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ABSTRACT

Historical Changes in
the Vegetation of a Desert Region

James Rodney Hastlngs

Since the 1880's a series of changes has taken
place€in the hydrologlc reglmes 6f the stréams of the desert
reglon of Arizona and Sonora; the vegetation of the area
has undergone equally pronounced modifications during the
same period.

Through the use of repeat photography the dlsserta-
tion establishes the pringipal facts about the vegetative

change. The lower edge of the range of the oaks, Quercus

emoryi, Q. oblongifolia and Q. arlzonica, has migrated

upwérd. The range of the paloverdes, Cercidium microphyllum

and C. floridum, has undergone a similar dlsplacement. The
desert grasslands have generally deterlorated, and 1in some
cases have vanlshed, being replaced by desert scrub vegeta-

tion. Mesquite (Prosopis Juliflora var. velutina) and

Acacia vernicosa have been the principal woody~\invaders.

Through the use of hlstorical materials the study
examines various hypotheses relating the changes to cultural
factors, e.g., to mants iInfluence on the ecology of the area

through his introduction of cattle, hils suppression of



natural burning, and his control of predators. It concludes
that such factors are not sufficient in themselves to ac-
count for the observed phenomena; that the facts of'sét-
tlement do not closely relate to the timing of the changes.
On the basis of the climatolbgical records the |
study concludes that the region has participated in the
world-wide "recent climatic fluctuation"; that trends toward
decreased rainfall and increased temperatufe'have-been'
operative. The observed vegetative and hydrologic changes
have taken place within this general framework of climatic
varlation. Cultural.factors may have reinforced or'sup-

plemented the effect of climate.



PREFACE

This study is an outgrowth of the research program
of The University of Arizona's Institute of Atmospheric
Physics into the climatological problems of arid regions.
Through the use of historlical and ecological materials,
it explores the part that climate may have played in
initiating recent vegetative and hydrologic change in the
arid Southwest of the United States and the arid North-
west of Mexico.

Central to the development of the thesis is the
concept of a "desert region ," to be distinguished from
the desert proper. Whereas the latter is truly arld, the
former is climatologically heterogeneous and includes those
molist highlands studding the desert; those lying immed-
iately adjacent to it; the mesic microenvironments--
streams, marshes and the like--that lie wholly within
the desert but are not, properly speaking, arid habitats.
Thus, a phrase like "pines of the desert region" may
partly avoid the incongruity inherent in referring to
"pines of the desert."”
| One of the techniques employed in the study is
that of repeat photography. It 1s not, in any sense, an

innovation, but has been widely used in earller scilentific
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work, most recently, perhaps, by Shantz and Turner.l Credits
for the old photographs are presented in an appendix; the
new ones in all cases were made by the candidate. The old
photographs have been dated as precisely as possible; how-
ever, in cases where "about" i1s used, the true date may be
as many as three or four years away from the one stated. A
list of the photographic stations, thelr locations and their
elevations appears 1n the same appeﬁdix.

Elevations for stations in the United States were
taken from USGS topographic sheets, and are gilven to the
nearest fifty feet. For stations in Mexlco, elevations
were determined barometrically, and are correct wlthin
one hundred feet. In all cases the elevations are those
of the camera itself, not the subject. Bearings for the
line of sight were made by hand with a Brunton compass,
and are given to the nearest 22-1/2 deg., e.g., as north,
north-northwest, northwest, or west-northwest.

The new pictures were taken with a Crown Graphic
camera, using 2-1)% x 3-1/4 Panatomic-X sheet film. In
most cases the camera was fitted with a 105 mm. lené,
covefing a field of about 35 deg.; however, in the
process of matching the new prints to the old, the fileld

‘14, L. Shantz and B. L. Turner, Vegetational
Changes in Africa (University of Arizona, College of
Agriculture Report 169, 1958).
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has frequently been reduced, and may in some cases be as
little as 20 deg. For a few pictures, 65 mm. and 250 mm.
lenses were used, the pertinent data for which may be ob-
tained from the appropriate photographilc manual;2

Standard botanical nomenclature and usage have
been employed throughout the dissertation. Although the
practice of Kearney and Peebles has usually been followed,3
some departures have been allowed in the matter of the
spelling and hyphenation of common names. In the cases
of‘thé trees and shrubs, the cactl and the grasses, more
speclalized works have been 1.1’1.',:I.l:l.zed.LL

In order to present a less formidable text to non-
botanists, common names, wherever they really do exist,

are used in preference to scientific names. Although

the practice may put the botanist at a loss who 1s not

2
Willard D. Morgan and Henry M. Lester, Graphic

Graflex Photography (10th ed.; New York: Morgan and Lester,
1954). _

3Thomas H. Kearney, Robert H. Peebles et al., Arizona
Flora (2d ed.; Berkeley: University of California Press, 1960).

4Lyman Benson and Robert A. Darrow, The Trees and
Shrubs of the Southwestern Deserts (Tucson: University of
Arizona Press, 195%4)., Paul C. Standley, Trees and Shrubs
of Mexico (5 parts; Washington: Smithsonian Institution,
1920-26), Lyman Benson, The Cacti of Arizona (Tucson:
University of Arizona Press, 1950). A. S. Hitchcock,
Manual of the Grasses of the United States (USDA Miscel-
laneous Publication 200; 24 ed., 1950). Frank W. Gould,
Grasses of Southwestern United States.(University of
Arizona, Biological Science Bulletin No. 7, 1951).
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familiar with locai usage, there 1s no solution to the
dilemma that will satisfy everyone, and the plant special-
ist, who has to cope with the problem more frequently
than anyone else, is probably best able to bear the in-
convenlence. In order to make hlis burden less onerous,
the common names have been employed rigorously; one and
only one scientific equivalent exists for each common
name used. Appendixes list the equivalents and provide
a way of getting back and forth between the two sets of
terms.

Matters of style and English usage conform to
the Chlcago Manual gf_'Style5 except where superseded by

the requirements of the Graduate College of The Unilversity
of Arizona.

Acknowledgments.~-The number of persons who

have materlially contributed to the study is large. To
three of'them, Dr. Raymond M. Turner, United States Geo-
logical Survey; Mr. Stephen A McClanahan, Institute of
Atmospheric Physics; Dr. Bermard C. Hennessy, Director of
the National Center for Education in Politics, particular
debts are owed. They have been the best of field com-

panions.

A Manual of Style (1lth ed.; Chicago: The Uni-
versity of Chicago Press, 1952).
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HISTORICAL CHANGES IN
THE VEGETATION OF A DESERT REGION



INTRODUCTION

The eighties‘bf the last century saw a series of
changes initiated in the natural landscape over a large
part of the region that had earllier belonged to the Border-
lands of New Spain, but which at one time or another
during thé preceding forty years had been acquired by the
United States.

By 1890 the old equilibrium had been so badly dis-
turbed that signs of a major natural upheaval began to
appear. Not quite overnight, but certainly during the
course of a single summer, many of the streams of the re-
gion underwent a striking change in their hydrologic re-
gimes.

Where the San Pedro River of southeastern Arizona
formerly wound its sluggish course northward through a
marshy, largely unchanneled valley, in August, 1890, it
began carving a steep-walled trench through which it
thereafter emptied rapidly and torrentially into the Glla.
Where it formerly ran more or less consistently through-
out the year, after 1890 its flow became intermittent,
leaving the new channel dry over much of its length for

most of the time.l

lJames Rodney Hastings, "Vegetation Change and
Arroyo Cutting in Southeastern Arizona," Journal of the
Arizona Academy of Science, I (1959), 60-67.
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With a few modifications much the same thing happened
'at about the same time along‘all of the major watercourses
of southern Arizona, the Santa Cruz River, San Simon Creek,
Babocomari Creek, Sonoita Creek and the Sonoyta River.

Whether the hydrologlc shift was cénfined to the
Sonoran desert region; whether it occurred throughout the
semiarid Southwest; whether, if oqcurring'elsewhere, it
followed the same chronology--these questions remain to be
answered.

In the specific region with which this study is con-
cerned~-~the northern Sonoran desert and the hlghlands with-
in it and to the east--irrigation ditches were left high
and dry, and as washes adjusted their levels to those of
the main streams, the valley floors became dissected and
redissected. Much of the better farm land washed away;
much of the rest was rendered unusable.

To the farmer and the rancher the economic loss was
severe, but not without at least partial compensation.
Malaria, a major plague among the early settlers, dis-
appeared along with the marshes, the beavers and the fish.

Writing in 1903 about an area (pictured in Plate
XXXV) on the west side of the Santa Rita Mountains, David
Griffiths, Agriculturist with the Office of Farm Manage-

ment, thought he detected change of another sort:

Xxiv



.A close examination of the broad, gentle, grassy
slopes between the arroyos in this vicinity re-

veals a very scattering growth of mesquite (Prosopils
velutina) which is in the form of twigs 2 to 3 feet

~high with an occasional larger shrub in some of the
more favorable localities., . . . One cannot tell
whether this growth indicates that this shrub 1s
spreading or not. The present condition rather
suggests thils possibllity.

Seven years of additional observation confirmed his
suspicion and he predicted that "the time is coming when
these foothlll grassy areas, which now have only an oc-
casional small shrub will be as shrubby as the deserts
and lower foothills . . . if not more so.">

Turning his attention to another plant, burroweed,
Griffiths found that it too had "thickened and increased
perceptibly during the last five years. . . . It 1s quite
probable that the grasses unmolested would hold their own
against its encroachment, but with the grassy vegetation
weakened by grazing it may increase to such an extent as

to crowd out nearly all of the valuable plants.q"

2David Griffiths, Range Investigations in Arizona
(USDA, Bureau of Plant Industry Bulletin 67, 190%), p. 20.

3David Griffiths, A Protected Stock Range in Arizona
(USDA, Bureau of Plant Industry Bulletin 17, 1910, p. 22.

4

Ibid., p. 18.



In the same year J. J. Thornber, a botanist at the
Uni?ersity of Arizona agreed that "the mesquite is one of
our speclies that appears to be on the increase." Writing
in retrospect of the preceding thirty years, Thornber also
called attention to the deterioraﬁion of the grazing
ranges:

When once perennlal grasses are killed out [by over-

grazing and trampling] they are indeed slow to re-
assert themselves. Such denuded areas are claimed

by the less valuable six-weeks grasses . . . Or worse
yet, they are seized upon by one or more of the
specles of obnoxious weeds . . . unpalatable . . .

for grazing purposes. On an area where practically
everything else is grazed, they alone are left un-
touched by stock to continue reproduction, and to
thus spread farther over the adjacent poorly grazed
ranges. Unfortunately, too much of our once valuable
grazing domain has become thus converted into unpro-
ductive weed wastes whicg hold the ground against
valuable grazing plants.

Also in 1910, an annus mirabilis in the perception of

changing conditions, Forrest Shreve of the Desert Labora-
tory of the Carnegie Foundation noticed that things were
not right with the saguaro, or giant cactus.

Young plants less than 1 dm in height are so rare,
or inconspicuous, that nine botanists who have had
excellent opportunities to find them report that
they have never done so. . . . [A study of its es-
tablishment rate] compels the conclusion that it is
not maintaining itself [in two favorable situations
studied]. . . . A fuller knowledge of its germina-
tion and the behavior of its seedlings, together

5J. J. Thornber, The Grazing Ranges of Arizona
(University of Arizona Agricultural Experiment Station
Bulletin 65, 1910), p. 276.

xxvi



with a more complete knowledge of the periodiclty

of certain climatic elements within its range will
be sure to thrgw light on the fall in 1its rate of

establishment.

In subseQuent years the fact of a mesqulte invasion

has gained complete credence--although the reasons for
it are still very much in dispute.7 The failure of the
saguaro to repopulate in some areas--most notably at
Saguaro National Monument--has been well established.8
One can read in various sources that burroweed and snake-
weed have proliferate on overgrazed ranges.9
Changes like these in the natural vegetation, to-
gether with others that have gone unnoticed, constitute
the subject of this study. That they have taken place

at all may be surprising. And that they have taken place

6Forrest Shreve, "The Rate of Establishment of

the Glant Cactus," The Plant World, XIII (1910), 2%40.

TKenneth W. Parker and S. Clark Martin, The Mes-
quite Problem on Southern Arizona Ranges (U.S. Department
of Agriculture Circular 908, 1952).

8S'canley M. Alcorn and Curtis May, "Attrition of
a Saguaro Forest," Plant Disease Reporter, XLVI (1962).

9Lyman Benson and Robert A. Dérrow, The Trees and
Shrubs of the Southwestern Deserts (Tucson: Universlty
of Arizona Press, 195%), pp. 335-36, 341.
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on a scale so large over a period of time as short as eighty
years 1s certainly surprising. Taken as a whole, the changes
constitute a shift in the regional vegetation»of an order
so striking that it mlght better be associated with the
oscillations of Plelstocene time than with the "stable”
present. | | " '
To understand why this has happened 1s a problem
of consuming interest. And Janus-like 1t faces in two
directions. On the one hand, it 1s a challenging scien-
ptific problem; on the other, it 1s an lmportant human
problem. On the one hand it is intimately involved with
the workings of hydrology, climatology and ecology. On
the other, it 1s closely tied to man'!s activities both
by its origins and its implications.
. As a problem in human geography much of 1ts im-
portance stems from the climatic context in which the
changes are set--that of an arid and semiarid region.
With each decade, these drier parts of the earth'!s
surface--variable and delicately balanced--become in-
creasingly important; princlpally so by virtue of their
belng vacan£. |
: For the most part the humid, temperate areas
have undergone a relatively intensive development; to

a considerable extent man'!s ability to find a place for
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still more of hils kind lies in the degree of success with
which he 1s able to populate the sixteen million square
miles of the earth's surface where there is room, but where
raiqfall is inadequate for conventional agriculture.lo

The utilization of these regions poses speciél diffi-
i culties, the paramount one being survival. An advanced
civilization with abundant production and efficlent trans-
portation can evade the problem by attaching its arid parts
to a humlid, mother region that supplies them with food,
energy and most of thelr other needs. The arid zone in
this case becomes a mere suburb and supplies only living
space. |

Few nations, however, outside of our own, can af-
ford the luxury of a national bedroom, and with the majority
the solution lies in skillfully using the meager resources
at hand to develop an arid-land economy that, if not self-
sufficient, can at least pay a large part of its own way.

