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MUSEUM NEWS

Foundation's Directors
Club off to excellent start

Last surmmeer the ASDM Board of Trust-
ees authorized the formation of the
Foundation for the Arigona-Sonora De-
serl Muséurn, i separate. not-for-profit
foundation to 2ere the long-term neads
af the rriseism. The Trustees have
charged the Foundation with the mis-
sions of raising endowment donations.
donations for capital projects as deter-
mined by the Trustees, and other special
projects which from time to time will
henefit the ASDM. One of the most exeit-
ing aspects of the new foundation is the
Directors Club, a group of special donors
o the Dhesert Museurn. We are delightad
B 1zt the following Promeer Membiers of
the Directors Club:

Caroline Bruhn

Mr. and Mrs. William Carpenter
Mr. and Mrs. Albert H. Cohn
Mr. and Mrs. David D. Cohn
Dick and Mary Rose Duffield
Kristie Graham

Rukin and Carolyn Jelks
Jack and Fay Byan

Curtis Scaife

William C, Scott

Henry ). Stringer 111
Priscilla G. Timken

Mrs. Arthur N. Pack

Robert T. Wilson Foundation

Al ASDM members will soon be
receiving information about how they
may becomie part of the Foundation and
the Directors Club, If you are interested
in details before that time, pleate contact
ASDM Development/Public Affairs Of-
ficer Christopher Helms at 883-1380, or

write to him at the following address for
information: The Foundation for the
AsDM, 2021 N. Kinney Road, Tucson,
Arizona 85743, ATT N: Christopher Helms,

Hughes makes generous
contribution

We are grateful to Tucson's Hughes Air-
craft Company for its recent 39,000 con-
tribaution to the museum for planning
funds for the next major animal habitat
project and for unrestricted operating
funding for 1987 -85, The continued
support of Hughes Aircraft Company is
very much appreciated.
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For Planning Ahead . . .

Mineral Mysteries Solved —

a Workshop

Saturday, January 30

Nature Drawing at the Museum
February 27— March 19

Santa Rita Minerals Sojourn —
a Ome Day Collecting Trip
Saturday, March 19

Tucson Mountain Wildflower

Walks
March 21, 26, or 27

ng Gem, Mineral and
Plant Sale
April 9 and 10

Midriff Islands — Sea of Cortez
April 16-24 or April 24 - May 2

Bishee Mineral Tour — The
Echoes of Cousin Jack

May13-15
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s a living museum ASDM interprets Curator of Small Animals, Howard Lawler
Ahe life and land of the Sonoran states: “In looking at the world around us,
Desert region through a combina- it is evident that living organisms are a
tion of botanical, zoological, and product of their environment. All have
geological exhibits. The Congdon Earth evolved interdependently with other
Sciences Center tells the story of the organisms and the physical habitats in

evolution of the earth’s beginning, tracing which they live. Adaptive change through
not only the development of the earth and natural selection cannot be viewed simply

the Sonoran Desert region, but also the in the past tense. It is fundamental to the
evolution of life itself through time dynamic process of evolutionary creation.”
periods measured in The mechanisms of

evolution discussed
in this issue: adapta-
tion, convergence,
natural selection, the
nature of the
geological record with
its “rarity of transi-
tional forms,"” and the
paleoecological
lessons of time and
change that point to
the paradox of the
evolution of the

billions of vears.

The exploration of
“this view of life,"”
Darwin’s own term
for his evolutionary
world, is illustrated in
the following text
by ASDM’s curatorial
and research staff.
This evolutionary
perspective is the
common thread sewn
through the disci-
plines of natural modern Sonoran
history that underpin 3 Desert, all illustrate
the museum’s central the “plurality of results
function — to describe the “why,” and the that nature’s complexity provides.”
“how" of the region’s plants, animals and
geology, and the causal relationships that
bind them together. — Editor
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Evolutionary Theory
and its Advent

By Crorador of Planis Mark Dimmils

his issue of sonorensis celebrates

the most fundamental principle of
the biological sciences — evolution,
Every science has a unifving concept that
makes the discipline cohesive and com-
prehensible. In physics it's unification
theory, in terrestrial geology it's the
theory of plate tectonics, Without evolu-
tion, it is impossible to understand biol-
oy, the subject becomes anly a huge
hody of wnrelated facts. Yet 130 vears
after the first testable theory of evollution
was published. it is still very poorly un-
derstond by most non-biologists,

Evolution is simply genetic change
in populations of organizms through
time. A corollany concepd is that similar
spicies are descended from commaon
sncestors, and by extrapolation, most if
ot all lifie forms on the planet have a
comman ofigin in the distant past.

Evolution requires vast amounts of
time, which is why the idea did mot catch
o umntil a little over a century age. Until
the early 18005, most educated people
accepted the religious doctrine ex-
poursded by biblical scholars that the
earth was about 6,000 vears old. Most
notable of these was Bishop Ussher, who
caloulated anevact date of creation of
4004 B.C. AL about that time (1800, not
4004 1.c.) early geologists, who had re-
cently evolved from engineers and cleri-
cal scholars, were making some earth-
shaking {or at least dogma-shaking)
discoveries.

In the early 18605 Williarm Smith,
an English civil engineer mapping rocks
for mines, roads, etc., and Georges
Cuvier and Alexandre Brongniart of
France observed that the lowest sirata in
a series contained the oldest fossils, and
determined that fossil-bearing rocks
could be aged relative to other such rocks

L]

by the types of fossils they contained,

Meanwhile, other geologists were
beginning to measure erosion and
sedimentation rates. Using this new
concept of uniformitarianizm, which
holds that the processes that are observed
today have always occurred, and at the
sam« rate, they calculated how long it
would take o form the landscapes they
observed. These caleulations led James
Hutton (alzo championed by his more
eloquent successor Charles Lyell, friend
and consultant to Darwin) b propose
thiat the earth was unimaginably old, In
those days that meant twenty or thirty
rrilligm years.

At thiz point things became rather
sticky. Hutton had placed the earth's
origin bevond the domain of what science
could consider, or in a stranger claim,
had denied that a point of erigin could be
inferred at all. These scientific findings
were in direct conflict with church doe-
trine which had eztablished a 6,000 year-
old earth. Anwone who proposed other-
wide became an enemyy of the church,
any departure from orthodoxy “was
equated with social anarchy and saddled
with the most serious indictrnent of
all — atheism and impiety.” Or, as
Charles Lyell wrote (in Principles of
Creodogy, 1830} =, . although charges of
infidelity and atheism must aheays be
odious, they were injurious in the ex-
tremee at that moment of political excite-
mienk.” A bitter battle quickly developed
which has not vet completely subsided, It
was a deda-vu experience for science; the
same thing had happened a few centuries
earlier when Copernicus and then Galileo
dared to point out that the earth was nat
the immowvable center of the universe,
annther biblical heresy which has finally
een resolved.

Reason prevailed (at beast in sci-
ence), and developmient of the geclogic
time chart proceeded as a natural conse-
quence of Smith and Cuvier's work. By
the roid 1800°s the time scale we use
today was essentially complete, although
it would be more than fifty vears before it
could be proved by radiometric dating.
The important fact pertaining bo our
essay on evolution is that Charles Darwin
was delving into his natural history
studies during a time of great scientific
irievolution.

