cob fragments and pollen provide evidence of maize culti

vation. The degree or intensity of cultivation is unknown, for this 

can not be determined from the pollen record. The pollen evidence from 

pine saccus breadth, cat-tail, cheno-ams, evening primrose and the seed 

evidence suggests higher moisture values than today, presumably suffi

cient to grow maize without irrigation.

A relict-stand of pinyon in the midst of a juniper grassland 

replaces the pinyon-juniper woodland which apparently grew nearby at 

the time of initial occupancy. Herbaceous cheno-am populations also 

appear relict at present, and the water table is lower than in times 

past. While these are valid ecological contrasts, and average available 

moisture seems to be low enough to limit cheno-am and pinyon populations.
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I do not know the extent other factors over the past 2,000 years have 

contributed to the modem plant ecology.
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