Water is at the heart of the matter: how to use the
meagef supply effectively; how, if possible, to make it

stretch. To realize that the dlilemma as seen at a

particular point in time may not be as confining as it

105ames E. McDonald, "Climatology of Arid Lands,"
Arid Lands Colloquia, 1958-59.(University of Arizona,
1959), p. 3.
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seems, one has only to look back at the myth of the Great
American Desert, the high plains lying between the ninety-
eighth meridian and the Rocky Mountailns.

Dr. Edwin James, physiclan with the Long Expedition
of 1819-20 up the Platte and down the Canadian River,
described the region as follows:

In regard to thlis extensive section of country,
I do not hesitate in giving the opinion, that it
is almost wholly unfit for cultivation, and of
course uninhabitable by a people depending upon
agriculture for their subsistence. Although
tracts of fertile land conslderable extensive are
occasionally to be met with, yet the scarcity of
wood and water, almost uniformly prevalent, will
prove an insuperable i?stacle in the way of
settling the country.

Yet in 1960 the tier of states carved from the High Plains
ranked as major agricultural producérs. In 1871 Colonel
Green, Commandant of Camp Apache, Arizona Territory,
described that country as follows:
If you wish any further correspondenée from me as
to my views of Arizona, I can only tell you I have
been over a great portion of 1t . . . and found it

a rocky, mountainous desert, nofzfit even for the
beasts of the field to live 1in.

1lReuben Gold Thwaites (ed.), Expedition from
Pittsburgh to the Rocky Mountains ("Early Western
Travels Series," Vol. XVII [Cleveland: The Arthur H.
Clark Co., 1905]), p. 147. See also Ralph C. Morris,
"The Notion of a Great American Desert East of the Rockies,"
Mississippi Valley Historical Review, XIII (1926-27),
190-200.

12

Arizona Citizen, April 22, 1871.
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Yet in 1960 Arizona‘had, excluding beasts of the field, a
population numbering well over a million.

Walter Prescott Webb, one of the few historians to
treat at any length the problem of mant's adjustment to
aridity, notes that the Great Plains defled the Spaniard,
held up the western migration of Americans for many decades,
and fell at last only when the proper tools came to hand.

In some cases these tools were new inventions, the windmill,
barbed wire, the six-shooter. In other cases they emerged
from an lmproving technology: new methods of dry farming;
advances in plant and animal genetics. Finally, some ar-
rived only when man, at times his own worst enemy, was

able to modify the more cumbersome of his legal and social
institutions.13

The New England village could not be transplanted
onto the Sonoran Desert; nor could the riparian common
law of England governing brooks and rivers be applied in
apportioning the .scanty water of the West. No pithier.
commentary on man'é institutional inflexibility exists
than the Report on the Lands of the Arid Reglon of the

United States of 1878 in which John Wesley Powell, father

of the United States Geological Survey, pointed out, among

13Walter Prescott Webb, The Great Plains (New York:
Ginn and Company, 1931).
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other things, the absurdity of applying the philosophy of
the Homestead Act--one hundred and sixty acres and a mule;-
to semiarid grazing lands.lu

That man needed to adapt his instlitutions to meet
the conditions of the dry regions was Powell's central
thesis. And to some extent the westerner followed his
advice: in developling the prilor approprlation doctrine
for water; 1n providing for irrigation districts so that
farmers collectively could bulld the dams and the ditches
that a single individual could not; in evolving, among
the Mormon pioneers in Utah, a soclety flexlble and co-
operative enough to respond to immediate challenge.

But that, by and large, we have falled to adapt,
and that mere technological brilliance obscures this
basic failure ié Webb!'s latest contention, in a sort of

pessimistic afterthought to The Great Plains.15

Looking this time at the Far West, he says that

Americans instead of adjusting have created an oasis

14 7ohn Wesley Powell, Report on the Lands of the

Arid Region of the United States, ed. Wallace Stegner
(Cambridge: The Belknap Press of Harvard University
Press, 1962), pp. 32-33.

1oWalter Prescott Webb, "The American West--
Perpetual Mirage,™ Harper's Magazine CCXIV (1957),
25-31. _ ) )
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civilization. Holing up in his city, the westerner lives
a life of humid abundance. His wells tap the watef re-
sources of a vast surrounding area--and irrigate clover
lawvns. His air condltioners, powered by energy from
Texas gas or from a rivef five counties away, enable him
to evade the discomfort of high temperatures.

Efficient transportation links him with the other
oases and with the humid east, but not at all with the
hinterland around him. He is, to push Webb'!s thought
possibly beyond what was intended, enmeshed with the
national economy of abundance and not at all with the
regional economy of scarcity. He lives at the expense
of an arid region and surrounded by it, but not with it.
His technology enables him to escape its rigors without
making concessions. ' :

Should an oasis need more,water, engineers extend
an aqueduct to a river two hundred miles away. Or they
throw up surface reservoirs to collect runoff that has
fallen at another place. Or they put down deeper wells
to tap an underground supply deposited at another time,
possibly during another geologic era. These are not, of
course, solutions. They are mere borrowings from Peter
to put off for a little the inevitable appointment with
Paul.
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This study records the obverse of Webb'!s coin:
what has been happening outside the oasis. Of necessity
it is a record of mant!s fallure to come to grips with
aridity. He has falled because in hls own scheme of
values burroweed 1is a poor substitute for grass. A
mesquite thicket in the terms of human economics 1s not
the equlvalent of a grassland. Not only does 1t waste
water through excessive transpiration, it is non-
productive.

But precisely where the fallure lies 1s another
question, the answer to which is contingent upon know-
ing what caused the rivers and the vegetation to change
in the first place. And this, as a scientific problem,
is very much a matter of dispute.

In general the answers that are commonly given
fall into two categories: those that hold man respon-
sible, directly or indirectly; those that see natural
factors, primarily climatic, operating independently of
man.

If the cultural explanation is correct, our fault
lies with having played bull in a china shop; in having,
through inadvertence, brought down in ruins a delicately
balanced structure that for all its sturdy resistance to
heat, dust and drought, was more fragile than 1t seemed

to be,
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If, on the other hand, the climatic explanation 1s

correct, then we have merely falled to be sufficiently
informed about the limits within which our environment
'operates. The error can have traglc consequences, even
to an advanced soclety; but that the mistake is not new,
even to such a séciety, the dust bowl on the High Plains
in the thirties may attest to.

Evaluating the relative merits of the two explana-
tions is by no means easy. Causation in historical,
natural phenomena l1s a knotty problem for many reasons,
not the least of which is that it places the experil-
mental sclentist, normally the oﬁe to be concerned with
it, at such a disadvantage. He cannot go back and rerun
the sequence of events, manipulating one variable at a
time while he holds the others constant. Nor can he de-
vise an experiment involving all the varlables and per-
form it in any laboratory yet built. Too many factors
must be considered, and the interactlion between them is
too complex.

So, although many experiments have been devised
from time to time to test specific hypotheses connected
with one or another of the alleged agents of change, the
conclusions, perfectly valid in themselves, are of

limited application to the larger problem. More of the
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explanations will be examined later, but for illustration,
consider three of them:

1) A rodent species feeds on succulent young saguaro
seedlingé. In the course of settling the Southwest, man
exterminated most of the predators that kept the rodent
population in check. Subsequently the number of rodents
has increased to the point where very few saguaros ever
get past the seedling stage uneaten. Man's coming, then,
has indirectly resulted in the failure of the gliant cactus
to maintain itself.

2) Before American settlement, fecurrent fires used
to sweep’the grasslands of the Southwest. These resulted
in little permanent damage to the grasses, whlch were
able to emerge the following season as strongly as before,
but the burning did periodically kill off any woody seed-
lings that had become established since the preceding fire.
The effect of fire prevention has been the proliferation
of shrubs, and consequently the deterioration of the
grasslands. |

3) Cattle browse on mesquite beans, some of which
pass unharmed through the alimentary tract to be de-~
positéd, still viable, in a medium ideal for their ger-
mination. The wholesale introduction of cattle into the
Southwest has resulted in the wider dispersal of mesquite
seeds and thus in the plant's spread. |
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In 1light of the one factor examined, each of these
three statements presents an explanation for the one phase
of vegetation change that it considers. The last two
hypotheses, at least, are wldely belleved, and one frequently
-hears them from ranchers in connection with the invaslon
of thelr range land by mesquite. But mesquite linvasion
is only one of a whole host of changes that‘have taken
place.

Do cattle also eat the seeds of white thorn, oco-
tillo and turpentine bush--plants that, as the following
pages will show, have registered substantial invasions of
their own? And can these seeds also pass unharmed through
a cow? Thé rancher does not know, and neither does the
scientist, but the answer is probably "no." The cow-flap
explanation breaks down when applied to the broader problem.
So does the fire suppression hypothesis in accounting for
- the widespread death among oaks and saguaros. So does an
increased rodent population when one attempts to explain

why Acacia vernicosa, whose seeds are a favorite rodent

food, has increased, not decreased.

There 1is, of coursé, no reason to suppose that one
cause has to suffice for all of the changes. The natural
world being what it is, there 1s, in fact, every reason
té'suppose that many factors are involved. But this 1is

all the more reason for not accepting single-factor
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ecology, even in the case where it attempts to explain
changes in the distribution of only one species. For

every striking relationshlip that can be demonstrated ex-  _
perimentally there may be three, untested, that 1n the
complex environment of the plant counteract the reason.
Prudence demands that any factor known to be operating

in the case of one specles at least be examlned for its
possible effect on others.

What must be done before a satisfactory consensus
evolves in regard to the changing plant life of the
Southwest is to look at each of the cultural explana-
tlons that have been sugggsted--not Just the three cited--
and test lts applicability to each known change--not Jjust
one. And the various climatic hypotheses must be similarly
tested. In spite of the affection with which paleobotanlsts
regard climate, almost nothing 1s known about the extent.
'to which a given change in rainfall or temperatﬁre can
dislocate the range of a species.

When all of this has been done the conclusion--
1f anyone ever arrives at it--will follow from the
summing up for each plant of a long serlies of big
pluses and little minuses, zeros, little pluses and big
minuses--one quantity for each factor, and generalizing
from these, all the while Jjuggling the complex lnteraction
between the independent variables themselves.
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The probiem, handled experimentally, burgeons out
of all pfoportion to the simplicity of the initial question:
what caused the changes? And yet any other approach ylelds
only another opinion. | |

This study makes no attempt to settle the matter
once and for all, and in the last analysis it probably
ralses more questions than 1t answers. But it does attempt
to present a comprehensive view of the changes that have
occurred since 1880, to sketch their histofical context,
and to review the principal explanations that have been
advanced to account for them.

Inevitably some of the hypotheses that are examined
fare better than others. For whatever consolation 1t may
be to the losers, the explanations suggested here may not
stand the test of time elther. The moral perhaps i1s that
the changes are "a better subject for study than for

debate. "0

'16Edgar Anderson, "Man as a Maker of New Plants and

New Plant Communities," Man's Role in Changing the Face
of the Earth (Chicago: Unlversify of Chicago Press,

1956), p. 776.
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CHAPTER I
THE DESERT HABITAT

.The Context of the Regional Setting
The problem of "desert."--The regional setting for

this study 1s that of a "desert." The term is easy to de-
fine qualitatively as a dry region. A definition in terms
of quantity comes harder, but 1s desirable to have since
"dry" means different things to different persons, and even
to the same person at different times.

Dryness connotes, first, a lack of precipitation, and
a desert can be roughly defined as an area that gets less than
ten inches of precipitation per year.

But temperature considerations are also involved. Be-
cause there is - less evaporation, a cool climate with less than
ten inches of precipitation may support a more mesic vegeta-
tion than a hot climate with the same amount and may, in fact,
give fhe impression of being only slightly arid.

A more elaborate approach, then, might define "desert"
in terms of the ratio of potential evapotranspliration to rain-

fall,l or might, as with the widely known K8ppen system or one

1C. Warren Thornthwaite, "An Approach toward a Rational
Claszification of Climate," Geographical Review, XXXVIII (1948)
55-94%. .
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of its modifications, use yearly mean temperaﬁure, yearly
rainfall and seasonal distribution of rainfall as a combined
index.?

KOppen'!s scheme as modified by Trewartha yields good
results iﬁ roughing out the broad regional climates of the |
world and in relating them to major features of the earth's
circulation. And sometimes‘it yields good results on a
smaller scale: the boundary of the Sonoran desert as de-
termined by his system agrees fairly well with the line
drawn by Forrest Shreve on the basis of vegetation.3

But, by and large, broad climatic classifications are
of limited use except to geographers. The ecologlist in pér—
ticular is l1likely to chafe at them because their resolving
power 1s low in the part of the spectrum with which he is

most concerned.

2The KSppen modification used here is that found in
Glenn T. Trewartha, An Introduction to Climate (New York:
McGraw-Hill Book Co., 1954), p. 382.

3A climatic classification of Arizona by William D.
Sellers, using Trewartha's modification of KOppen appears
in Christine R. Green, "Heating and Cooling Degree-Day Charac-
teristics in Arizona," Technical Reports on the Meteorology
and Climatology of Arid Regions, No. 10 (University of
Arizona, Institute of Atmospheric Physics, 1962), p. 2.
Shreve'!s delineation of the Sonoran desert appears in Map 1
of Forrest Shreve, Vegetation of the Sonoran Desert, Carnegie
Institution of Washington Publication 591 (Washington, D.C.:
Carnegie Institution, 1951).
: 4See, for example, R. F. Daubenmire, "Climate as a
Determinant of Vegetation Distribution in Eastern Washington
and Northern Idaho," Ecological Monographs, XXVI (1956), 131-
154; and Cornelius H. Muller, "Vegetation and Climate of
Coahuila, Mexico," Madrofio, IX (1947), 56.




Where KGppen sees a desert, the ecologist sees a
score of habitaés, each with a distinctive plant and animal
community of its own. The microclimatologist, whose inter-
est lies with the turbulent and varlable interface between
earth and alr, 1s apt to feel much the same as the ecologlst:
the regional desert has many microclimates.