Charles Darwin, contrary to com-
mon assumption, did not invent the
concept of evolution, The idea had been
around for quite some Lime; several
scholars in the generation preceding
him had studied the natural world and
proposed that living things had changed.
But none of these others could come up
with a mechanism to cause the changes.
Darwin's contribution was a plausible
and eventually testable theory of cause
— natural selection.

When Darwin returned from his five
year vovage aboard the Beagle, in 1836,
hie had amassed a huge volume of data,
but no concept of evolution, He had col-

lected according to his creationist perspec-
tive: often taking only a male and female
specimen of each animal, which was all
that was necessary if species were immut-
able. He did return with a commitment to
hecome a naturalist.

Several months after his return,
when his multitude of specimens had
been identified by the leading zoologists
af the day, the real significance of his
collections became evident to him. The
fact that most of the specimens collected
in the Galapagos lslands were unigue
species bul were closely related to forms
on the adpacent mainland, along with
similar findings from his other collecting
stops around the world, caused him to
begin to doubt the fixity of species. Why,
for instance, would a creator populate
Australia with 5o many marsupials, when
thiz tvpe of mamimal is so rare in the rest
of the world? Within a vear after the end
of the Seagle vovage, Darwin had ac-
cepted the concept of evolution espoused
Ty some of his colleaguwes, and began to
sgarch for a cause,

He used the ideas of many other
schalars in working out a theory. Darwin
stated that half his work came out of
Lyell's brain. Cuoting Stephen Jay
Gould's analysis, Darwin transferred (o
biology Lyell’s argument that “a histori-
cal scientist must work with observable,
gradual, small-scale changes and ex-
trapolate their effects through immense
time to encompass the grand phenomena
of history.” Darwin also gained insight
from Malthus' essay on econamics,
which postulated that human popula-
tions” potential for increase exceeded its
capacity bo increase food production,



thus creating a “struggle for existence,”

Using the above and other scholarly
works plus his own considerable intel-
lect, Darwin developed the theory of
natural selection as an explanation of
how evolution operates. His reasoning
went as folbows: (1) Fact: All living or-
ganisms have a nearly unlimited capacity
to increase in numbers. (25 Fact: Yet
maost species tend to maintain about the
same population levels over long perieds
of time. (3] Conclusion: Therefore there
musk be a struggle among individuals for
reproductive success, Reasoning futher:
{40 Fact: Individuals of a species vary
from one another in structure, physiol-
agy, and behavior. (5) Fact: These differ-
enices tend bo be inheritable and are
passed on to the offspring. (6) Hy-
pothesis: Some of these variations have
greater fitness than others (they are
better adapted to the environment).

(7} Conclusion: In the struggle for survi-
wval, the fitbest individuals contribute the
most offspring to the next generation;
thuss a species gradually changes through
timme as the proportion of better sdapted
organisms in the population increases.
18} Grand Conclusion: Givemn the vast
expanse of time indicated by geology, the
great diversity of life forms could have
evolved from a commaon ancestor, as is
indicated by the continuity of variations
throughout the living world.

That evolution and the theory of
natural selection was an idea whose time
had come is supportied by the fact that
someane glse had developed a very simi-
lar theory at the same time. Alfved Russel
Wallace, a naturalist working in the East
Indies (ke knew nothing of Darwin's
waork &% it had not been published) was
eventually instrumental in getting Dar-
win'swark into print.

Reluctant bo publish his theory,
Darwin fully realized how controversial
it would be. He initiated a massive, tedi-
ous progect of gathering as much data ag
b could to corraborate his theory, plan-
nimg a four-volume treatise. He may
never have finished this work, except
that in 1858 he received a letter from
Wallace asking his opinion on a theory
that Wallace had developed om how or-
ganisms evolved, a theory very similar to
Darwin's. This galvanized Darwin into
action. Being an honorable man, he saw

Lo it that both papers were read at the
Linmean Sociely later that vear, giving
both men credit for the theory. Then
Darwin began to condense his major
work, and published Or Tie Origir of
Speches in 1859, So eloquent was his
reasoning, and so thorough his
documentation, that within a few yvears
meost of the scientific community em-
braced evolution amd the Darwin/Wallace
theory of natural selection, despite the
raging religious controversy.

It iz necessary to distinguish among
conjecturs, theory, fact, and natural law,
In sciemce fact is something which is
derrnorsteally true; something which
can be verified as real, A natural law is
more than a fact; it is a fact which has
been verified repeatedly. despite calcu-
lated attempts to disprove it. It is proba-
bly as close to absolute truth as humans
can come. The Laws of Thermodynamics
are familiar examples; every attempt to
dizprove them has further supported
their veracity,

A scientific theory is nok law, but it
iz more than conjecture, A theory is a
working explanation of an observed
phenomenon that iz consisfent with the
kryoerry faets at a given time. A theory is
alzoa challenge to other scientists to
attemipt to disprowve it, which creates, in
turn. the “crucial attitude of doubt —
midwife of all creativity.” As more facts
become known and the theory is re-
peatedly tested. it is abandoned if dis-
proved, or refined if onky minor inconsis-
tencies become apparent. Refinement
continues until x theory is generally
accepted as correct because it thoroughly
explains the phenomenon, and all at-
ternpts to disprove it failed. In the physi-
cal sciemces, theories can be positincely
proved, and become nearly the same as
nafural laves. Because biokogy 15 a very
dynamic and complex field, it is virtually
impassible to prove a theory bevond all
doubt; hence we have nofaws of biology.
Somie theories, however, are 50 consis-
tent with such a huge body of facts that
they are regarded to be a3 solid as any
scientific truth can be,

Mow to distimguish bebween the fact
and theory of evolution. Evolution itself
is a nearly incontrovertible fact. Mo com-
petent hiologist doubis that evolution
occurs: it is as well proved as the exis-

tence of gravity or that the carth revolves
around the sun. When scientists discuss
the theory (more correctly, theories) of
evolution, they are talking about
miechanisms — how it occurs, not
whiether,

e problem that troubled Darwin
was that he could not explain a mech-
anism for the variability of traits and
their heritability; the science of genetics
did not exist. If he had owned a computer
and had access to biological abstracts, he
would have found that a monk named
Gregor Mendel had worked out the basic
principles of genetics and published his
results in 1865, Bul it was in such
an obscure journal that the work re-
miained undiscovered until 1903, after
Darwin's death.

Cenetics has provided us with an
explanation of how natural selection,
and therefore evolution, operates. We
know now that traits are inherited
through little packets of DMA called
genes. Most organisms have thousands
of them, in duplicate. In the process of
sexual reproduction half of each parent's
set of genes is passed on to the offspring.
Thiz recombination of genetic material
is why progeny are never exactly like
their parentz, or éach other unless they
are identical twins: they inherit only half
of each parent’s genes. And not all gernes
express themselves; some are dominant,
some recessive. Further variabiliky is
created by occasional mutations within
penes.

