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Frontispiece. Geographic distribution of the saguaro (Cereus giganteus) in the Sonoran Desert region. Triangles
indicate saguaro observations. In addition to our own observations, these include distributions reported by

Benson (1940, 1950, 1969), Shreve (1951), Soule and Lowe (1970), and Hastings, et al. (1972). Boundary of the
Sonoran Desert from Shreve (1951). Some major islands are not shown.
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Preface

The saguaro is a long-lived tropically derived species with relatively
recent evolutionary origin. Under the powerful selective pressure of an
ever-changing climate the species is still actively evolving. Dramatic fluc-
tuations in certain of its populations, witnessed during this century, are a
critically important, wholly natural, and widely misunderstood part of this
dynamic process.

In this third volume in the National Park Service series of reports on
our investigations on the ecology of the saguaro, we integrate some of the
results of our previously reported investigations with more recently ac-
quired data on these and other populations. In this report we explore the
relationship of these results to questions on adaptive strategies, natural
selection, and the continuing evolution of the species.

Within the perspective of the evolutionary time scale appropriate to
the problem, we are obliged to examine these questions within a minuscule
time-slice of a few decades, aided occasionally by a bit of insight
stimulated by a coincidentally recorded historical note. To seek definitive
answers to questions on the life history of an organism that survives to an
age approximately twice that of the seeker suggests a certain degree of ar-
rogance. If such exists at the outset of the quest, it is rapidly dispelled by
the many frustrations inherent in securing appropriate data on a long-lived
species.

Humility comes quickly when one is faced with attempts to interpret
the present significance of unrecorded or obliquely documented events
that may have occurred as much as a century or more before one’s birth.
Even more humbling in the face of unknowable future events are attempts
at prediction. One quickly recognizes that such predictions—ultimately
based on observations that, of necessity, span only a fraction of the
species’ normal generation time—are, at best, tenuous indeed.

Numerous journalists dedicated to the philosophy that ‘‘bad news
makes good copy’’ have enthusiastically promoted and perpetuated the
widespread popular belief that the saguaro is doomed to early extinction.
Such stories have their origins in the medically oriented and ecologically
untenable myth that locally spectacular saguaro die-offs—that are, in
fact, a completely natural response to normally occurring climatic
events—are the result of a mysterious, devastating, and incurable
‘‘disease.”” The myth, coupled with photographic examples of decompos-
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ing dead saguaros, constitutes the grist for scores of emotionally charged
stories on the impending ‘‘demise’’ of the species. The following, for ex-
ample, are concluding lines from an article entitled ‘“The Desert’s Declin-
ing King’’ (Lansford 1967):

‘“. .. our great grandchildren may see the saguaros not as kings of the
green desert but as a few scattered senile specimens, and their grand-
children may never see the saguaros at all, except in their picture books.”’

It is our hope that new information presented here will serve to relieve

some of the ignorance responsible for such reports and help to dispel some
of the persistent myths so long associated with this giant cactus species.
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Summary

Differences in growth rates, density, size and age structure of saguaro
populations growing in dissimilar climatic environments and topographic
habitats provide useful insights into the natural dynamics of perennial
plant species in arid lands. This investigation provides, for the first time,
comparative information on growth and age relationships and related
population parameters for saguaros growing in three differing climatic en-
vironments that are characteristic of a major portion of the species’
distribution in Arizona and northern Sonora, Mexico.

Relationships between climatic factors, growth rates, habitat suitabil-
ity, and the structure and dynamics of saguaro populations are discussed.
Survivorship and the question of stable-age distribution in populations of
long-lived terrestrial species growing in nonequable climates of mid-
latitudes is examined.

Our observations and the observations of others on saguaro popula-
tions growing in representative Arizona habitats of the species leave no
doubt that important long-term changes have occurred and will continue
to occur in these populations. A decline in numbers of saguaros has oc-
curred in each of three climatically dissimilar desert environments in-
vestigated.

In each of these environments, major differences in population age
structure reflect the relative suitability of topographically dissimilar
habitats. Populations growing in winter-warm habitats—rocky south-
facing slopes—are relatively stable. Populations in less suitable, winter-
cold habitats—north-facing slopes and nonrock, bajada and ‘‘flats’’
habitats—have insufficient numbers of young plants to maintain existing
population age structure. The small proportion of young saguaros in these
populations ensures that the numbers of large, old plants in these habitats
must continue to decline for another half-century or more regardless of
any future change in the recruitment rates.