The steepness of a slope, the plane on which it 1lies
with respect to the sun, the reflectivity, or albedo, of a
surface: these can modify considerably the small-scale cli-
mates over an area that has one homogeneous "temperature"
when measured a few feet above the ground. |

This multitude of microclimates, in turn, results in
a multitude of plant communities. But the ecologist needs
still further refinements because wlithin one microclimate
such nonclimatic factbrs as soll and topography may further
diversify the plant life.

The end result--as any student of the desert knows--
is a multitude of little worlds, fragmented and varied, all
existing within the larger framework of "desert."

The saguaro may grow densely on a south slope, but
is seldom abundant on north slopes. In canyons receiving
cold-air drainage, the plant 1life may be that of a distinctly
moister, cooler zone. From a hill overlooking drier parts
of the desert, the eye can follow the course of a wash by
the tree growth along it. From a car the shoulders of a

highway look foreign. Recelving runoff from the pavement
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in addition to thelr own rainfall, they belong floristically |
to a more humid habitat, and sometimes support a lush, "ri-
parian" growth that contrasts sharply with the creosote-bush
plain alongside.

' The quantitative definition of "desert,"” then, 1s
partly a question of the scale on which one wants to look at
an arid area, partly a questlion of which factors, and how
many of them, one chooses for defining aridity. _

It seems unlikely that any set of requirements
picked by the macroclimatologlist will satisfy hls colleagues
interested in microenvironments. It seems unlikely, on the
other hand, that the microclimatologist or the ecologist
will come up with satisfactory quantitative definitions of
~thelr own. Some of the varlables of most concern to them--
soil moisture, for example--can be recorded only with elab-
orate apparatus. Others--temperature of the soil surface
and potential evapotranspiration--are near-metaphysical con-
cepts that defy physical measurement.

For now a general quantitative definition of desert
much more precise than KSppen'!s is not feasible. And fail-
ing that, a desert is a ary region.

The world deserts.--McDonald has given an excellent

short discussion of the world's deserts and of the meteor-

ology that dictates their existence.5 In general two kinds

SMcDonald, "Climatology of Arid Lands," op. cit.,
ppo 3"13-
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can be distinguished: (1) those deprived of an upwind source
of oceanic moisture; (2)’those that lie in a latitude chroni-
cally lacklng in liftiné processes.

The isolatlon from a moisture source may be physical—-
as with the Gobli Desert, surrounded on all sides by the great
Eurasian land mass. Or 1t may be topographically induced, as
with a "rain-shadow”" desert lying to the leeward of a mountain
range.

Low-latitude west coast deserts, the second kind, owe
thelr existence to the arrangement of the earth'!s wind systems
and pressure belts. These arid reglions cluster apound the
horse latitudes, zones characterized by high pressuré cells
in which dry, stable air masses from aloft sink and diverge.

To the north and south of the horse latitudes lie
humid belts characterized by converging and rising air masses.
But the deserts are too far poleward to benefit from the dy-
namic processes of the doldrums, even at the peak of théir
summer migration; ©too0 near the equator to be visited often
by fronts and cyclones from the subpolar lows on the other
side. And lying at the western edge of the continental land
masses, they receive no benefits from trade winds or east-

- coast hurricanes.

The North American Desert.--The area in North America

falling within KOppen'!s definition of desert amounts to about
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440,000 sq. mi., and as mapped by Shreve6 appears in Figure
1. It straddles the boundary between the United States and
Mexico ahd includes most of the peninsula of Baja Californila;
major parts of the states of Arizona, Chihuahua, Coahuila,
Nevada, Sonora and Utah; 1lesser parts of California, Colorado,
Durango, Idaho, New Mexico, Nuevo Ledn, Oregon, San Luis |
Potos{, Texas, Utah, Wyoming and Zacatecas. _

As world deserts go, i1t is not large. The fifth in
size among them, 1t occupies about one-eighth the area of the
Sahara and one-half the area of the Arabian.'

On the basis of climate and plant 1life it can be sub-
divided into four regional deserts. The Great Basin, the
northernmost, has cool or cold winters with frequent snowfall.
Its vegetation, dominated by sagebrush, has evolved from the
primitive, temperate Arcto-Tertiary foresﬁ.8

The Mohave Desert, next southward, lies in California,
the Nevada wedge and a small part of northwestern Arizona,

and 1ts elevated margins are delineated more or less by the

range of the Joshua tree (Yucca brevifolia). Most of the

scanty precipitation falls during the cool winter season. The

vegetation is somewhat transitlonal, having affinities both

6Forrest Shreve, "The Desert Vegetation ef North -
America," The Botanical Review, VIII (1942).

TMcDonald, "Climatology of Arid Lands," op. cit., p. 7.

8paniel I. Axelrod, Studies in Late Tertiary Paleo-
botany, Carnegle Institution of Washington Publication 590
(WasH%ngton, D. C.: Carnegie Institution, 1950), p. 286.
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north and south. Many elements derive from the ancient Madro-
Tertiary flora, and in recognition of one such component the
Mohave'is sometimes lumped together with the two southern
arid regions and called the "creosote+bush desert."

The two southernmost of the regional deserts, the Chi-
huahuan marginally and the Sonoran principally, form the set-
ting for this study.

The Chihuahuan Degert.--Spreading out from the Mex-

‘ican state after which it is named, the Chihuahuan Desert
extends north into New Mexico, east into Texas and Coahuila,
south into San Luls Potosf, Nuevo Ledn, Zacatecas and

Durango. 1t occuplies the northern end of the Mexican plateau,
an elevated tableiand bordered on one side by the Sierra Madre
of the West and on the other by either lowland plains or the
eastern Sierra Madre.

Like the Great Basin the Chihuahuan Desert is high,
having an upper elevational limit of 4500-5000 ft.9 In
gbntrast to the Mohave Desert, and somewhat less to the
Great Basin, the major rains occur in summer.

The perennial vegetation can be characterized as
"shrubby"--intermediate in appearance between the iow,
monotonous, "bushy" Great Basin and the varied, but highly

arborescent Sonoran. It contains relatlvely few trees and

9Benson and Darrow, Trees and Shrubs of the South-
western Deserts, p. 14.
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few tall cacti, but has an abundance of smaller cacti, spiny
shrubs, and succulent-leaved century plants and yﬁccas.

Separated from the main part of the North Amerlcan
Desert, the Chihuahuan presently makes contact with no other
arid region. To the east it grades into thé sémiarid steppes
of the Great Plains; to the west the Continental Divide
separates 1t from the Sonoran Desert. At no point is creo-
sote bush--the common denominator of the three southern
deserts~-continuous across the grassland that lies along
the Divide and serves as a transition between the arid
regions on elther side.

The Chihuahuan should be only of passing interest here,
where the concern is with an area farther to the west. But
one interesting anomaly dictates otherwise. A large island
of Chihuahuan Desert flora occurs along the San Pedro Valley
of Arizona, well within the range of this study, and well
10

away from the main body of the parent desert.

Unmistakably Chihuahuan plants like tarbush (Flourensia

cernua), all thorn (Koeberlinia spinosa var. spinosa),Mortonia

scabrella and Acacla vernicosa grow abundantly on limestone

solils at elevations normally reserved in that area to the
grasslands. As some of the following photographs will show,

almost pure stands of grass did occupy them elghty years ago.

101p14, p. 16.
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The Sonoran Desert.--The Sonoran Desert, far and away

the most varied of the North American deserts, i1s also the
lowest and hottest. It lies mainly in the Mexican states of
Sonora and Northern Baja California, and in the territory

of Southern Baja California, although a substantial section
extends north of the International Boundary into Arizona and
California.

The desert proper lies between sea level and about
3500 ft., the upper limit varying with local soil and micro-
climatic conditions, and being higher to the north than to
the south. Above 3500 ft. the isolated mountain masses that
'stﬁd the region are in a very real sense wet islands anchored
in a dry sea.

For the Sonoran is not primarlly the product of a
rain-shadow. If it were, the plants of the mountain islands,
except for modifications due to temperature, would resemble
those of the desert itself. Atmospheric moisture is present
over the reglon, occasionally in abundance,ll and the ofo-
graphic lifting induced when alr flows up and over the mountain
barriers compensates locally for the regional absence of dynamic

1ifting processes.

llMcDonald has estimated the daily influx of water
vapor into Arizona from the south during July to be about
2,000,000 ac. ft. James E. McDonald, "The Evaporation-
Precipitation Fallacy," Weather, XVII (1962), 4.
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As a result of orographic lifting and raiﬁout, the
mountains are moist. Thelr tops may receive over thirty
inches of precipltation per year and yet be located within
ten miles of creosote-bush plains.12

The steep gradients of rainfall and temperature in-
volved in this rapid transition from famine to feast find
reflection in a sharp verticai zonation of the plant 1life.
The interaction between climate and vegetation i1s so marked
and so dramatic that the mountains make ideal places to ob-
serve the effect of climatic change on plant communities.
Indeed, two of the vertical zones, which will be described
later, are of as much interest here as the desert.

Two general sources have been mentioned so far for
the diversity of habitats to be found in the deseft, local-
ized microclimatic and edaphic differences, elevational
zonation on mountains. A third must be recognizea in con-
nection with the extent of the Sonoran Desert, which
stretches irregularly across twelve degrees of latitude,
from above Needles, Arizona at thirty-five degrees south
latitude to near San José del Cabo at the tip of Baja Cali-
fornia at twenty-three degrees. Occupying‘an area of about
120,000 sq. mi., it is 870 mli. long and 400 mi. across at

its widest point.13

12Christine R. Green, "Arizona Statewide Rainfall,"
Technical Reports on the Meteorology and Climatology of Arid
Regions, No. (University of Arizona, Institute of Atmospheric
Physics, 1962), Map 1.

13Shreve, Vegetation of the Sonoran Desert, p. 2.
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Large-scale physiographic and climatic influences
inevitably come into play over such an.area. From west to
east the land surface tilts upward, and the climate becomes
increasingly continental with a larger dally range of tem-
perature; a winter rainy season gives way to a summer rainy
season; rainfall increases. North to south the hours of
daylight, the temperature, the intensity and angle of sun-
light all reflect the transitlion to lower latitudes.

Although a basic homogenelty of vegetation underlies
the whole area--more perhaps from north to south than from

west to east--several important characteristics do change,

and largely in response to shifting climatic parameters.

The Climate of the Region

The relation of desert vegetation to climate.--

Shreve has defined a desert and has at the same time de-
scribed its implications for the vegetation:

It is essentially a region of low and unevenly
distributed rainfall, low humidity, high air tem-
peratures with great dally and seasonal ranges,
very high surface soll temperatures, strong wing,
soil with low organic content and high content of
mineral salts, violent erosional work by water
and wind, sporadic flow of streams, and poor de-
velopment of normal dendritic drainage.

From the biological standpoint desert is best
defined in terms of the limitations which have Just
been mentioned. For plants these serve to pre-
vent the full degree of development that would
enable them to form a closed covering, attain
a conslderable size, maintain vegetative
activity throughout the year, and meet the
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environmental conditions without structural features
or types of physiological behaviﬁr that tend to re-
duce thelr maximum performance.
In the case of the Sonoran Desert these general charac-
teristics have to be qualified. Some plants do attain a

considerable size--the saguaro (Carnegiea gigantea), for

example, or its even bigger relative, the carddn (Pachycereus

Eringlei). Something resembling a closed cover can be found

in mesquite bosques and the island mottes of the Foothills

of Sonora.15 At any time of year at least a few of the members
of a community may be vegetatively active.l6 Finally, rela-
tive humidity i1s not uniformly low. Where the desert borders
the Gulf of California, the higher moisture content of the

alr appears to be a factor in shaping such distinctive shore

communities as the one dominated by Frankenia palmeri, that

appears in Plate LXXXIX.

Although qualifications like these temper Shreve!'s
statement, they by no means vitiate it. In one respect they
emphasize the best feature of the definition by pointing out
that this desert has special climatic and microclimatic
characteristics that set i1t apart from others and that the
plant life reflects these special conditions as falthfully

as the generally xeric nature of desert vegetation reflects

M1p14d., p. 8.

151b1d., p. 31.

101p14., p. 9.
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general aridity. Climate remains the single most important
determinant for the plant life of an arid region, and to
climate one must look to explain the uniqueness of the
Sonoran vegetation: to precipitation, its amount, its
variability, its spatial and temporal distribution; to tem-
perature; to the various components of the heat balance.

The regional range of precipitation.--Except for

snowfall at higher elevations in the mountains, precipita-
tion falls mainly as rain. Although published data for
much of the region, particularly the Mexican parts, are
scanty, the average annual amount of precipitation recorded
varies from about 3 in. per year at Yuma to 19 in. per year
at Ruby, in highlands surrounded by the Arizona Uplands.

Few of the specific localities shown in the plates
have reliable weather records, but a reasonable estimate of
the range of precipitation that they encompass would be from
about 18 in. per year at El Plomo Mine (Plates I-III) to
perhaps 5 in. per year in the Pinacate Mountains of Sonora
(Plates LXXVI-LXXXII), and perhaps 3.5 in. per year at Punto
Cirio on the Gulf of California (Plates LXXXVI-LXXXVIII).17

17The best climatological information about the
little-known area between Sonoyta and the Gulf of Cali-
fornia 18 contained in William V. Turnage and T. D. Mallery,
An Analysis of Rainfall in the Sonoran Desert and Adjacent
Territory, Carnegie Institution of Washington Publication 529
(Washington, D. C.: Carnegie Institution, 1941)., Basing their
figures on records seven to ten years in length from storage
gages, Turnage and Mallery give 5.6 in. per year for the
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But these annual amounts are averages and by no
means indicate the water stresses that plants must undergo.
Yuma recorded 0.42 in. per year in 1953 and 11.41 in. in
1905.18 San Luls, a Mexican station on the lower Colorado
River has reported only 1 mm (0.04% in.) during each of
several years, but received 329 mm (12.9 in.) in 1934.19
Perennial plants must routinely be able to survive many
weeks of high temperature without precipitation of any kind
and with soil moisture values well below the wilting point.
During June, rain fell at Yuma only seven times in the
sixty-seven years from 1893 through 1959. In the drier
places droughts of §even.to eleven months duration are not
uncommon.