Evalution can be summansed a2 a
two-step process, as explained by Ernst
Mar, one of the deans among 20th cen-
tury evolutionists (see Scientific Amer-
ican, September 1978); The first step iz
the production of variability through
recombination and mutation. This vari-
ahility is random; it is unrelated to the
needs of the organism or the nature of its
emviranment. The second step is selec-
tion, and this is not randoem. Organisms
with combinations of traits which are
more advantageous to their possessors in
a given environment are maore fit and
have miore offspring than less fit
individuals. Therefore superior traits
incréase in frequency in future genera-
tions, and the population as a whole
becomes better adapted. This is
evolulion. H



Fossils — the Key
to Evolution

by Curator of Earth Sciences Dave Thayer

Coelacarith, a direct ancestor of
amphibians and higher vertebrates

“I could get along very well if it were not for those
geologists. I hear the clink of their hammers af the

end of every bible verse.’

* John Ruskin, 1851

Fossils are the remains or traces of
ancient life. They include tracks and
trails, coal, shells, bones, petrified wood,
insects in amber, and plants in packrat
middens. Give paleontologists a rock
hammer, a canteen, and a couple of
hiours, and they will find and collect fios-
slls just about anywhere on earth. I8's
nat that fossils are so easily made. The
ke is the enormous number of indi-
vidual plants and animals that the earth
produces combined with the vast span of
geologic time,

Your chances of becoming a fossil
are exceedingly slim. The pharaohs fig-
ured it out — one’s body must be pro-
tected from cooygen and buried soon

after death in & place where wormas and
weather cannot intrude. The place must
be free from decomposing organisms
such as fungi and bacteria,

Considering those requirements, il
seems a wonder that any creature is fos-
silized. Yet rapid burial can by itself meet
most of the criteria. In river deltas and
on lake bottomes, on continental shebves
and coastal mud flats, sedimentation
proceeds rapidly enough to do the job.
Hard parts of an animal are most likely to
be preserved. Bones, teeth, and shells
migtht last a long time unchanged, and
even longer if they are replaced by miner-
als, as in petrified wood,

Fossilization is also promoted by
desiccation, entombment in the ash of
an erupting volcano, or burial in peat
bogs, stagnant waters, or other oxygen-
free environments. None of these
methods is very common in nature. The
great majority of living things leave no
trace of their lives. Despite their relative
scarcity, fossils are essential to the study
of evolution. Without them, scientists
would be confined to short-term breed-
ing experiments and genetic studies in
arder to unravel the history of life, Fossils
give us the empirical evidence, they are
the signs of evalutionary history.

Dating Fossils

In 1669, Nicolaus Steno, a Danish physi-
cian who lived in Florence, gave us the
Law of Superposition: that all lavers of
sedimentary rocks were formeed in se-
quence, with those at the bottom being
the aldest. In the early vears of the
nineteenth century, Smith, Cuvier, and
Bromgniart simultaneously appended the
Principal of Faunal Succession: that
assemblages of fossils unbguely charac-
terize the strata, and the oldest as-
semblage is found in the lowest stratum,
But mo one was ready to hypathesize a
truly ancient Earth until James Hutton
introduced his “doctrine of uni-
formitarianism” 1785,

Charles Lyell, friend and mentor of
Charles Darwin, took the baton from the
less eloquent Hutton and championed
uniformitarianism in his great book
Principles of Geology, first published in
1830, Uniformitarianism, simply stated,
is the doctrine of a dynamic Earth where



change proceeds at such a slow, uniform
rate that we can’t see the effects in our
short lives. Thus, Earth, must be incred-
ibby ancient. [t was this doctrine that
gave Darwin what he needed for his
theory of evolution: plenty of time,

As geclogists in England and else-
where studied the rock strata, they de-
veloped a geologic time chart with desig-
nations for cach of the eras, periods, and
cpochsof time. The designations are still
used. Some are shiown on the charts on
the: nest page .. But no one guessed the
true enormity of geologic time until, in
the early 19003, Yale physicist Bertram
Boltwood first dated rocks by their natu-
ral radicactive decay. Evolution’s time
clock was found ticking away inside rocks
containing radioactive isotopes of such
elements as uranium, rubidium, potas-
sium, and carbon.

Using sophisticated instruments
such as the tandem linear accelerator at
the University of Arizona, geophysicists
are assembling a complete chronology of
Earth's history including dates of stag-
gering magnitudes — over three and a
hali ballicn vears since the ovigin of life.
Mo Darwin really has encugh time for
natural selection.

Missing Links
Darwin recognized the rarity of specia-
tiom in the fossil recard. There is little
tangible evidence for the development of
any new species from its predecessors,
He attributed this lack to an “extremely
imperfect” geological record. The fortuit-
ous and timely Archaeopleryx was dis-
covered in 1861 just bwo vears after the
Origin of Species was publizhed,
Archaeopieryx, literally “ancient wing”
and essentially a dinosaur with wings,
was a perfect “missing link”™ between the
reptiles and the birds. The fossil added
imsult to injury, practically confirming
Darwin's theory in itself. In concept,
there should be a missing link for every
known species: an organism bo be found
at the node of every branch. Yet, except
for Archaeopleryx and a few rare others,
missing links are missing indecd.
Certainly the fossil record i2 incom-
plete. Maost potential fossils rof sway and
their hard parts are eroded, scattered,
and pulverized. Selective destruction of

“The mind seemed to grow giddy by looking so far into
the abyss of time. " John Playfair, 1505

organisms’ last remains probably ac-
counts for 98% of all species, leaving
fossil records for only 2% of all living
things. These scant records are uswally
incomplete fragments, hard parts only.
Even the hard parts are biased —we find
maore thick, sturdy fossils than fragile
ones making organisms with sturdy
parts seem relatively more abundant
than they actually were,

Fimally, fossils can be preserved but
never discovered. The great bulk of
sedimentary rocks lies buried and ouwt of
sight. Suitable outcrops of fossiliferows
rocks are uncommon. Bocks may erode
before anyone even examines them. The
Desert Museum gealogy collections in-
clude a mammoth tusk fragment that
was found protruding from a mud bank
of Avra Valley within sight of the
museum, The fragment was very fragile
and crumbly, and had to be impregnated
with glue to stabilize it for collecting.
Much of it had already washed away. One
more good summer rain and the tusk
would have been gone forever, after
ahout bwenty thousand vears of preserva-
tion. Even organisms that are fossilized
can be destroved after lying undisturbed
for thousands or millions of vears.

For all the above reasons, the fossil
record is very incomplete. But even so,
meore mizsing links should have been
preserved than actually were. On De-
cember 18, 1912, Charles Dawson and
Arthur Smith Woodward announced to
the Ceological Society of London, and
the world, the discovery of the remains
of an early human fossil, Eoanthropus
deiesoryd, Found in a shallow gravel pit
near the village of Piltdown in the County
of Sussex, it becamie Known as: Sussex
Man, Dawn Man, and then Filtdown
Man, the name that stuck. In an age
when the Britizh Ermpire was still expan-
sive, and when the antiquity of human
evolution was still a fresh idea, the find
appeared to confirm British primacy, as
Gould states “great scientists are embed-
ded in their cultures, not diverced from
them."” Older than anything the French
or Germans or anyone else had pet

dredged up, Piltdown Man became widely
regarded as the carliest known human
fossil.