The number of saguaros in a given habitat is limited by the number of
microhabitats suitable for germination and seedling survival.
Microhabitat suitability is determined by microtopography and the
physical structure of the plant community. During the first years of
saguaro life, microhabitat suitability determines the differential selective
action by biotic and abiotic factors. Thus, during this early period in the
selective process, chance alone may override differential fitness. In north-
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ern portions of the species’ range, catastrophic freezing selectively
removes cold-intolerant individuals from the population, and, by differen-
tial selection on the youngest (smallest) and oldest (largest) members,
selectively structures these populations.

The data on saguaro population structure support our earlier obser-
vations on the relationship of freezing temperatures to the limits, local
distribution, and dynamics of saguaro populations in this portion of the
species’ range. Generally, the age structure of these populations is
characterized by increasing density, and higher ratios of young to old
plants, occurring on a gradient of increasingly favorable (i.e. warmer)
winter microclimate.

Increase in habitat suitability is associated with differences in slope
exposure (north to south), and rockiness of the habitat (nonrock to rock).
Similarly, habitat suitability increases from low to high elevations with the
moderation of winter minimum temperatures associated with thermal in-
versions that result from cold air drainage and accumulation in valley bot-
toms.

There is little doubt that domestic livestock grazing has contributed
indirectly to the decline in saguaro establishment rates observed in these
populations growing in winter-cold habitats; these include both rocky ba-
jadas and flatland habitats with fine-textured soils. Grazing reduces the
number and quality of sites suitable for germination; and, by the removal
of protective low-level plant cover and mechanical breakdown of detritus,
grazing increases vulnerability of young plants to destruction by freezing
and other natural environmental hazards. There is, however, no substan-
tive evidence that domestic livestock grazing has resulted in irreversible
degradation of saguaro habitats. Neither is there conclusive evidence that
grazing has resulted in significant increases in populations of rodents or
other animals specifically detrimental to saguaro survival.

The results of our investigations certainly do not indicate that the
saguaro is becoming extinct—nor do they suggest that it is ‘‘vanishing’’
from any of its historic habitats that have not been converted to intensive
human uses. Rather, there has been, in this century, a decrease in the den-
sity of populations growing in marginal habitats, and a minor reduction in
the absolute distributional limits of local populations.

Catastrophic freezes occur throughout the range of the saguaro and
are an integral component of the species’ environment. Such events are
not ‘‘new,’”” and do not in themselves indicate a climatic trend. Freeze-
caused scars at the base of the largest saguaros provide a record of critical
freezes that date back to the first half of the 19th century. Historical
records of disastrous freezes in 1848 and 1870 further complement and
confirm this record.

The observed fluctuations in Arizona populations of the saguaro are
a natural and expected response to short-term variations in the critical ex-
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tremes of the controlling environmental factor—recurring catastrophic
freezes. Such freezes are the primary cause of adult saguaro deaths in
Arizona and northern Sonora, Mexico, and are the primary control on the
northern, eastern, and upper elevational limits as well as the age structure
and dynamics of these populations.

Under the influence of the powerful selective pressure of recurring
catastrophic freezes the species is actively evolving natural resistance to
freezing. Adaptive evolution is expressed by natural selection for stem
geometry and surface architecture that increase resistance to freezing.

Stable population age distribution, with regard to catastrophically
selected plant species such as the saguaro, does not occur. In the presence
of strong mid-latitude climatic variation—expected on an annual and/or
longer term basis—such populations fluctuate in response to critical ex-
tremes of the controlling environmental factor(s). Furthermore, in such
populations, the greatest fluctuations in numbers and age structure occur
at the climatically limited margins of the species’ distribution, where the
extremes of a controlling environmental factor most frequently exceed the
ecological tolerance of the plant.

The saguaro has evolved, through natural selection, a set of adaptive
strategies required to survive the irregular occurrence of climatic extremes
that are a normal characteristic of the saguaro environment. The
“‘tragedy’’ of catastrophic die-offs observed in saguaro populations dur-
ing this century is a human concept that is derived primarily from inability
to relate these natural, climatically controlled events to the time scale of
evolution.
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Frontispeace: Geographic distribution of the saguaro in the Sonoran Desert.
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