Coefficients of variation for precipitation.--

A useful statistical measure of temporal variability in

"Pinacate Plateau" and 4.1 in. per year from Tule Tank,
two locations that flank the part of the Pinacate region
shown in the plates. They 1list 3.9 in. per year for
Libertad, and 3.6 in. per year for Punto Cirio. Ibid.,
pp. 4-5. The network of storage gages is described in
Godfrey Sykes, "Rainfall Investigations in Arizona and
Sonora by Means of Long-Period Rain Gauges," Geographical
Review, XXI (1931), 229-233.

18y1111am D. Sellers (ed.g Arizona Climate (Tucson:
University of Arizona Press, 1960).

19For?es£4§hreve, "Rainfall of Northern Mexico,"
Ecology, Xv (19 , 107.
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precipitation is the coefficlent of variation.ao McDonald
has calculated some of the values for Arizona, and Wallén
for Mexico.21
| In general the coefficieqts vary inversely with
the mean amount of precipitation réceived. For four sta-
tions lying in the area of greatest interest here the
annual coefficients are 62 per cent at Yuma, Arizona; 42
per cent, Guaymas, Sonora; 30 per_cent, Tucson, Arizona;

23 per cent, Atll, Sonora, northeast of Altar.

Yuma'!s mean annual rainfall over the period used by
McDonald was only 3.25 in. Clearly a variation by 62 per
cent or more from this scanty amount during one year out
of three22 represents a major fluctuation for the perennial

vegetation to endure. Clearly too the number of annual

plants must undergo large oscillations from year to year.

20perined as the standard deviation of the precipita-
tion amounts divided by the mean amount. More properly, since
precipitation distributions are positively skewed: the root-
mean-square-deviation divided by the mean. Ignoring the fact
of nonnormality, the coefficient may be roughly defined as
the percentage of the mean precipitation by which the actual
precipitation may be expected to depart during about one-third
of the time periods.

2l rames E. McDonald, "Variability of Precipitation
in an Arid Region: a Survey of Characteristics for Arizona,"
Technlical Reports on the Meteorology and Climatology of Arid
Reglons, No. 1 (University of Arizona, Institute of Atmos-
pheric Physics, 1956), p. 6. C. C. Wallén, "Some Characteris-
tics of Precipitation in Mexico," Geografiska Annaler,
XXXVII (1955), 67.

22

Agéin ignoring nonnormality. See above, n. 20,
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During some years few may germinate, or mature; during
other years the desert may approach lushness.

A factor which operates over much of the region to
mitigate the severity of the swings 1s the nonhomogeneity
of the coefficients with respect to season. Deflning
summer as the six hot months (May through October), and
winter as the six cold, McDonald has calculated seasonal
coefficients also. Contrary to what might be expected,
the spatially spotty, convective storms of summer, often
less than a mile in diameter, are more dependable From one
year to the next than the large-scale, cyclonic disturbances
of winter.

Whereas at Tucson, the summer coefficient of varia-
tion is 40 per cent; for winter it rises to 54 per cent.
Wallén's data for Mexlco are not completely comparable
since he has approached the problem by calculating another

23 for four

measure, the relative interannual varlability,
key months, January, April, July and October. It is never-
theless clear that for most of the Mexican part of the
desert, the same pattern prevails. The relative interannual
variability is much less at Atlil and Guaymas for July than

for other months.24

23 - . - -
ngined as [(Iry - rgle oy = rgle o v v Imp rl)
/m - 1] /T where r, 1s monthly rainfall during the nth year,

and T the mean monthly rainfall for the period from the 1lst
through the nth years.,

24Wallén, op. cit., pp. 72-76.
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The implications. of the seasonal variab%}ity for
perennial plants are important. During the hot summer when
conditions for vegetative activity are optimum for many
species, but when soil moisture levels are low as a result
of the arid spring and water stress 1s greatest, the precipi-
tation 1s most dependable from year to year.

This mitigating circumstance operates over much of
the desert, but not all of it. Summer rainfall along the
western edge, and particularly over the northwestern corner
is less dependable. In Yuma the summer coefflcient of varia-
tion rises to 94 per cent, substantially larger than the winter
coefficient of 75 per cent. In much of Baja Callfornia the
same is true. Wallén has found that the relative interannual
variabilities at Ensenada and La Paz also reach minimum values
in winter, although at Santa Rosalfa and other parts of the
peninsula lying on the lee side of the central méuntain axls
the more general picture holds, and summer produces fthe minima.
The areas where summer variabllity is greater than winter are
also those that are most arid; where the plant life most needs
dependabllity to mitigate aridity, it does pot get it and must
labor under an additional handicap. "Certain parts of [this
region] have the thinnest plant covering to be found in'

North America."25

25Forres’c Shreve, "Vegetation of the Northwestern Coast
of Mexico," Bulletin of the Torrey Botanical Club, LXI (193%4)

373. _
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Seasonal distribution of precipitation.-- The apparent

anomalies in summer coefficlents over the western part of the
region are directly related to factors governing the seasonal
distribution of precipitation amounts. The rainfall of the
Sonoran Desert 1s transitional In its regime between the
Chihuahuan, with summer rainfall, and the Mohave, which re-
celves the bulk of its precipitation during winter. There
are, in effect, two rainy seasons in the Sonoran Desert;

the biseasonality must be considered a major factor in shap-
ing the uniqueness of the plant life,.

Shreve illustrates its importance by citing three
stations with nearly identical yearly amounts of precipita-
tion, but different distributions. Ensenada, on the west
coast of Baja California, has a winter rainy season; Nogadies,
on the Arizona-Sonora border, has the familiar Sonoran double-
maximum, one coming in December-January, the other in July-
August; Monclova, in eastern Coahuila, is characterized by
summer rainfall. "The vegetation of the three localities is
respectively chaparral, evergreen oak woodland and arid bush-
land. It is doubtful if a single native plant is common to
the floras of Ensenada and Monclova.“26

The synoptic meteorology of the rainfall regimes.--

The synoptic features that produce three distinct types of

26Forrest Shreve, "Rainfall of Northern Mexico,"
op. cit., p. 108.



20
desert within ten degrees of longitude have to do with the
seasonal migrations of cyclonié systems and of two semi-
permanent high pressure cells, the Bermuda high off the East
Coast of North America and the Eastern Pacific high off the
West Coast.

The winter rains are brought by periodic cyclones
as they make their annual migration southward. The Mohave
and Sonoran Deserts profit marginally from these infrequent
incursions of cold, rainy weather; the Chihuahuan Desert,
on the lee side of the Sierra Madre,hardly at all.

With the northward advance of the sun in late winter
and early spring the low pressure systems retreat; their
decreasingly frequent invasions herald the onset of a dry
season which becomes more severe through spring and finally
is either ended or reinforced by events related, this time,
to incursions from the south.

These are the northward migrations of the two semi-~
permanent highs. The Sonoran and Mohave Deserts, on the
western continental slope, come under the influence of the
Pacific high. The Chihuahuan Desert, on the eastern water-
shed of the‘continent, falls under the influence of the
Bermuda high.

But here events lose their symmetry. In the ﬁérthern
Hemisphere the western edge of an anticyclone is assoclated
with converging, rising, unstable ailr; the eastern edge

with sinking, diverging, stable masses from aloft. Over
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the deserts of the western slope the drought intensifies,
giving rise to a dry, increasingly hot period appropriately
called by Shreve the "arid fore-summer." Over the desert
of the eastern watershed, however, the drought is dissi-
pated by moist, southeasterly flow reaching progressively
farther inland from the Gulf of Mexico as the high pressure
cell advances. Tamaulipas 1in April, Coahuila in May,
Chihuahua in June begln their rainy seasons (see Table 1),

At the end of June an abrupt élobal readjustment27
brings a meteorological climax to Sonoran activitles and
provides the one significant exception to the statement28
that western coastal deserts do not benefit from easterly
activity. The highs move rapidly northwestward and enlarge.
The Sonoran Desert is freed from the subsident eastern end
of the Pacific anticyclone, which continues, however, to
inhibit rainfall over the Mohave Desert and California.
At the same time, the moist tongue at the western edge of
the Bermuda high extends over the Continental Divide bring-
ing air from the Gulf of Mexico. The Sonoran summer monsoon

begins; rains over the Chihuahuan Desert continue.

2TReid A. Bryson and William P. Lowry, "Synoptic
Climatology of the Arizona Summer Precipitation Singularity,"
Bulletin of the American Meteorological Soclety, XXXVI
(1955), 329-339.

28Above, p. 5.
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TABLE 1
PERCENTAGE OF ANNUAL PRECIPITATION FALLING IN THE MONTHS
APRIL THROUGH AUGUST AT SELECTED STATIONS ALONG AN EAST-
WEST TRANSECT THROUGH NORTHEASTERN MEXI0029

Station April May June July August
Brownsville, Tex. 6 10 11 8 8
Cuatro Clienegas, Coah. 3 13 11 12 13
Chihuahua, Chih. 1 2 2k 23
Madera, Chih. 2 1 6 23 25
Moctezuma, Son. 1 1 4 A36 22

The lmplications of biseasonality.--Such are the

principal synoptic events that underlie the seasonal distri-
bution of preclpitation and account for many of the differences
among the three "creosote-bush deserts." The two-peaked
distribution that prevails at the photographic sites has

been characterized by Bryson, who appends to his description

a provacative and pertinent notilon:

29The data are drawn from U. S., Department of Agri-
culture, Climate and Man, Yearbook of Agriculture, 1941
(Washington: United States Government Printing Office, 1941),
p. 1130; and from Secretaria de Recursos Hidraulicos, "Datos
de las cuencas de los Rfos Casas Grandes, Sta.Magia, Nagas,
Aguanaval, San José 'y Alaquines," Bolet{n Hidroldgico Numero
11 (Mexico: Servicio Hydroldgico, 195%), pp. 12, 16, 20, BO.
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Just north of Arizona, then, winter rainfall is more
abundant than summer, but the double-maximum 1s
dominant; Just south of Arizona the double-maximum
weakens and summer rainfall 1s dominant; Just west
of Arizona the summer rainfall disappears and winter
rains dominate the southern California area; and
Just east of Arizona the winter rainfall loses
relative importance and the summer peak dominates
the annual march. Little wonder that through the
centuries the ecology of the area, strongly con-
trolled by molsture and its p%&tern of availability,
has been apparently unstable.

This verbal description is reinforced by a map, repro-

duced in Figure 2, which shows hls concept of Arizona as a
southern blseasonal center from which gradients of mono-
seasonality radiate. The data are drawn from a Fourier
analysis in which mean monthly precipitation amounts for
Sonoran Desert stations have been fitted by least squares
to two sine cur&es. The first curve has a period of twelve
months and registers its highest amplitude in cases where
there is monoseasonal precipitation with one well defined
peak; the second has a period of six months and registers
highest for stations with a biseasonal distribution contain-
ing equally spaced peaks.

Figure 3 shows the difference in amplitude between

the two harmonics. For positive values the amplitude of the

3OReid A. Bryson, "The Annual March of Precipitation
in Arizona, New Mexico, and Northwestern Mexico," Technical
Reports on the Meteorology and Climatology of Arid Regions,
No. 6 (University of Arizona, Institute of Atmospheric
Physics, 1957), p. 4.
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Fig. 2.--Difference in amplitude in hundredths of an
inch between sine approximations to annual and semliannual rain-
fall amounts. Positive: annual amplitude larger. (After

Bryson, 1957.)
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annual wave 1s larger than that of the semiannual; for nega-
tive values, the reverse is true.

Except for Plates LXXXIII-XCI the photographic sites
are north of the zero line and lie in the area of biseasonal
dominance., The southern boundary of the Sonoran Desert is
approximately delineated by the *40 per cent isogram.

Much the same sort of picture arises from a simpler
analysis involving the ratio of summer rainfall to winter.3l
In Figurewg isograms for this datum have been plotted for
Arizona; and their values, ranging from 45 per cent to 70
per cent in the desert region and the adjacent highlands,
show not only the general blseasonal pattern but the lack of
homogeneity within it, a characteristic that does not show
up to advantage in Figure 2. Two prominent gradients appear:
one extending from east to west, with winter rainfall becom-
ing increasingly dominant; the other a similar trend from
south to north.32
The first of these has been widely commented on. The

north-south trend, which is even more pronounced, may be of

equal importance, but has not been noted before. Many plants

31The seasons are defined as the six hot months (May
through October), and the six cold (November through April).

32$imilarlmaps appear in J. H. Dorroh, Jr., Certain
Hydrologic and Climatic Characteristics of the Southwest,
University of New Mexico Publications in Engineering, Number
One (Albuquerque: University of New Mexico Press, 1946); and
as Figure 7 in McDonald, "Variability of Precipitation."
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the six hottest months (May-October).
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find their northern- or southernmost limits in this area of .
rapidly changing gradients; and the shifting patterns of
seasonal precipitation may well play a part in terminating
their rangeé.

The north-south gradients are also of interest in
connection with a problem closely related to vegetation
change, the arroyo cutting that began along the streams of
Arizona about 1890.33 The peculilar topography of the south-
eastern part of the state makes 1t one of the few regions
in the Unlted States that drains northward, and the valleys
of both the San Pedro and the Santa Cruz Rivers sharply inter-
cept the gradients of seasonal precipitation. In the course
of one hundred miies the summer precipitation along them
drops from over 70 per cent of the annual total to 50 per

34 has suggested that

cent. At least one group of observers
shifts in the seasonal distribution may be responsible for

the onset of arroyo cutting, and while the evldence for this
i1s slight, the possibility cannot be dismissed. The fact that
channeling began on both streams near the 50 per cent isogram,
where summer precipitation is beginning to apprecach critical

proportions, may not be significant, but deserves investiga-

tlion.

33See Introduction, p. xxiii.