Forty years later, Piltdown Man,
onee the pride of British science, was
discovered to be an out-and-out fake,
fabricated by a party, or parties unknown,
Its mandible wasn't human at all, coming
instead from a female orangutan. Where
iz the real Piltdown Man, a creature that
we haven't found, but must have existed
at the junction bebween ape and human?

In modern times, new hypotheses
have atternpted to explain missing links,
One of these is getting special attention
from evolutionary theorists: Stephen
Could’s puncfuated equilibria, for exam-
ple. In the 19704, Gould and others de-
veloped the idea that missing links are
mizsing for two reasons: because changes
from ome species to another are sudden
and changes are restricted to a small
segment or population of a species.
Sedimentary processes are slow and
cumbersome, and they would simply not
preserve an event that occurred over a
trifling few hundred or thousand vears in
a small and isolated population of or-
ganisms.

Punclualed equilibria refers to
Gould’s description of speciation. Ac-
cording to his hypothesis, a species is at
equilibrium, with very few and insignific-
ant changes, for most of its existence.
These bong periods of equilibrium are
punctuated by rapid bursts of speciation
irt isolated populations of the species.
The new species thus formed, remains
itself in a state of equilibrium until on its
fringes a small population undergoes itz
own burst of evolution.

Thus, under Gould's hypothesis,
the old species is usually not wiped out
when a tiny portion of it evolves into a
new species. However, the chance of
finding a fossil repregenting one of those
evalving populations is rare, since the
proces is rapid and involves only a small
nurmber of organisms, For these reasons,
the fossil record tends to preserve the
long history of the stabes of equilibrium,
bt the punctuation is missing

£en



Milestones in Evolution Throughout Geologic Time

Geologic

Millions of
Time Scale Years Ago

Cenozvic Era [Bl—— kS

Mesozoic Era

Faleozoic Era

Precambrian Era

248

_._m_l

Humans Human evohotion was probably spurred by the combinat sn of large

brain, dexterous hand with oppasable thumb, and upright posture.
Dol phine and whales b larger brains than hurmans,

Mammals Adaptations of mammals include internal temperature regulation or
warm-bleodedness, tacilitated by fur. Also, unlile most lower
vierchrates, mammals have specialized teeth including incisors,
canines, premalars, and molars, Mammals are characterized by
lengthy internal gestation in the womb follwed by parental suckling
ardl care,

Great Extinction The sudden extimetion of the dimossers were accompanied by

exlingnns -u[ln.mg.' olher life forms, ||:u,:|udinﬂ allderrestrial amirmals

" bigger than a rabhil. Similar mass extinctions have puncluated the

history of life at other times, for example at the end of the Paleazoc
Era.

~ Higher Plantz This was a time of dramatic rise of the anigosperms, the fowering
plants, The fossil record shows marked increase in species richness,
commumnity dversity, and dependence on animals fowr pallinakion and
soed dispersal.

Dinasaurs Modern studies have shown the dinagaurs to be dynamic, active,

& Birds puhi:l].' warm-hlooded crestares (il pupulalul.l e Mesozons world
with incredible dhversity. Dinosaurs are probably ancestors of birds,
whose feathers allow body-temperature stability.

Conifers The Paleozoic Era saw a remarkahble rise in the gymnosperms — the
familiar cone-bearing trees. Forests of conifers have flourished ever
since, expecially at higher elevations and latitudes.

Reptiles Reptiles arose from armghibizns in the later Carbomiferous or coal-
swarmp perbed. The reptiles’ major contribution o evolution was the
ahility to permanently leave the water and inhabit even arid areas of
the Earth. They sccomplished this by developing a tough, drought-
irmpervious skin, an improved way of walking, and most iempertant |y
the water-retaining amniole egg.

#— Amphibians Amphibians are transition creatures between fish and reptiles. They
toeok the first steps in conquering the land for the vetebrates. Their
major aaptive advances incheded limbs jor craveling and improved
cars [sound is exsier to defect underwaterl, O course they breathed
with hangs, but this adaptation belongs to the predecessor, the
crassoperyiian fish,

Fishes Exrly in the Paleozoic Era, the first animals with backbones arose —
primitive jowless fish called agnathans. in the middle part of the ear,
therewas a great evolutionary increase in fish, probably brought
absouik by the development of the fivst jaws, useful for grasping and
cabing.

Plants & Animportant early adaptation of plants was the ability to drasw
Arthropods maisture from the ground up into the plant. This was accomplished
by the tracheophytes, which pepulated the land along with
arthropods lincluding insects] long bedore amy amphibian left the

water,
"1— Multi-celled The first known animals bigger than a single cell are found in rocks
Organisms of the latest Precambrian Era. The major adaptation that charac-

| terizes Lhese animals i the eucanytic cell, a specialized kind of body
cell that has an organized nuclews.

Photosynthesis Photosynthesis i3 a process used by plants to convert sunlight info
thie energy they need to grow. Primitive cells called procarvotes were
thie first fo photosynithesize. This adaptation allowed a life-lorm, for
the first lime, Lo produce its own food. Blue-green algae, a type of
procaryobe, deew in mounds called stromatolites in or mear the sea.

4.500

First Life Mo one knows how or when life originated, It has been speculated
that life origimated elsewhere in the Universe and was brought ta
Earth by accident or on purpase. Ciler researchers beligve that the
prm;ur.:-urul"li'c i% a natural combination n‘nrﬂ:al'li: mlecules that
fortuitouily esalved into life forms under conditions that mo langer
exist on Earth.



Geologic and Evolutionary Processes
during the Cenozoic Era

Ciant continental glaciers covered large areas of North America, and  ce Ages

Millions of
Years Ago

Cennzaic
Time Scale

wondlands invaded the deserts during (iteen to bwenty ice ages.
Fluctuating climates fuclded rapid evolution in mammals and other
groups, Humans enfered the New World via Bering Land Bridge
about 12,08 vears ago,

2.0

5.1

Pliocene

Aridity peak five to cight million vears ago marked the formationof  Deserts
Marth American grasslands and deserts, and the evalution of mang
warm desert animals and plants.

Lplift of mountaing inwestern North America and global cooling Miccene Revolution
combined o modernize and regionalize the kiota. Archaic tropical

forms were replaced by medern suceessful groups in major evolu-

thonary radiathons,

The ancestors of many North American animabs and plants Immigrants (o

24.6

Miocene

immigrated to North America from Asia before the climatic conling  Morth America
of the middle Miocene distrupted subtropical climates at high
latititudes.

Clirmates of the world were very warm, Tropical clements including  Tropical Climates

38.0

palms, crocodiles, and tortoises lived north of the Arctic Circle.
Exalution of deciduousness im plants and hibernation in reptiles and
mammals may have Boem related to the six months of darkness at
high latitedes. Mammals and plants moved freely bebween Eurasia
and Morth Amertica.