34Paul S. Martin, James Schoenwetter and Bernard C.
Arms, "“The Last 10,000 Years" (University of Arizona Geo-
chronology Laboratories, 1961), p. 89.
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Effective precipitation.--So far the discussion has
centered around the patterns of actual precipitatioh. or
much more significance to the vegetation is effective pre-
cipitation, which can be defined as the fraction of actual
precipltation that penetrates the soil surface far enough
to become available to plants, without percolating on through.

Some water 1s lost by being intercepted before it
reaches the ground. From the remainder the high temperatures
of the desert exact their toll 1n evaporation. Still more is
lost--or at any rate, redlistributed--by virtue of the violence
of summer storms, whose intenslities may exceed censiderably
the rate at which the ground 1s capable of absorbing water,
thereby producing runoff.35

Many of the resulting floods formerly escaped from
the desert through the Glla, the Sonora and the Yaqul Rivers.
Storage dams and irrigation projects now capture most of them;
but the water is nonetheless lost as far as the native vege-
tation 1s concerned. Only that part of the runoff is effective
that soaks into the gravelly beds along runnels, there creat-
ing moist, ripa{ian microenvironments in which the less xeric

native plants can flourish.

35Forrest Shreve, "Rainfall, Runoff and Soll Moisture
under Desert Conditions," Annals of the Association of American
Geographers, XXIV (1934%), 131I-156,
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The efficient use of precipitation.--The efficient use

of that part of the precipitation that does survive as "effec-
tive" has also to be considered. The point can be made by
citing an example that is striking but not entirely appro-
priate, since 1t concerns a moister region.

The ponderosa pine forests of California grow in an
area where the greater part of the annual precipitation falls
in winter. At the time when spring warming sets in, soil
moisture is still abundant, and the pines are able to grow,
produce seed, and germinate before the onset of the long
summer drought.

Forests of the same tree (Pinus ponderosa var. Qonderosa)

occur also in northern Arizona, but under a biseasonal regime
of precipitation divided about equally between winter and
summer. Because of the higher elevations of the Arizona pine
forests, and because of the greater continentality of the in-
land climate, warm weather arrives relatively late in the
spring, at a time when evaporation has already exhausted the
moisture derived from the winter rains. The trees undergo a
period of enforced inactivity until summer at which time the
second rainy season begins. Temperatures then not only permit
vegetative activity, but are optimum for it. Within the span
of a few weeks vegetative growth occurs, the trees cast their

seed, and the seeds germinate.
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In California an annual rainfall of twenty-five to
thirty inches is necessary to support the forests; in
Arizona an annual total of fifteen inches suffices.36
The extent to which the same coincidence of rain-
fall and high temperature makes for the efficient use of
summer precipitafion on the désert is an interesting subject
for speculation. The tendency among many ecologlists has
been to minimize the importance of summer rainfall to per-
ennlal plants on the grounds that evaporation consumes
most of it. This is certainly not the case with some
desert specles, and may, in fact, not be true of many.
Recent ekperiments at the Desgert Laboratory37 ingi-
cate that the efficliency of the saguaro in absorbing water
varies directly with temperature, and that, given identical
amounts of rainfall, the cactus 1is capable of picking up
and storing a greater volume in summer than in winter. The
shallow-rooted succulents of the Sonoran Desert may owe much
of their adaptability to their ability to utilize summer
moisture. Thelr abundance in a hot desert with blseasonal

precipitation; their relative absence from a winter-rain

36The discussion of pines is taken from Lyman Benson,
Plant Taxonomy--Methods and Principles (New York: Ronald
Press Co., 1962), pp. 217-213.

37Unpublished data, James Rodney Hastings and Raymond
M. Turner, Institute of Atmospheric Physics, University of
Arizona. The initial findings from the experiment have been
described in James Rodney Hastings, "Precipitation and Saguaro
Growth," Arid Lands Colloguia, 1959-60, 1960-61 (University
of Arizona, 1961), pp. 30-38.
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desert (the Mohave), and from a cool, summer-rain desert
(the Chihuahuan) méy well rest upon this ability.

The influence of temperature.--Plant responses to

temperature are no less important than the responses to
rainfal; in determining which species can toleraté desert
conditibns; if anything, the wa&s in which a plant may re-
act to temperature are more numerous and complex:

1) The temperature at which seeds germinate varies
widely from one species to another, and with desert annuals
is important in determining both their spatial distribution
and whether they occur as winter or summer annuals, in
response to winter or summer rainfall.38

2) In some cases a critical physiological function
requlres é specified temperature range. The case of the
éaguaro and its inability to pick up and store water in
cold weéthef'has already been mentioned. A similar limita-
tion has been noted for the staghorn cholla (Opuntia
spinosior), whose root growth is slow at'temperatures below
20°C., and only optimum at 3400. Its range i1s necessarily
limited to places where the rainy séason coincldes with hot

39

weather.

38F. W. Went, "Ecology of Desert Plants. II. The
Effect of Rain and Temperature on Germination and Growth,"
Ecology, XXX (1949), 1-13. For another statement of the
same view see Shreve, Vegetation of the Sonoran Desert,
p. 121.

3%111iam A. Cannon, "Distribution of the Cacti with
Especlial Reference to the Role Played by the Root Response
to Soil Temperature and Soil Moisture," American Naturallst,
L (1916), 435-442,




32

3) Within a single plant some processes may be most
efficientiy carried on at one temperature, other processes
at another, so that appropriate diurnal and seasonal varia-
fions in temperature are necessary if the plant is to carry
on all of its functions.

4) There is no evidence that unusually hot or cold
weather cén kill the'mature, native plants of a reglon, how-
ever damaging it may be .to exotics, and no matter how severe
it may seem to human beings.uo Although a given occurrence
may be rare in the weather records, the probability i1is high
that in the many thousands of years over whlich the native
vegetation has evolved, it has already experienced and with-
stood similar extremes. Nevertheless, the paleobotanical
record makes it clear that long-term shifts in cllimate can
displace plant distributions geographically, and can drasti-

cally alter the composition of the vegetation.41

40R. F. Daubenmire, "Injury to Plants from Rapidly
Dropping Temperature in Washington and Northern Idaho,"
Journal of Forestry, LV (1957), 581-85.

41The difference between a "secular trend" and an
"unusual occurrence" is not obvious, and may be only a matter
of how frequently an extreme recurs. In the case of large
perennials, the microclimates in which the seedlings and the
adults reside are substantially different. Close to the ground
it is hotter by day and colder by night, and a mature plant
which has survived these rigors as a seedling may find that
even the intensity of once-in-one-hundred-years events in the
more elevated, adult environment does not exceed what it has
already experienced. The same event, more intense near the
ground, may extingulish all seedlings, but since the seed
source has survived, this 1s a matter of small consequence
and can be remedied during the following year. Thus, only
a continuous series of rare events can ultimately diminish the
adult population by depriving it, season after season, of re-
placements.
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The reglonal range of temperature.-- As might be

expected, since they are determined primarily by the large-
scale factors of solar radlation and the earth's lag response,
curves showing the annual distribution of average monthly
temperatures on the Sonoran Desert look much the same for

all stations. A well defined yearly maximum occurs at most
places in July; a minimum in January. Inland the range be-
tween the two 1is largest, and the extremes of the curve tend
to be most sharply defined--that is to say, the climate is

most continental.42

As a result of their proximity to
water certain of the ocean and gulf stations, La Paz,
Ensenada, Santa Rosalfa and Mulegé tend to have maxima that
are delayed into August.43

The driest part of the region--that lying around
the head of the Gulf of California--is also the hottest.
Average July temperatures at Yuma, Gila Bend, San Luis,
Sonoyta and Puerto Peflasco all exceed 90°F. Average
December temperatures for the same group cluster around
55°F .

Of the photographic stations, the Pinacate Mountain:
region (Plates LXXVI-IXXXII) and Guaymas (Plates XC-%CI)

42Although, as Shreve points out, the climate 1s
nowhere very maritime. Vegetation of the Sonoran Desert,

p. 9.

*3Ronala L, Ives, "Climate of the Sonoran Desert,"
Annals of the Association.of American Geographers, XXXIX

T19%9), 161-63.
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are probably the hottest. In the former the range of average
monthly temperatures is from about 55°F. to 95°F.;44 at the
latter, from 65°F. to 90°F. '

But as with precipitation values, means in tempera-
ture do not indlcate the real stresses to which plants are
subjJect, particularly when the standard exposures for thermo-
graphs and thermometers are made in weather shelters 5 ft.
above the ground. On a June day in Tucson, a relatively
temperate desert station, Sinclair recorded a temperature of
161°F, at a depth of % mm. in the soil. At the same time a
thermometer exposed in a standard shelter read only 108.5°F.46

While the lesser figure may have more significance
for a large plant, the greater is clearly more important to
the germination of seeds and to the survival of seedlings.
It--or the even harsher temperature at the soil surface--
most nearly approaches the limiting condition for plant
life.

In light of the stereotypes that prevail with regard

to what desert conditions ought to be, the opposite extremes--

those of cold--are even more surprising.

44Estimated from the data for Sonoyta, ibid., p. 162,

%51p14., p. 163.

46John G. Sinclair, "Temperatures of the Soil and Air
in a Desert," Monthly Weather Review, L (1922), 1h2-4k,
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The distribution of freezing weather.--There 1s

probably no part of the Sonoran Desert that is free from
periods when the temperature 1is below freezing.47 Occa-
sional winter cyclones penetrate as far into Mexico as the
20th parallel.48
On one such occasion, the spectacular cold spell of
January, 1937, observers reported frost damage as far south
as Cedros, near the Sonora-Sinaloa boundary, where injury

occurred not only to tender, subtropical plants, but to

hardy types like canyon ragweed (Franseria ambrosioides)

and soapberry (Sapindus saponaria), which range northward

into the United States.'d

Near Ceqros the desert .grades into subtropical thorn
forest, and Shreve has observed that the boundary coincides
with the beginning of the frost-free zone. He proposes

implicitly, Turnage and Hinckley explicitly, that the line

47William V. Turnage and N. L. Hinckley, "Freezing
Weather in Relation to Plant Distribution in the Sonoran
Desert," Ecological Monographs, VIII (1938), 547. See
also Shreve, "Vegetation of the Northwestern Coast," op.
cit., p. 379.

48Bryson, "Annual March of Precipitation," op. cit.,
p. 4. John L. Page, "Climate of Mexico," Monthly Weather
Review, Supplement No. 33 (Washington: Government Printing
Office, 1930), p. 1.

49Tui:*nage and Hinckley, op. cit., p. 5ih.
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where freezing weathér no longer occurs be considered the
southern climatological limit for the Sonoran Desert.50

If one accepts this statement, the mere occurrence
of freezing can be digmissed as a factor making for diversi-
fication among desert plant communities, because 1t is a
factor to which all are subject. But the frequency, inten-
sity and duration of freezing spells are still of interest,
and it seems likely that at least one of them may control
the vertical zonation of plants on the mountain ranges

within the desert.

The frequency and intensity of freezing weather.--

Frequency is a relatively easy measure to study, at least
for the northern part of the region, since Arizona data

are avaiiable for the average number of days per year which
have minimum temperatures below thirty-two degrees F.51
Plotting these values against elevation for eighteen sta-
tions in the southeastern part of the state, where most

of the zonation shown in the plates occurs, one gets the

scatter shown in Figure 4a. There is, in fact, almost no

50Shreve, "Vegetation of the Northwestern Coast,™
op. cit., pp. 379-80. Turnage and Hinckley, op. cit., p..547.
Gentry, the observer at Cedros for Turnage and Hinckley, and
thelr authority for the statement about the southern limit
of the frost zone, states elsewhere that "in the Thorn Forest
frost occasilonally occurs, and during the excessive cold
wave of January 1937 frost struck into the Short-tree Forest
region.” Howard Scott Gentry, Rio Mayo Plants, Carnegle
Institution of Washington Publication 527 (washington,
D.C.: Carnegle Institution, 1942), p. 15.

51Sellers, Arizona Climate.
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relation to height above séa.level.” Bisbee at 5350 ft. has
fewer than one-third as many freezing days as Willcox at 4200
ft.; fewer than half as many as Benson at 3635 ft.

Choosing "record low" as an easily obtained, if rough,
approximation to intensity and plotting it in a similar manner,
one finds a similar lack of dependence (Figure 4b). San Simon
at 3608 ft. has experienced a low of -5°F.; Fort Grant at 4880
ft., +9°F.; Bisbee, 5350 ft., +6°F. It is clear that neither
the number of freeéing days, nor the intensity of cold bears .
much relation to elevation; therefore, to zonation.

A valuable study of freezing temperatures at three
stations near Tucson52 sheds some light on this otherwilse
puzzling lack of correlation. For a period of five years
Turnage and Hinckley maintained thermographs at two locations
near the Desert Laboratory of the Carnegie Institution: the
"hill" station, located on the shoulder of Tumamoc Hill, and
the "garden" station at the foot of Tumamoc on the plain
bordering the Santa Cruz River. Only one-half mile of
distance and 330 ft. of elevation separated the instruments.

Yet the latter station on some nights recorded tem-
peratures that were 20°F. lower than those at the former.

For the five-year period beginning with the winter of 1932-3,
the total number of freezing nights noted at the hill station

was 38; at the garden, 263. The frost season, the period

52Turnag;e.and Hinckley, op. cit., pp. 534-41.
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between the first and last freezes of a winter, averaged 36
days on the hill, and 157 days at the garden. During the
winter of 1935-6 it extended only from January 2 to January
20 on the hill; from October 24 to April 6 at the garden,
one-half mile away.

For two of the five winters a third station was main-
tained by an observer at Summerhaven, twenty-two miles away
in the Santa Catalina Mountains at an elevation of 7600 ft.
In general, the minimum temperatures at Summerhaven and at
the garden, 5100 ft. apart in elevation, were more closely
related than minimum temperatures at the garden and hill,
separated by only 330 vertical feet. During the winter of
1933~4 Summerhaven registered 57 freezing nights; the garden,
39; the hill, 6. The coldest temperature recorded on the
hill during the same winter was 28°F.; at Summerhaven,
17°; at the garden 16°. "These data indicate the high
mountains of southern Arizona do not experience minimum
temperatures very much colder than . . . those of the desert
lowlands."”>

The great differences between hill and valley, and
the similarity between valley and mountain can be attributed
largely to cold air drainage. The low humidity, clear skies

and long winter nights of the desert provide optimum

531pid., p. 541.