I the warm trapical climates of the early Tertiary mammals and the  Mammals &

4.9

surviving reptiles underwent major evolutionary radiations. The New Reptiles
carliest members of mosdern mammal growps including marsupials,

insectivores, rodents, harses, and camivores appeared in the fassil

record at beast by the Paleocene. Modern reptiles, including turtles,

lzards, and snakes underwent major radiations in the Age of

Mammals!

65.0
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The round-tailed squirrel | Spermophilies
fereficgudis ) can survive temperafures
ir excess of 115°F for at least two hours
with bosdy temperatures of up to 100°F
hecause it basal metabolism is slow and
produces less body heat,

Adaptation is one of the more tangible
results of evolution. Advantageous hered-
ity traits are accumulated through the
prociess of natural selection, resulting in
a popullation of organisms that is better
adapted to the environment. For many,
the concept of natural 2election is not
difficult to understand. However the idea
that it iz the sole mechanism of evolution
is a common misconception. Natural
selection is one specific way in which
evolutionary change is facilitated. Other
factors may also affect the rate and conse-
quence of evolution. In deserts with their
scarcity of free water, highly variable
rainfall, and extremely high tempera-
bures, adaptations can be especially
unigue structures, physiological proces.
25, or behaviors,

The process of adaptation is never
quite complete for several reasons, The
enviromment is constantly changing on
several timne scales. This has been espe-
cially pronounced for the Last two million
years of the Pleistocene when woodland
alternated with desertscrub in the Hono-
ran Desert for cach of fifteen to twenty
glacialfinterglacial cyeles. Adaptations
that benefit organisms in an erviren-
rnent may cause problems in other ways,
For example, a cactus conserves its
stored water by having a greatly reduced
surface area; but because this also re-
duces photosynthetic surface area. the
water conservation is achieved at the
cost of slower growth.

Some traits cam be considered to
have been “preadapted” when they evolve
in one environment but function well or
differently in another, Many of the adap-
tations to the bong dry seasons of the
relatively wet tropical and subtropical
environments of Morth America that
evolved bwenby-five to forty million vears
agh, allowed animals and plants to sur-
vive and evohee when deserts appeared by
eight million vears ago in the Late
Miocene. A few pre-adaptive examples in
animals would be aestivation/hibermation
in burrows by radents, reptiles, and am-
phibians, nocturnal activity by mammalz
and snakes, and check poeches in
heteromyid rodents (kangaroo rats and
pocket mice). Exarmples in plants would
be the succulence of cacti, the reduced
lezves and photosynthetic bark of palo




verdes (Cerciditrm spp.), and specialized
types of photosynthesis in succulents
(CAM) and annuals and grasees (C=4).
Many Sonoran Desert animals and plants
are generalists that also live inweller
hahitats; specialisia that evolved in

and are restricted (o deserts are not
MAUIMEROL,

Mammals: Mammals are adapted inthe
Sonoran Desert in many ways. Desert
races tend to have lighter fur, smaller
bodies, longer limbs, and larger ears
than their relatives inwether habitats,
Zome desert rodents have evolved re-
markable physiological capabilities, The
round-tailed squirrel (Spermopfilis
fereficaudns) can survive temperatures
in excess of 115°F for at least two hours
with body ternperatures of up to 1(K°F
because its bazal metabolism is slow and
produces less body heat. The large ears of
the black-tailed jackrabbit (Lepus califor-
nfcus) can radiate about a third of the
body heat it produces.

Many desert mammals including
Merriam’s kangareo rat (Dipodormys
merriami) concentrale wrine in the kid-
neys five Limes greater than humans,
This helps to retain body Muids and allows
them to drink salty water, Some desert
rodents can go into a state of lywered
mietabalic activity called tarpor when
conditions are harsh. In torpor less body
heat is produced, less energdy is needed to
suatain life, and water loss is reduced.
Periods of Lorpor in wWarm Seasons are
termied aestivation, while similar stabes
in the winter are hibermation.
Heteromyid rodents like the kangareos
rat do not need free waber because they
produce enough metabolic water from
the oxygen in air, and the sugars in seeds
for their needs. This ability combined
with their efficient kidneys and lack of
swiat glands, allows the kangaroo rat to
be very economical with its water.

Behavioral adaptations of desert
mammals are very important for their
survival in deserts. Most species avoid
heat and dessication by nocturnal activity
and retreating to underground burrows
or shady retreats in the day. The micro-
ervironiment of & burrow or the interior
of a packrat (Neoforme albigula or N
lepidda) housge have much cooler tempera-
tures and higher humidities than the

surface. Packrats are remarkable collec-
tors that construct houses of branches or
Cactus joints and store food in caches
within the howses.

Heteromyid rodents, with their
cheek powches, are specialists in seed
collection and storage. The cheek
pouches of a single kangaroo rat have
been found to comtain up to S seeds.
Secds are a good desert resource with
100 to 2400 seeds produced for cach
square foot in good vears. Packrats have
the ability to cat a great varicty of desert
plants in spite of their chemical defenses
and bristling spines. In the driest aneas
packrats are often limited by the presence
of cacti for a source of moisture,

Lower Verfebraties: Some fishes have
evolved unique adaptations Lo survive in
the sparse aquatic ervironments of the
Sonoran Desert. The desert pupfish
(Crprimodon macwlarius) ) can tolerate
temperatures approaching 100°F, low
oxygen levels, and high salinity which
would spell disaster for most fishes. Now
Endangered because of human interfer-
ence, the puplish iz perhaps the epitomse
of a desert-adapted fish species in North
Armerich. Populations isolated in desert
oases like Quitobaquito Springs in Organ
Pipe Cactus National Monument hawve
rapidly differentiated into distinet sub-
species.

Northern casque-feaded free frog
(Pternohyla fodiemns)

The razorback sucker (Xgrauchen
fexarad) and the humpback chub (Gl
cypfe) are unrelated species that have
evolved pronowunced dorsal humps and
doward oriented mouths in response
to the powerful currents and turbity in
the Colorado River. Ichthvologists be-
lieve that the humgp provides stability in
swiftly lowing water by forcing the body
dowrward, In contrast the Colorado
squawlish (Ppchocheilus lucius) 15 a
streamlined predator well-adapted to
speod swimming. This largest of North
American minnows, unable to cope with
changes in water comditions caused by
damas and diversions, is now considered
extinct in Arizgona and Endangered in the
upper Colorado River drainage.

Diesert emviromments present great
difficulties to amphibians which require
water for their larval stages. The lowland
leopard frog (Kana pavapatenss | isa
riparian obligate only found in the im-
mediate vicinity of rare perennial
streams or springs. True toads
(Bufonidee) and spadefoots (Pelobatidae)
have successfully entered the desert
because of their ability to survive hot,
dry periods in dormancy in burrows, and
toaccelerate reproduction and feeding
during relatively brief wet periods.

Sonoran Desert species such as the
Sonoran Desert toad (M alvarius) and
Desert spadefoot (Foaphiopus couchi)
typically spend nine or ten months of the
vear underground. Spadefoots can bur-



row as deeply as three feet beneath the
surface with the hardened spade on the
heels of their hind feet. They retain body
moisture in the burrow by means of a
sernipermeable epidermal membrane
and & high tolerance for their own unea.
Thus, they are able to retain most of the
water ahsorbed during the brief summer
TVHCNS00,

The northern casque-headed tree-
frog, also known as the lowland burrow-
ing treefrog (Plernohgla fodiens), isa
terrestrial member of the mostly-ar-
borieal treefro famiby (Hylidae). [t digs
burrows with hardened callosities on its
hind feet and then forms a cellophane-
like “cocoon” by shedding outer lavers of
the epithelium imembranows skin tissue)
that reduces water loss. The ultimate
challenge for desert amphibians is to
reproduce in the highly sporadic and
localized water of a Sonoran Desert sum-
mer. Temporary rainpools may dry up in
less than two weeks. Spadefoots have
evalved an accelerated metamorphic rate
which enables transformation from egg
to tiny toadlet in less than bwo weeks in
somie species. Natural selection for shor-
ter development times is intense in vari-
able desert climates.

Desert regions around the world,
imcluding the Sonoran Desert, bypically
support a wide variety of lizards. Most
desert lizards have evolved color patterns
that match the rocks, branches, or sand
whiere they live. Natural selection to
match substrates of different color is
very strong in the regal horned lizard
(Phrymosorma solare) of the Sonoran
Desert and the desert horned lizard P,
plertyrfiinos) of the Sonoran and Mohave
Deserts, As ectothermic, or cold-blooded,
animals, lizards utilize the sun’s heat bo
fuel their metabolisms. Morphological
and especially behavioral adaptations
help ectotherms survive in hot, arid
conditions. Broader bodies favor quicker
solar warming in terrestrial species while
higher vertical profiles are more favora-
ble for arboreal (tree-dwelling) and
saxicolous (rock-dwelling) species.

The Gila monster (Heloderms 2us-
pectum ) of the Sonoran and adjacent
Mohave Deserts, and its tropical relative
the beaded lizard (4. frorridum) are sur-
vivors of an early Tertiary tropical lineage
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and one of only bwovenomous lizards in
the world, The Gila monster may be the
only species ever to live in desert environ-
ments. For a large lizard it has a very
slow metabolism, needing only a few
meals avear. It is one of the few desert
lizards to prey on mammals and birds,
Both the Gila monster and banded gecko
(Cofeonyy rardegaius ) store fat and water
in their tail, and can survnve colder and
warmer temperatures than their tropical
rélativies.

Lizards that live in sandy habitats
can have some interesting adaptations.
The fat-tailed horned lizard (Phrgro-
sowrg mmicallie), endemmibe to the 2ands of
the Yurna Mesa of southiwestern Arlzona,
the Algodones Dunes of southeastern
California, and the sdjacent Gran De-
sierto of Sonora, is the only horned lizard
that lacks an external ear. The fringe-
toed lizard (Lima notata) lives in the
same general area but is even more re-
stricted bo dunes of fine, wind-hlown
sand. Pointed, fringe-like scales on the
elongated toes of the hind feet function
in much the same way as snow shoes to
give traction as it runs across loose sandy
surfaces, The wedge-shaped head,
counter-sunk lower jaw, nasal valves,
fringed evelids, scaly ear fMlaps, and fine
body scales are important adaptations
that allow this lizard to escape predators
by diving headlong and rapidly burrow-
iregf into loose sand.

Chuckwallas have evolved a number
of interesting desert adaptations. These
herbvorous lizards are relatives of the
green iguana [iguaras iguara ) of the New
World tropics that probably evalved after
the Baga California peninsula split from
the Mexican mainland about four million
years ago. The common chuckwalla
{Saurormaius obesgs) of mainland Sono-
ran Desert and portions of the Mohave
Diesert is a large lizard that lives in rock
crevices in desert mountains. Toavoid
predators it inflates its broad body to fill
the crevices. Populations isclated on
islands im the Sea of Cortez have grown
to even larger sizes in the absence of
terrestrial predators.

Thee prebald chuckwalla (5. raries)
of [3la San Esteban and the spiny
chuckwalla (5. fispides) of Islas Angel de
la Guarda, San Lorenzo Norte and Sur,

and several small satellite islands closer
tothe Baja California Peninsula are
examples of gigantism on islands, The
evalution of large body sizes excluded
the adults from using the crevice retreats
of their mainland relatives. These lizards
have evolved a pair of lateral lymph sacs
in the sides of their bodies that allow
them to store extracellular fluid, the
gucculents of the lizard waorld!

Behavioral adaptations are over-
whelmingly important to desert lizards
in regulating body temperatures in de-
serts. Acthvity iz mostly limited to the
warmer seasons, and daily activity im
diurnal lizards shifts from midday in
sprimg and f2ll to early morning, and late
afternoon in summer. In the Sonoran
Desert, only the banded gecko is noctur-
nal and avoids the sun altodether. As in
desert rodents and amphibians, lizards
retreat to the less stressful microenviron-
mienits of burraws when conditions are
unfavorable. However, most lizards do
not dig their burrows and instead use
those of radents.

Cila monsters are great diggers that
modify mammal burrows, Only the west-
ernwhiptail (Cremidoforss Ngris) and
the desert iguana ([Nprosaurus dorsalis)
dig short rudimentary resting burrows,
Many lizards restrict their foraging ac-
tivities to bushes, trees, or rocks that
provide shade and an easy retreat toa
safe spot. Desert lizards often actively
regulate bady temperature by orienting
their baosdies broadsude to the sun when
first basking in the morning, later shift-
ing their position so that the long axis of
thee body is parallel to the sun as tempera-
fures rise,

The collared lizards (Crofamhyfis
collaris and C. fnsalaris) often stand
high when basking with their toes ele-
vated, resting entirely on their heels asa
meeans of reducing contact with the hot
rock surface. In this position the lizard
can actually radiate body heat to its vwn
shadow as a cosling miechanism. Her-
bivorous lizards such as the desert iguana
and the chuckwallas face additional ther-
meal pro®blems in the digestion of plants.

The processes of evolution are
dynamic and still very much in progress.
The story of the parthenogenetic whiptail
lizards (Cremidophorys sp.) is an exam-



Evolutionary Adaptati

Barvel Caclus

CAM (Crassulacean Acid
Metabolizm)

Wide, shallow reot system,
B0-40 fewt acrass, but only fowr
imchees deep,

Rangaron Hat

! EX P

.
produced by

Masal coal INK
shen inhaled
exhaled bo extrac

flands — reduces =
e ok cooling is

sccomiplished by other means

Eal seeds high i carbalmydrates
wiiich are comeried
miekabolicalls

ko provide al

WCESRANY Waler.