Lo

conditions for rapid nighttime radiative cooling of the
ground.54 The air in contact with the soil surface cools

55 and the lower alr tempera-

by convection and conduction,
tures propagate upward, producing an inversion condiﬁion in
the lower atﬁosphere in which temperature increases with
height, the reverse of daytime lapse conditions.

The air next to the earth, being coldest and there-
fore densest, tends to drain down slopes and ;way from
high plaées into lower-lying areas, where it accumulates,
contributing to a well developed Inversion layer several

hundred feet deep in many desert valleys and basins. In

the Desert Laboratory experiment the hill station lay near

54These, plus calm nights, are the classical re-
gquirements for the formation of an inversion. Dickson points
out, however, that "inversions probably are more common in
regions of diversified relief than has before been realized
and . . . they frequently occur when a moderate cloud cover
and light winds are present." Charles Ray Dickson, "Ground
Layer Temperature Inversions in an Interior Valley and Canyon,'
(University of Utah, Department of Meteorology, 1958), p. 39.

55Conduction and convection are the processes usually
given, e.g., in O. G, Sutton, Micrometeorology (New York:
McGraw-Hill Book Co.. (1953), p. 132. However, observations
that minimum alr temperatures under certain conditions are
found not at the soil surface, but from one inch to one foot
or more higher, have led to hypotheses that direct radlation
losses by the air may also be involved. J. V. Lake, "The ;
Temperature Profile above Bare Soil on Clear Nights," Quarterl
Journal of the Royal Meteorological Society, LXXXII (1950),
187_88 -
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the warmer top of such a "cold lake,"56

the garden at the
bottom of it.

With this explanation in mind the scatter of Figure
ka becomes easier to inﬁerpret. The stations in the lower
right are located in valleys and the relatively great fre-
quency of freezing temperatures can be attributed, as with
the garden station, to cold aif,drainage.57

The cold "floods" resulting from such air flows have
been recognized for many years as contributing to the inter-
digitation of life zones at the upper edge of the desert
and above. Where two zones make contact the higher commonly

reaches down into the lower along canyons and valleys, the

paths for cold air drainage; the lower reaches into the

56The phrase is that of Rudolf Geiger, The Climate
Near the Ground, trans. Milroy N. Stewart (Cambridge:
Harvard University Press, 1957), p. 195. Some useful tem-
perature profiles through an inversion layer may be found .
in Floyd D. Young, "Nocturnal Temperature Inversions in
Oregon and California," Monthly Weather Review XLIX
(1921), 138=148.

57Bisbee, which is too warm for its elevation, can
probably be explained by another topographic anomaly. The
town occupies a narrow strip along the bottom of a steep
canyon flanked on elther side by mountains that rise sharply
to a helght of about five hundred feet. The canyon falls
too rapidly to permit the accumulation of cold air; radia-
tion and counterradiation from the slopes on elther side
tend at night to warm the town, or more accurately, to de-
press its cooling rate. The same factor may operate in the
case of Fort Grant, nestled at the foot of the massive
Pinalefio range.



42
upper along ridges. In some cases, trees may descend along
streams as much as 3000 ft. below their lowest occurrence
on north slopes.58

Considered in the context of an intermountain valley,
rather thén a mountain canyon, nighttime inversion layers may
also account partially for the differences between the vege-
tation of the upper and lower parts of a bajada. On the
part of the slope nearest the mountain one commonly finds
in the Arizona Uplands such plants as saguaro, paloverde,
and the frost-sensitive ironwood. Downslope this community
grades into creosote bush and bursage which, in turn, gilve
way on the cold bottom lands to mesquite. The transitions

1,59

are usually attributed to soi which typically ranges

from coarse-textured and well drained near the mountain, to
fine-textured and poorly drained in the bottoms. The soil

factor may well be reinforced by inversion effects.6o

58Although in cases this extreme, moisture considera-
tions apart from temperature are probably involved too. The
example is from Forrest Shreve, "Conditions Indirectly Af-
fecting Vertical Distribution on Desert Mountains," Ecology,
III (1922), 269-T4.

5QSee, for example, T. W. Yang and C. H. Lowe, "Corre-
lation of Major Vegetation Climaxes with Soll Characteristics
in the Sonoran Desert," Sclence, CXXIII (1956), 542.

bOAt,Death Valley, Went and Westergaard found that
creosote bush, given adequate rainfall, germinated at tem-
peratures intermediate between those optimum for, on the
one hand, summer annuals and, on the other, winter annuals.
They found abundant larrea seedliggs gfter an October rain
when minimum temperatures wepe 15°-16"C., but nat agter rains
toward the end of August (26°C.) or November (8°-10°C.). The
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The duration of freezing weather.--In connection with

zonation one further measure needs ﬁo be examined, the dura-
tion of cold, which need not be closely related to either
intensity or frequency. Average 24-hr. minima, usually oc-
curring at night (Figure Y4c) do not show strong elevational
relations, presumably because of cold air drainage. Average
24-hr. maxima, however, occurring in daytime after inversions
lift, do (Figure 4d). Although Summerhaven and the garden
station may experiehce approximately comparable nightﬁime
freezing temperatures, the latter station with dawn rapidly
proceeds to warm and to assume its appropriate position on
the curve of temperature with respect to elevation. At the
former station, freezing may persist well into the day, or
even through it. The duration of freezing periods, then,
may be substantially unrelated at stations with similar
intensities or frequencies of cold.61

Since the patterns, because of cold air drainage,

are quite irregular with respect to elevation, the intensity

distribution of larrea on the lower, cooler part of a bajada
may be influenced by these germination requirements. F. W,
Went and M. Westergaard, "Ecology of Desert Plants, III.De-
velopment of Plants in the Death Valley National Monument,
California," Ecology, XXX (1949), 26-38.

61A case in point is the January 1937 cold wave
already referred to. The duration of freezing at both the
hill and garden stations was 19 hrs.; at Summerhaven, 130
hrs. Turnage and Hinckley, op. cit., pp. 538-42,
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and the frequency of freezing temperatures evidently do not
control the elevational limits of 1life zones. The dura-
tion of freezing spells, om the other hand, may be "the
most potent cold temperature factor on the high mountain
slopes of southern Arizona insofar as the absence of desert
plants is concerned."62

Some important facts about duration stem from some
elementary considerations about the diurnal variation of
temperature. Maxima in winter commonly occur about 1500
hrs., minima around 0600, Most freezing periods are
limited to the hours of a single night, setting in after
dark and terminating shortly after dawn, but in the event
of a prolonged freeze, assoclilated usually with an influx
of Arctic alir, temperatures below 32°F. may endure well
into the day. The freezing period can terminate with or
before the diurnal maximum, in which case duration will
be limited to around 22 hrs.; or it can contilnue through
the warmest part of the day, in which casevthe declining
temperatures of evening and night intensify it. Under these
latter conditions, barring an unusual advection of warm
air, the freeze will continue at least until the dawn of
the following day. and will result in a duration of 36 hrs.

or more.

%21514., p. 538.
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A frequency distribution for the length of freezing

periods thus is discontinuous. There are many of 22 hrs.

and less. There are some of 36 hrs. and more. Only rarely

- will there be intermediate values.

The evidence from experiments with small saguaros
led Shreve to conclude that beﬁween 20 and 36 hrs. of freez-
ing temperatures were fatal to them. In their desert habi-
tat, "the occurrence of a single day without midday thawing
coupled with a cloudiness that would prevent the internal
temperature of the cactus from going above that of the air,
would spell the destruction of Carnegiea."63

Recognizing the existence of the quantum jump in
durations, he suggested that the line along which it oc-
curred would be found to coincide with the northern limit
of the saguaro.

Turnage and Hinckley carried Shreve'!s generalization
one step further: "“The duration of freezing temperatures
throughout a night, the following day and the following
night . . . coincides with the northern limit of the Sonoran
Desert and with the vertical limit of desert vegetation on
mountain slopes and tablelands."64

Although values for 36-hr. duration are hard to

come by, another datum is readlly available, the number of

63Forrest Shreve, "The Influence of Low Temperatures
on the Distribution of the Giant Cactus," Plant World, XIV
(1911), 1h44,

64

Turnage and Hinckley, op. cit., pp. 542-47.
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days per year when the maximum 24-hr. temperature does not
rise above freezing.65 Fbr‘reasons given above, the two
measures are roughly equivalent.

In Figure 5 the latter datumlhas been plotted for
all stations listed in Arizona Climate. The line separating

the locations which have never recorded such a day from those
which have, coincides exactly with the northern boundary of

the Sonoran Desert as drawn by Shreve on the basis of vege-

tation and flora.66 It also agrees exactly with Shreve's

distributional map for the saguaro.67

65Sellers, Arizona Climate.

66Shreve, Vegetation of the Sonoran Desert, Map 1. The
data in Arizona Climate showed, with two exceptions, that no
station 1lying in the deserg had ever recorded a day when the
maximum temperature was 32 or less. One of the exceptions
was Bartlett Dam, which had supposedly experienced such a day
in October. An inspection revealed that one diglit had been
dropped frog a punch-card entry, ang that a maximum tempera-
ture of 100~ had been entered as 10°. The Arizona Climate entry
is, therefore, in error, and has been corrected in Figure 5.
The second exception was Silverbell; the present staBion lies
in the desert; however, the maximum of less than 32° was re-
corded at an earlier location four miles away, at a cooler
site in a valley on the northwest side of the Silverbell
Mountains. The Silverbell temperature record, therefore, is
distinctly nonhomogeneous. See U. S., Department of Commerce,
Weather Bureau, Substation History, Arizona (Washington, D.C.:
United States Government Printing Office, 1956), p. 81.

71pid., p. 140. For what it is worth in the largely
philosophical debate among ecologists over the relative im-
portance of means and extremes in controlling plant distribu-
tions: Shreve'!s Sonoran Desert boundary algo coincides pre-
cisely with a mean monthly isotherm of 64.2°F. If extremes,
in the form of record lows, gre plotted, no isotherm will fit.
That for a record low of 8.5 F. comes closest; however, it
throws Bagdad, Miami, Globe and Santa Rita Experimental Range
headquarters into the Sonoran Desert, and excludes Tucson,
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owmame BOUNDARY OF SONORAN
DESERT (Shreve, 1951)
©  NO DAYS IN RECORD

* SOME DAY, BUT MEAN VALUE S
LESS THAN /2 DAY PER YEAR e

Flg. 5.--Mean number of days per year with no rise above
freezing temperatures., :

.
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The climatological limits of the_Sonofan Desert.-- -

Bearing in mind that "desert" is a fairly imprecise term in
both climatological and ecologlcal usage, and that in no
event 1s there a sharp bouhdary between an arid region and
its semiarid borderlands, fairly definite climatological
limits for the Sonoran Desert may be stated:

On the south it is bounded by the line of farthest
advance of frost. To the east and north, and on thg mountain
slopes lying within it, its limit is the line beyond whicp
there is no midday interruption of freezing temperatures.

To the west its extent is apparently fixed by an isohyet
of summer rainfail.

Within these broad confines the climate is varied,
yet homogeneous enough to produce a distinctive vegetation.
The vegetation i1s homogeneous enough to be clearly recogniz-

able; yet it also has a great deal of diversity.

‘

Maricopa and Casa Grande National Monument. The mean minimum
temperature for January--more or less a hybrid between mean
and extrege--gives somewhat better results; the isotherm

for 47.55°F. excludes only Wickenburg, Reno Ranger Station
and Aguila. This is not to say, of course, that the physio-
logical processes of a sa%uarS respond in any maglic fashion
to a mean temperature of 64.2°F, It merely states a truilsm
that is frequently overlooked by "extremists," and that,
therefore needs to be emphasized: a mean 1s more apt than an
extreme to correlate well with a large variety of other tem-
perature measures, at least one of which--llke duration of
freezing here--may have real physlological signiflcance.

A mean 1s therefore more likely than an extreme to be useful
in defining a plant's distribution, even though the actual
limiting temperature factor may be unknown, and may be neither
a mean nor an extreme.
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The Vegetation of the Region

Life zones and provinces.--The plant life that exists

at a given place in the desert region depends in general upon
the location with respect to three axes, running east-west,
north-south, and up. Climatic gradients occur along all
three, and the vegetation tends to respond to the gradients
generally, but with strong disruptions due to edaphic'and
microclimatic influences.

On the basis of the plant 1ife one can distinguish

' which, continuing the pseudo-geometric

several "life zones,'
analogy, are bounded by roughly horizontal surfaces, dipping
or rising with variation in rainfall and temperatures, and in
the case of at least one-~-that bounding the oak woodland zone
on the bottom-~tilting toward the south. Wherever a land
form intersects such a surface, the vegetation undergoes a
pronounced, but usually gradual change.

Only three of the zones, the oak woodland, the desert
grassland and the desert are deplicted in the plates. The
first two occupy only a small part of the region, and are con-
fined either to the upper reaches of 1lsolated mountain ranges
within the desert, or to the continuous highlands lying ad-
Jjacent to 1it.

The third life zone, the desert, occupies by far the
}argest extent, and on the basis of the distinctive plant

associations wiﬁhin it, Shreve subdivides it into sevenr
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68 These are shown in Figure 6, but only three of

provinces.
them, the Lower Colorado Valley, the Central Gulf Coast, and
the Arizona Uplands are of particular concern.

The Lower Colorado Valley.--A line projected from

San Luis, on the Colorado River in Mexico, eastward through
Tucson connects two of the subdlvisions, the Lower Colorado
Valley and the Arizona Uplands.

The first of these, depicted in Plates LXXXV-XCI is
possibly the hottest and driest of the provinces. Its bi-
seasonal rainfall tends to be equally distributed between
winter and summer, or slightly unbalanced in favor of
winter,

Its vegetation, as one mighﬁ expect from the degree
of aridity, 1s simple, sparse, and relatively uniform. Creo-

sote bush (Larrea tridentata) and white bursage (Franseria

dumosa) constitute the commonest community, giving the land-

scape é characteristic drab, monotonous appearance, and almost

unaccompanied occupying large stretches of the plains and

the gentle bajadas'that make up the greater part of the province.
Where soil moisture conditions are locally more favor-

able--along runnels or on upper bajada slopes--sSpiny shrubs'

and small-leaved trees lend the landscape a diversity that

elsewhere 1s lacking. Streamways in particular stand out by

68Shreve, Vegetation of the Sonoran Desert, pp. 39-48.
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Fig. 6.--The vegetative provinces of the Sonoran Desert.
(After Shreve, 1951.)
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virtue of the mesquites (Prosopis juliflora), smoke trees

(Dalea spinosa) and ironwoods (Olneya tesota) that line them.

The channels carry water infrequently; yet the rapidity of
infiltration through their gravelly beds, toggther'with the
small additional increment of runoff that they receive spells
the difference to many perennials less xeric in their tolerances

than Larrea or PFranseria.

Physiographically the proVince is more uniform than
the others: only a few mountain ranges, and they relatively
low, interrupt the plains. Sand dunes and malpals fields--
the latter the product of receht volcanic activity--occur
toward the.south and support distinctive communities of their
own. The Pinacate Mountain region'(Plates LXXVI-LXXXII), where
lava flow and dune exist side by side, is a checkerboard of
dark and light localities supporting an intricate mosaic of
vegetation that responds sharply to the patterns of soil and
albedo.

Proceeding eastward along the line, one crosses a
series of plains that ascend like giant stairs, each separated
from the other by mountain ridges that grow higher and more
massive the closer one approaches to the spine of the continent.
With each fread the plant life grows richer and moré diversi-
fied until around Ajo the vegetation of the Lower Colorado
Valley grades imperceptibly into that of the Arizona Uplands.

The Arizona Uplands.-+{Plates LV-LXXV). In this

province foothill paloverde (Cercidium microbhyllum) and
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the saguaro form an association as distinctive as that of
Larrea and Franserla to the west. The latter still domi-
nate the intermontane plains and the lower bajadas, but they
now are accompanied by a retinue of smaller plants, and by .
virtue of the changing relief, cover an area secondary to
that occupied by the upper bajada--hill communitiles.

Open stands of small-leaved trees interspersed

with éhrubs and succulents~--both the low-growing prickly

pears and the taller saguaro (Carnegiea gigantea) and organ-

pipe cactus (Lemaireocereus thurberi)--characterize the upper

bajadas. A wealth of smaller perennials intermingles with
them, resulting in a complex, well-developed vegetation
that contrasts sharply with the simple plains of the Lower
Colorado Valley and that is opposed in many ways to a
desert stereotype.

To the east the arid uplands give way to the semi-
arid grasslands, and the intermontane stairs climb gradually
out of the desert. Southward, moving now along a second
line running roughly from Ajo to Puerto Libertad, the vege-
tation becomes retrograde at about the International Boundary.
A new watershed, draining south, brings with it decreasing
elevations, and the Uplands merge iﬁperceptibly back into
the Lower Colbrado Valley; 1t, in turn, into the distinctive
Central Gulf Coast province.

The Central Gulf Coast.--(Plates ILXXXIII-XCI). This

part of the Sonoran Desert lies astride the Gulf of California,
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partly in Baja California and partly along the west coast
of Sonora. Shreve édnsiders it the driest subdivision of
the desert,69 although its claim to this distinction 1is not
clear from the meager climatologlcal data.

Two genera almost unknown in the United States,

Bursera and Jatropha, constitute the characteristic asso-

clation of the province. The Julcy stems of these plants,
grotesquely swollen in the case of the aromatic copals,
contribute substantially to the uniqueness of the landscape.

Such species as the carddn (Pachycereus pringlei), a glant

cactus that here tends to replace the saguaro, and the

boojum tree (Idria columnaris), which grows at only one

place on the west coast of the mainland (although abundantly
in Baja Califorhia) further the impression of strangeness.

Toward the shore line the plant life tends to be-
come open and simple, ylelding in‘some places to low,

almost pure stands of Frankenia palmerli, a gray, small-

leaved shrub that seldom extends far inland.

Such are the general features of the subdivisions
of the desert with which this study 1is éoncerned. The other
two life zones of interest wlll be discussed at some length
in the chapters that deal with them; a brief introduction
to them will suffice here:

91p1d., p. 91.
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The upper life zones.--They are essentially vertical

zones, .whose elevation 1limits can, subJect to some varla-

tion, be predicted reasonably well. Several or all of them

may be seen in the course of ascending a single, large

mountalin range.

As one leaves the desert, the small-leaved plants, or
microphylls, become less consplcuous, and plants armed
with spines, thorns or prickles are left behind.
Grasses lncrease in importance, and if large areas
of gentle terralin occur at the upper edge of the ..
desert, the grasses willl predominate, with a local
scattering of fleshy-leaved century plants or suc-
culent-stemmed yuccas.

Beyond the grassland, widely spaced live oaks intro-
duce the next zone. Many grasses from below are
still present, but now occur as the matrix for ar-
borescent members of the communlty. Somewhat
higher, the oaks, ever more closely spaced, are
Joined by other evergreen sclerophylls, or hard-
leaved plants. The increase in density of the oaks
and the greater complexity of the flora mark the
upper edge of the woodland, and one passes from it
to the fourth life-zone, characterized by long-
needled pines.

Its lower portions still include several specles
of live oak, which extend upward beyond their own
zone of dominance and mingle among the taller
trees 1n a wholly subordinant role., With increas-
ing elevation, the vegetation of the forest becomes
simpler; live ocaks drop out and the number of specles
of pine also becomes fewer.

A fifth zone at yet higher elevation is recognlzed
by the appearance of white fir and Douglas fir and
the decreased lmportance of the pines. And finally,
several of the hlghest and largest mountain masses
in the area support at their tops dense forests of
spruce and fir.

Such 1s the general character of valley and mountain
vegetation in the region: desert, desert grassland,
oak woodland, pine forest, Douglas fir and spruce-
fir forests in order of increasing elevation.



56
This pattern is altered, within well defined limits,
by several forces such as soll and topography, so
that the grassland, for example, may be eliminated
from certain areas where the desert then merges
into the oak-dominated woodland above.7O
The zones may interdigitate; or where cool, moist
north slopes are in close proximity to dry, south slopes,
there may even be an inversion of the usual positions.71
Latitude, the size of the mountain mass, its composi-
tion, and the elevation of the basal plain all play roles in
determining the vertical limits within which the transition

from one zone to another will ocqu:'.?2

And as the plates
will show, the boundaries may also shift with time.
Zonation, like other characteristics of the vegeta-
tional distribution, 1is variable and complex and subject to
" influence by a dozen climatic, edaphic, topographic, and
cultural factors. Soil, temperature and water are its most
obvious controls. The influence of living creatures may,
by comparison, seem insignificant. Nevertheless, their
activities, over many centurles, must inevitably have

played a part both in zonation and in shaping the other

patterns of desert vegetatilon.

70Unpublished manuscript, Raymond M. Turner, Unlted
States Geological Survey, Tucson, Arlzona,

"lgnreve, "Conditions Indirectly Affecting Vertical
Distribution," op. cit., p. 270. Joe T. Marshall, Jr., Birds
of Pine-0ak Woodland 1 in Southern Arizona and Adjacent Mexico
(Berkeley: Cooper Ornithological Soclety, 1957).

T2gnreve, "Conditions Indirectly Affecting Vertical
Distribution," op. cit., pp. 271-3.
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During recent centuries one such activity, at least

in the premises of an anthropocentric world, has tended to
overshadow the others. Man aﬁd the part of cultural factors

must now be examined.



CHAPTER II
THE INFLUENCE OF MAN: INDIANS, SPANIARDS, MEXICANS

Introduction

The continuity of cultural factors.~-In attempting

to assess the importance of man's role in recent biological
change on the Sonoran Desert, the temptation is strong to
follow the dictates of convenience, and postulate a "natural,"
static vegetation that existed one hundred years ago. One

can then measure the extent to which Anglo-American settle-
ment "disclimaxed" this "undisturbed" situation.

The relative simplicity of the model recommends it
but one suspects first, that if for no other reason than
that 1t is simple it ought to be regarded warily, and one
suspects secondlf, that it partakes of some particularly
loaded value Jjudgments about civilization and nature. In
the past the same emotional predisposition implicit in the
model led Locke to postulate a "state of nature" as the
origin of contractual, constitutional government before
its usurpation by kings, Rousseau to blame society for cor-
rupting the natural goodness of man, and Chateaubriand to
compose his 1dyll of Réné and Atila in an unspoiled forest.

All of these attitudes have in common that they

contrast a "natural" situation which is "good" with an
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"unnatural" influence that is "bad," and which, furthermore,
stems from the activities of civilized man. They all in-
volve certalin assumptions about the nature and value of
civilization that are not entirely temable, and they all
assume a process of historical development that does not
accord entirely with the f’acts.l
Something of this tone carried over from the
eighteenth century into the militant conservationism of
the 1930's, and one still hears echoes of it from naturalists
who feel that Anglo-American culture is "unnatural" and that
it has been pervasively disruptive of an existing "natural
order.
One of the most vigorous critlcs of this view,
James C. Malin, insists that the plow merely performs more
completely and rapidly the same cultivation of the soil
that takes place continuously in nature through the actlon
of piants and animals; and he denles, for example, that
water and wind erosion in the Midwest were the work of the
white man. He emphasizes the‘"virtually continuous charac-
ter of disturbance to soil and to vegetation during the whole

[of] Pleistocene and recent ‘cime."2

lThe persistent concept of civilized man as the
irrational element in an otherwise balanced and orderly
world has been ably examined by Carl Lotus Becker, The
Heavenly City of the Eighteenth Century Philosophers
(New Haven: Yale University Press, 1932).

2James C. Malin, The Grassland ggnNorth America
(Lawrence, Kansas: James C, Malln, 1956), pp.l52, 22-26,




60

Certainly long before the cattle-drives out of
Texas into the Sonoran Desert man's activities played an
integral part in the biolméical balance of this area,
Mexican cattle roamed the grassland well before 1880; and
Spanish cattle, long before the United States existed. |

At least four centuries ago, and possibly eight,
the Indian population of the desert was larger than the
- total population, European ana Indiah, that the area sup-
ported in 1880. It was probably as large, in fact, as the
population of most of the region as late as 1940, Further-
more, the aboriginal peoples subslsted totally on the re-
sources of the land without relying on food from a mid-
western granary or from a warehouse in the central plateau.
Their impact on other living creatures, animal and plant,
may have been substantial.

What we have to consider, then, is not a "natural"
situation disrupted by "artificial" events following the
American occupation, but rather a fluid environment shift-
ing with the centuries under the impact of a succession of
cultures, each differing somewhat from the preceding in
its relation to the life around it. The Mexican phase
gave way in the 1850's to the Anglo-American society that
has since remained dominant. In some respects the new
culture impinged more on 1its surroundings than did its

predecessors, and in some respects, rather less.



The question to be answered 1s whether its dif-

ferent emphasls has been sufficient to account for any
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of the vegetative changes that have taken place since 1880.

The Indlans
Of the four general cultures to be considered--

Indian, Spanish, Mexican and Anglo-American, the first is

least known. Partly this is so because 1t is the farthest

removed in time; partlyvbecause it left no written record

of its owﬁ but must be recreated through archaeological

S

remains, through second-hand impressions recorded by alien

and sometimes unsympathetic cbnquerors, and through in-
ferences made by anthropologlsts observing the Indian
societies at later stages.

By 1600 when Spanish contacts became frequent
enough to result in a sketchy knowledge of the peoples
inhabiting the Sonoran Desert, three groups may be dis-
tingulshed, depending on the basis they enjoyed for their
economic life.3 The individual cultures making up these

three groups are shown in Figure 7.4

3The categorlization of the three groups, the
terminology and much of the discussion 1s borrowed from
Edward H. Spicer, Cycles of Conquest (Tucson: Univer-
sity of Arizona Press, 1902), pp. 8-15.

4Figure 7 has been redrawn from Carl Sauer, The
Distribution of Aboriginal Tribes and Languages in North-
western Mexico ("lbero-Americana," 5 [Berkeley: Univer-
sity of California Press, 1934]). For a discussion of
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Nonagricultural bands.~-Along the Central Gulf Coast

roamed nomadic bands of Seris, a loose Spanish designation
for a number of otherwlise diverse bands who practiced no
formal agriculture and who resisted Spanish attempts to
settle them in fixed centers around a mission. They sub-
sisted entirely by hunting, fishing and gathering the edible
parts of natlive plants.

At the time of his investigation late in the nine-
teenth century McGee reported that cactus fruits from the
saguaro, carddén and prickly pear comprised about nine
per cent of the Seri diet. Flour made from mesquite beans,
seeds collected from sedges and grasses in the mud flats
along the Gulf, nuts gathered on the mountains, and small
quantities of a local seaweed, in that order of importance,
compieted his list of their wild plant foods.5

The band peoples.--A second group that included the

Apaches practiced a little agriculture and, although no-
madic, had favored locations in which they recurrently

settled. Although the Apaches are important to history,

the Sumas and their relation to the Apaches who later
occupied the same area see Jack Douglas Forbes, "The
Janos, Jocomes, Mansos and Sumas Indians," New Mexico
Historical Review, XXXII (1957), 319-334. Forbes
disagrees with Sauer's interpretation.

5W J. McGee, "The Seri Indians," Annual Report of
the Bureau of American Ethnolog§ 17, 1895-96 (Washington:
Government Printing Office, 1898), | pt 1, pp. 206 ff.
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by and large they are peripheral to an ecological discussion
of the desert region since for the most part they dwelt on
its fringe.

Like the Seris they hunted and were food-gatherers.
Their formal agricultural activities, limited in extent,
took place largely outside of the area considered here,
but some of their informal practices--cattle stealing and
raiding--later were of considerable lmportance to the area
within.