:I'I:-.'.l_'l":'u mt oher wide Dreas i Bo b rron for
ol opén habitat consumption or storage

Fringe-toed Lizard

|

|
T i

k- ] CLIF IS |_"".'..|.".| FWINE
conspicuous light color and
black bars to distort body shape
14 NS IToam predators. Body
L1 ali 2, I::_. dizar pears a8 tan 13
lerwered or |izard buries in san
Lang legs and frirged toses for
rapid and odten bipedal rur
i gand o eicane predators

E — |

Wiedie shape, counter-sunk Panmiled, framge-1ike scales on LCryplic calor pattern matches

LT Jan, NSl valves, Ininged clongate hind Loes provide sandy background, Fine scales

eyelids, and scaly ear flaps help traction on unstahle dunes reduce trickian in burying in

$o bury in looze sard to esc AL sand.

predatiors



ple of relatively recently evolutionary
change resulting in new species. Approxi-
mately 30% of whiplail species are con-
sidered to be parthenogenetic ireproduc-
tion of organism without conjunction of
gametes of opposite sexes). One theory
explaining their evolution suggests that
two or more parental species of normally-
reproducing bisexual whiptails evoled

in distinctiee desert and grassland
habitats, Climate change or other factors
altered these habitats at their edges,
causing an overlap of habitat charac-
teristics,

Thiz disturbed zone, or ecotone,
became a marginal habitat for the paren-
tal species which began to interbreed,
producing genetic hybrids that were able
to back-cross with one of the parental
species. This in turn produced a recom-
bined polyploid imore than two sets of
chromosomees) chromosomal packaghe in
the parthenoform whiptail, which ena-
bles the production of a clone offspring
Fromm the mother. Since the clone was
identical im every respect to the single
parent, it too was female. Becawse this
parental species had evolved in concert
with the characteristics of their original
unaltered habitats, they were less com-
petitive with the new parthenogenetic
species in the new habitat. Thus, all-
female species of whiptail lizards
emierged as a result of habitat alteration
and subzequent hybridation.
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Although snakes are well-rep-
rezented in the Sonoran Desert. most are
nocturnal and do not exhibit specialized
adaptations to desert habitats. Only the
coachwhip, (Masticophis Sagelfiem)
knonwn bocally as the black or red racer
and the desert patch-nosed snake (Sal-
padora hexalepis) are typically active in
the daytime in the summer. The patch-
nosed snakes and the leaf-mosed snakes
{Phgllorhgmches brovwnd and P, decur-
ferteish have broadened rostral scales on
the end of their nose which turn up shar-
ply, providing wide ilat surfaces which
may be useful in clearing debris from
abandoned burrows or in rooting buried
reptile eggds from loose soil to eat.

The wedge-shaped head, counter-
sunk lower jaw, and very smooth scales
of the banded sand snake (Chilormersisous
cinciush and the western shovel-nosed

snake (Chromectis oocipifafis) are adapta-

tions that help them burrow in sandy
siils or to stefrn in loose sand. The side-
winder (Crodalus cerastes) has evolved
an unusual form of locomotion where
the body contacts the surface at ondy bwo
poinis as it lurches along. This method
of zand walking is very efficient for mov-
ing on unstable surfaces. [t has also de-
veloped homn-like scales over the eves
that fold down along a scale sulure Lo
protect the delicate eve scale from abra-
sion by sand as it negotiates existing
buirrows,

Regal hormed lizard (Phrynosoma solare)

Plaants: Plants cannot cope with desert
envirenments through behavior as ani-
mals do and have evolved morpholagical,
physiological . and phenological/ physio-
gromic solutions to the problems of
aridity, heat, and rainfall variability.
Most desert residents know that if one
plants a typical house plant and doesn’t
water it, it will wilt and die in only a few
davs. But marmy desert trees and shrubs
such as crepsote bush (Larrea di-
varicata), jojoba (Simmondsia chinen-
2ix) and feothill paloverde (Cercidium
srcraphiglim ) can go months, even
more than a vear, withowt rain. Their
extensive root systems allow them to
take up water from much drier soil than
non-desert plants, More importantly the
tissue of these plants can dehodrate, and
remain alive when sodl becomes ex-
tremely dry. How they accomplish this
feat phvsiologically has not been well
studied and is therefore poorly under-
b,

Many desert shrubs like creosote
bush or white bursage (Ambrosia
derrosa) have small, thick leaves. Brittle
bush (Encelia farinosa) has thick leaves
im the summmer and thinner leaves iniis
primary winter growing scason. The
leaves of ocotillo (Fouguierta splendens)
magically appear within a few days of
rain and fall rapidly with drought. The
leaves of feothill palo verde are so tiny
that most of itz photosynthesis occurs in
the green bark.

Another adaplive strategy to cope
with drought is to store water inside the
plant. Mutations or gdenetic recombina-
tionswhich allow greater water retention
were selected for in arid habitats. These
eventually became the water-hoarders,
or succulents. Succulent plants are
found in most of the world's deserts and
belong to about bwenty-five different
farmilies, this means that the succulent
trait has evolved from non-seeclent an-
cestors al least twenly-five separale
times, It i obviously an effective means
of coping with drought. The Sonoran
[xesert is rich in succulent cacti ranging
fromn smiall fishhook cacti (Mamrmmillaria
microcarpa, M. fetrancisirg,



M, thormrbert) to giant arboreal saguaros
(Carmegiea giganfea ) and cardons
IPachycerens privglai).

Dnce these species began the de-
velopment toward succulence, numenous
ather related adaptations became essén-
tial to survival. One very ebwvious nisces-
sity is to protect the stored water from
thirsty animals. It is no accident that
miost succulents are Gpiny Or pOLSOMos,
and often both, The nurmerosus species
which have very dense spines also create
their own shade and wind breaks, reduc-
img waber loss to the dry air. Water loss is
further reduced hy a water proof coating
of wax on the skin of most succulents,
and small or absent leaves minimize
surface area through which water is
transpired. Prickly pears (Cpeatfias spp.)
also have adense layer of calcium oxalate
crystals within the epidermis which taste
had as well as retard water ks, Because
the tough skin of succulents doesn’t
stretch well, many of the very juicy
species have evolved pleals or ribs, This
is the most efficient way to expand with-
out stretching, like a bellows,

Obtaining water in the first place
presents problems when moisture from a
rare desert rain often only wets the soil
o an inch or 5o and disappears in a fiew
days. Indrier portions of the Sonoran
Desert the annual rainfall may only be a
few inches and fall at irregular times
while the potential evaporation is over
nine feet a year! An extensive, shallow
root system is the best adaptation to
survive in such an environment. The
roots of giant saguare extend outward to
over forty feet, about the height of the
plant, In the driest desert areas, even
more amazing root systems are de-
veloped. A two foot cholla in western
Arizona (four inches average annual
rainfall} had roots extending to more
than thirty fect in all directions at two to
four inches in depth. That's a root system
covering 400 square feet of ground to
support a two-fool plant!