The rancherfa peoples.-A third group occupied by

far the greatest part of the Sonoran Desert and may be
called, after their diffuse, more-or-less permanent vil-
lages, the rancheria peoples. They subsisted by a mixture
of farming and wild food gathering, with the former tend-
ing to predominate, but varying in its importance among the
different subgroups,

At one end of the scale the Yumans, occupying the
Lower Colorado Valley province, depended most heavily on
wild foods and least on agriculture.

To their south and east dwelt the Pimans, whom a
blending'of current and Spanish terminology customarily
divides into three subgroups, the Papagos, the Upper Pimas
and the Lower Pimas. Their settlements, more townlike
than those of the Yumans, still migrated, commonly moving
in summertime to the valleys where there wés surface water

for irrigation.
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The Papagos shared the occupancy of the Lower Colo-
rado Valley province with the Yumans and like that group
tended to be simpler in their habits than the village peo-
plesa to the south. The Upper Pimas inhabited the Arizona
Uplands; the Lower Pimas, the Plains and the Foothills of
Sonora.

Along the southern and eastern edges of the des-
ert lived the most highly organized of the rancher{a
groups, the Yaquls and the Opatas. The former occupied
the banks of the river whose name they share and whose
perennial flow was large enough to maintain their exten-
sive agricultural activities and support thelir permanent,
well organized settlements. The latter tribe inhabited
the uplands around the R{os Sonora, San M{guel and
Bavispe.

The slze of the aboriginal population.,--Estimates

of the size of the native population at the time of their
contact with the Spaniards vary within relatively narrow
limits. One study places the number of Lower Pima, Opata,
Seri, Pima Alto and Yaquil at about 155,000.6 Although
part of these lived outside the boundaries of the region

being considered, the addition of the Yuman peoples to

6Carl Sauer, Aboriginal Population of Northwestern
Mexico ("Ibero-Americana," 10 [Berkeley: University of
California Press, 1935]), p. 5.
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‘the north partlially off'sets the dimﬁnubion. After adjust-
ment, ﬁhe net population in 1600 of the Sonoran Desert re-
glon, excluding Baja California, would be perhaps 150,000,

A second study gives no overall valué, but from
the individual figures presented, a total of 120,000 would
appear to be reasonable for the same area at the same time.7

Under the impact of new disease and in the wake of
the social upheaval that followed the conquest, the abo-
riginal population dropped precipitously.8 It required
nearly three centuries of European colonlzation to restore
the region to its o0ld density, and Sauer, writing in 1935,
could state for northwestern Mexico that "aboriginal rural

populations and present ones are much the same."’9

7Spicer estimates the rancherfa groups to number
about 150,000, These include, however, 30,000 Mayos who
fall outside the boundaries of the Sonoran Desert, and
perhaps 15,000 of the 25,000 Opatas. . To the remalning
105,000 must be added Serls, Yumans, and a few Apaches.
Spicer, Cycles of Conquest, pp. 12, 99-100.

8Two studies that pertailn to other parts of New
Spain, but nevertheless llluminate the decline of the
aboriginal population under the impact of Spanish culture
are Sherburne F. Cook and Lesley Byrd Simpson, The Popu-
lation of Central Mexico in the Sixteenth Century ("Ibero-
Americana,” 31 [Berkeley: University of California Press,
1948]); Sherburne F. Cook, Population Trends among the
California Mission Indians ("lbero-Americana," 17

[Berkeley: University of California Press, 1940]).

9Sauer, Aboriginal Population, p. 32.




A demographic study of the Vizcafno province in Baja
California reached a more extreme conclusion:

After nearly 150 years 1in which the Central Desert
has been open to settlement by people possessing the
technological resources of western civilization,
with substantially no native population to interfere
with their activities, the population has slowly
risen to only about one-fifth the number of the
aborigines whom the misslonaries found in the area
a century earlier. There is no evidence that the
number of residents will grow in the foreseeable
future, and some indication that it will decrease..
In terms of ecological adjustment, at least, modern
Mexican civilization has not matched the achieve-
ments o{ the Indians who once occupled the Central
Desert. 0

The ecological lmpact of food-gathering.—-The ex-

tent to which the Indlan population influenced the ecolog-
ical balance of the region in pre-Spanish times cannot be
stated with any precision. Certainly it impinged on the
plant and animal life at many points.

An examination of the records for Baja California
yields a partial 1list of the plants that were used as food
by the Indians of the Vizcafno: fruits from the organpipe,

carddn, sinita, prickly pear, barrel cacti, mesquite, iron-

wood, paloverdes; JjoJjoba, canyon grape, elephant tree and

Mexican tea;'the roots of yucca and Amoreuxla palmatifida;
‘ 11

the'stems, roots and buds of century plants.

lOHomer Aschmann, The Central Desert of Baja
California: Demography and Ecolo ("Ibero-Americana,"
2 [Berkeley: Universi¥y of California Press, 1959]),

p. 268,

111pid., pp. 78-93.
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For the Arizona Uplands an elaborate list of shrubs
and herbs used as food, wood and medlcine 1s presented by
Pfefferkorn, an eighteenth-century missionary at Atil. To
many of the'plants already listed he adds the saguaro and
mescal as foods; mangrove, lronwood and mesquite as wood;
creosote bush, yerba de pasmo, and a whole host of unidenti-
fied herbs that were gathered for their medicinal qualities.12
From a twentieth-century report_on the Pimas of
the Gila River Indian Reservation, located in aFSOne transi-
tional between the Arizona Uplands and the Loﬁer Colorado
Valiey, several species of saltbush, catkins from the gotton-
wood, catclaw beans, the fryits of pencil cholla, staghorn

cholla and Mexlcan crucillo, cotton seeds and Solanum

elaeagnifolium can be added to the 1list of edibles.13

Father Nentulg, stationed at Guasavas in the Foot-
hills of Sonora in the eighteenth century repeats most of

Pfefferkornt's list, but includes amole and a group of

Ignaz Pfefferkorn, Sonora, a Descripflon of
the Province, trans. and ed. Theodore E. Treutlein
T—Tbuquerque' The Uhiversity of New Mexico Press,
1949), pp. 46-78.

3Frank Russell, "The Pima Indians," Annual -
Re ort of the Bureau of American Bthnology No. 20,

-05 (Washington: ~Government Printing Office,
19—8', pp. 68 ff.
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herbs whose ldentlities are not clear.l4' Missionaries in
the oak woodland could doubtless have added plants from
that zone. The list 1s lengthy but its ecological signifi-~
cance 1s not obvious.

Under some conditions food-gathering may aid in
the distribution of a species: the gathering of grass
seed by tlail and basket is one example,15 the famous
"second harvest" by the Seris and the Indians of Baja Cali-
fornia, who recbvered undigested seeds from fecai matter,
another.l6

But when he wholly consumes and dilgests theilr

fruits, man may interfere with the normal repopulation

14 juan Nentuig], Rudo Ensayo, trans. Eusebio
Guiteras (Tucson: Arizona Silhouettes, 1951), pp. 36-52.
The work is usually attributed to an anonymous author,
but Pradeau has demonstrated that Nentulig wrote it, and
there seems to be no reason to continue the anonymous
attribution. See Alberto Francisco Pradeau, "Nentuig's
éDescription of Sonora,'" Mid-America, XXXV (1953)

1-90. .

15George F. Carter, "Ecology--Geograply--Ethno-
botany," Scientific Monthly, LXX (1950), 73-80.

16Johann Jakob Baegert, Observations in Lower
Callfornlia, trans. and ed, M. M. Brandenburg and Carl L.
Baumann (Berkeley: University of California Press, 1952),
pp. 67-68. Russell notes the custom among the Pimas on .
the Gila Indian Reservation and suggests that "There would
seem to be some special value ascribed to [such seeds,
apart from their nutritional function]." Russell,
"The Pima Indians," op. cit., p. T1l.
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of plants. And where his attention is directed to parts
other than the frults, his Influence may also be adverse.

McGee cites the rarity of barrel cacfi in Seri-
lénd, and states that the few he saw were elther wounded
or dwarfed. Once one is past the sturdy spines and the
waxy outer skin the pulp of the cactus provides a ready
source of water. Invthe dry reaches of the Central Gulf
Coast, "1ts dearth suggests destruction nearly to the
verge of extinction by improvident generations better
armed with thelr hupfs and harpoons and shell cups than
the subhuman beasts against whom the plant is so well
pro‘cected."17

Aséhmann speculates in a similar veln about the-
fate of century plants in the Vizcaino province. He
notes thelr absence from old mission sites and water-
holes and concludes that past disturbance by the Indians
was responsible. Y“After finding . . . a clump an Indian
woman could cut and carry enough hearts to feed her family
for some time, but this procedure might entail the com-
plete destruction of a plant community that was the product

of decades, perhaps of centuries, of slow desert growth.“18

17McGee, "The Seri Indians," op. cit., p. 207

lBAschmanh, The Central Desert, p. 79.
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In the jungle of qualitative assumptions that must be
made about the lmpact of food—géthering, any quantitative in-
formation seems welcome. In his study of the Seri, McGee
reports that the 300 "full eaters" of that tribe consumed
27,000 1lbs. of cactus frults per year, or 216,000 individual
fruits. Per person this amounts to 90 1lbs. or 720 indlvidual
fruits.t? '

There 1s, of course, no way of knowlng what propor-
tion belonged to each of the species involved, the carddn,
the saguaro and the prickly pears; 1in any event the pro-
portion would vary from year to year. But if one assumes
that the saguaro's characteristics prevail for all species,
there would be abouF“6O fruits per plant,zo and an average
plant density of perhaps 6 per acre.21 On this basis a

"rull eater” consumed the output of about 2 ac.

19McGee, "The Seri Indians," op. cit., p. 214.

20S. E. McGregor, Stanley M. Alcorn and George
Olin, "Pollination and Pollinating Agents of the Saguaro,"
Ecology, XLIII (1962), 266, These authors estimate that
an average saguaro bears "about 4 flowers per day over a
30-day period each year," and that "half of these flowers
normally set." _ . .

21A density of 116 plants per acre has been ob-
served near Redington, Arizona. The stand shown in Plate
IXI has about 33 per acre. Raymond M. Turner and James
Rodney Hastings, University of Arizona, unpublished data.
A stand with 6 per acre, the figure used here, would be
very open, but the density has been deliberately assumed
low to arrive at a maximum impact for food-gathering.
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If each of 100,000 "full eaters"™ matched this per-
formance, Indian food-gathering would account for the frult
from 200,000 ac., or about 400 sq. mi. When one considers
the range of the saguaro, this i1s not an impressive total,
and it becomes less impressive still when divided'among
several speclies of cacti, some with larger density values.22

In terms of the number of indlividual seeds eaten
it is, of course, large: the fruits consumed are theoret-

10 new saguaros.23 But

ically capable of producing 1.4 x 10
one must bear in mind that a successful germination followed
by a successful establishment is a rare event, and virtually
all of the seeds would perish even if man did not consume
them.

A more illuminating calculatlion is that one saguaro
produces about 12 x 106 seeds during the century which con-
stitutes its active reproductive life. In a stable stand
one individual matures for each that dies. The end product

of 12,000,000 seeds, therefore, 1s one plant that grows to
maturity. Calculated on this basis, the total aboriginal

22Even with the saguaro, 12,000 ac. would suffice
to feed 100,000 people if the stand were as dense as
that at Redington.

3Computed on the basls of 2000 seeds per fruit
McGregor, et al., "Pollination and Pollinating Agents,"
op. cit., p. 266, .
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consumption across the entire expanse of the desert would
result in the potential loss of only 1000 plants per year.24

Moreover, in view of the uncertainties of quali-
tative ecology one cannot be sure that food-gatherling would
tend, even this weakly, to suppress plant repopulation.
Many cactus seeds remain vliable after passing through an
intestinal tract,25 and the effect of human consumption
might be merely to disseminate them more widely than would

otherwlse be the case.

The ecological impact of cultivation.--The arti-

ficlal cﬁltivation of plants may have been a more potent
factor in pre-Spanish ecology than food-gathering. Many
of the rancherfa peoples practiced simple irrigation and
there were probably few places amlid the recesses of the
desert that remained undisturbed for long where there was

both water and tillable land.

24This discussion must be slightly qualified by

the observation that other Indian groups may have made
better use of cactus fruits than did the Seris, on whose
improvident consumption these calculatlons are based.
Pfefferkorn observes that hls Pimas made cakes of the
fruits, which "keep for two or three months without spoil-
ing at all." Pfefferkorn, Sonora, pp. 76, 200. Russell,
“"The Pima Indians," op. cit., p. 72, describes both syrup
and dried balls made from the fruit. "The supply [of
fresh fruit] 1s a large one and only industry is required
to make 1t available throughout the entire year." In any
event, ‘one can inject a factor of two or even four into
the calculations without affecting the conclusion.

258tanley M. Alcorn, "Natural History of the Sa-
guaro,™ Arid Lands Colloquia, 1959-60, 1960-61 (Univer-
sity of Arizona, 1961), p. 24, See also the discussion
of scatophagy, above,.n. 16.
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Where perennial rivers blsected the plains--along
the Yaquil, the Colorado and its tributary, the Glla--the
opportunities existed for extensive agriculture. But most
of the Sonoran streams were dry by the time they debouched
from the uplands, and until the occurrence of the pump,
irrigated farming was confined to thelr frequently narrow
upper reaches.

Numerous clearings must have dotted the valley floor
wherever the course of the stream left room between it
and the rocky slopes at the side. As the river shifted
with time or perhaps as the yield decreased from a plot,
the flields may also have shifted, so that over the course
of several centuries a continuous ribbon of disturbance
can be envisloned, some parts cultivated, some recently
abandoned, some overgrown.

An informative picture can be recreated of the
conditions prevaliling along the San Pedro River from the
records of a trip in 1697 by the missionary Francisco
Eusebio Kino.26

He and his companions found about 2000 Indians

living in twelve villages scattered along the valley

26Herbert Eugene Bolton (trans. and ed.), Kino's
Historical Memoir of Pimeria Alta (Berkeley: University
of California Press, 1940). Juan Matheo Mange, Luz de
tierra incdgnita en la America septentrional y diario de
las exploraciones en Sonora, ed. Francisco de Castillo
(Mexico: Talleres Graficos de la Nacién, 1926),