Succulents have evolved invisible,
physiological adaptations as well as the
vigible, structural ones. The mvost in-
teresting one of these is CAM. An ac-
roanym for Crassulacean Acid Metab-
olism, CAM isa special variation of
photosynthesis inwhich carbon dioxide

i taken up at night, Ordinary green
plants open their stomates (pores in the
leaves or stemns) during the day toe let in
carbon dioxide, which is combined with
waler taken up from the soil and light
energy from the sun to synthesize car-
hohydrates, the main energy source used
by both plants and animals,

Succulents have gone one slep
further with their Crassulacean Acid
Metabolism. In this special variation of
photosynthesis the plants” stomates are
open at night rather than in the day
which greatly reduces waler loss, Carbon
dioxide is converted toan organic acid
that can be synthesized later into car-
bohydrate using light energy from the
sun. The carbon dioxide cannot be syn-
thesized into carbohydrate in the absence
of light, so it is stored as an organic acid;
hence the middie letter of the acromym,
The majority of succulents as well as
semisucculent epiphytic orchids and
bromeliads have developed CAM, Aswith
succulence itself, this is a desert adapta-
tion that has evolved many times
worldwide,

Avery important plant strategy for
surviving in deserts is to live there when
it is mot a desert. This can be accom-
plished in several ways. Plants with bulbs
like thee Ajo lily (Fesperocalits undulata)

can emirge from desert sands with showy
Mowwers with wel spring rains., Other
plants avoid drought by shortening their
lifie cvcles to coincide with the rainy sea-
sons and surviving the dry season as
dormant, resistant seeds. Annuals ma-
ture quickly and boom profusely witha
rmimimal energy investment in stemms and
leaves, The lemgith of life, size, and
number of seeds produced by an annual
is directly correlated to the amount and
duration of the rainfall.

A Saharan grass can complete its
life cycle from seed to secd in eight davs,
Our spring annuals usually need bwo
months or more, In the Sonoran Desert
with itz biscasonal rainfall, there are
distinct winter-spring and summer-fall
groups of annuals, In good vears, the
Mexican gold poppy (Eschecholzia
mextcara) can color the slopes gold in
the spring and the summer poppy (Kall-
sfroemia grandiflora) in the summer.

A few desert plants are switch-hit-
ters that can be either annuals ar shart-
lived perennials. Fluff grass (Erfoneuron
pedchellim) is a small tufted perennial
that flowers i the summer in the
Chihuahuan and Sonoran Deserts but
becomes a spring annual in the winter
ramifall Mohaee Dezert!

| ]

Convergence

Convergence is the result of natural
selection producing similar adaptations
im unrelated species living in similar
environments. Because the desert isa
particularly rigorous environment,
desert adaptations tend to be drastic and
therefore conspicuous. This is why many
desert plants and animals look so
unusual. Examples of convergent desert
organisms are thus easily recognized,
even though the phenomenaen is
commvon in all envirenments.,

The world’s deserts all have very
similar enwironmental stresses towhich
its inhabitants must adapt — scarcity of
water, intense sunlight, and extreme
temperatures. The result is that the

deserts of northern and southern Africa
have many species of plants and animals
which closely resemble those of the
Sonoran Desert, even though they are
unrelated.

Mammals with desert adaptation in
form, behavior, and physiology similar
to the kangaroo rats (family Hetero-
myidae) of Morth America, include the
Jerboas (Family Dipodidag) of Asia and
North Adrica and the gerbils (family
Cricetidae) of southwestern Asia.

Many desert lizards around the
world demonstrate varving degrees of
evolutionary comvergence. One of the
best comparisons is the Morth American
horned lizard (Phirgmosoma 2p.) of the
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Family lguanidae and the Australian
thormy devil (Mofoch forridus) of the
Old World Family Agamidae. Although
completely unrelated, both have evolved
in desert environments where they move
slowly and feed largely or exclusively on
antz, Both rely on a “sit and wait”™ feeding
strategty inwhich a minimum of energy
is expended for a maximum caloric
returm, e, & large quantity of ants,
Significant differences exist bebween
these genera, however, particularly in
stomach capacity and thermoregulatory
behavior, These differences are directly
attributable to cormresponding differences
in their desert habitats.

The convergence diagram illustrates
a mesic (wet) habitat which slowly became
arid in parts of North America and Africa.
In Morth America the agaves (Ccentury
plants) evolved in response to drowght,
from a non-succulent ancestor which
may have resembled a modern non-
succulent agave relative, the tuberose
(Poliarithes tuberosa), The agave leaves
developed sharp teeth along their margin
(the mardin is the most likely place o
large herbivore would take a bite), and
powerful toxins which deterred smaller
herbivores. The agaves also developed
extensive, shallow root svstems and CAM.
In Africaa different plant group took a

similar adaptive path. A non-swcoulent
specics which probably leoked very similar
to the modern red- hot poker (Kriphofta
writera) developed succulence and
becami the ancestor of the aloes.
Tree-like euphorbias (Euphorbag
ir the Euphorbiscene) of South Africa
hanve very similar growth forms and
physiologies to the various arborscent
colurmnar cacti (Cacfaeeae] of North and
South America, In most examples of
comvergence the animals will also haee
important differences along with the
similarities. Here we present some
examples of convergence in the deserts
of North America and Africa. B

Sommefimes similar environments have
produced simflar organitems, The deser!
i o excepfion. T deserts of North
Ameriea, Ausfralia, Africa, and Asfa

North America

exer! similar selpctive pressures on fheir
imfanbdfanals. Farernast in thete pressures
errd extrerne aridity it Bne fowrn o Ton

errdd Frvfreguient raimiall, and extrennes of

Both the kangareo rat and the gerbil are
small redents bebween 20 and 40 grams in
wetight. They both hawe large hind legs. a
saltatorial. bipedal gate. and a counter
balancing. bong, tufted tail, They are both
budf colored like the pale sand that they live
on, Both inhakit simple burrows which they
dig thermeedves and pend the day imside them.,
They are only active st naght. They both have
the ability to concentrate their urine e
tirmes greater than a human can.

Aloes, like agaves, have rosettes of succulent
leaves with marginal teeth and bitter taste,
shallow roots, and CAM. The bwo groups
strongly resemble one another in appearance,
and some species of agave are almost identical
o somie aloes. Apaee corwlafa rom Haps
Calilormia 2nd Al glaticg from South Africs
s ove such pair, and Agare Bocrcormada of
Lonora and Afoe Broserr of South Africa
anather.

African hiorned vipers hive evolved horn-like
scales owver the eyes very dsmilar (o those of
the sidewinder. The scales fold down to cover
the eyes, and protect the delscate eve wcale
vty Lhie anake enlers a rodent burrow while
huntang. Both snakes have evalved a cryplic
colar of brown or tan blotckes on a light beige
ground color. Both snakes moee by “side-
wianding™ = the only way to make progress on
an umstable sandy surface

femperalure primartly on the high side.
Oy fhese fodie comfineris, the deserls
corfain same aaimalz and mants of
strrfar form, physiodogy and beharior,

Africa




Evolution and the Sonoran Desert Landscape

Wheitn we 2e¢ a rich Sonoran Desert land-
scape like this organ pipe cactus
(Sterocerens thurberd) community on a
hillside im Organ Pipe Cactus National
Monument, it is the result of various
#eclogic and evolutionary processes. The
volcanic rocks themasehves and the Puerto
Blanco Mountains are probably formed
as part of the tectonism and block fault-
ing im the Basin-and-Range Province
about fifteen million vears ago. Some of
the animals that live in the community,
including the desert tortoise (Nerobales
agassrzi] and the desert rosy boa (Licha-
mura frivirgala) are surviving members
of subtropical groups that first evolved
thirty to forty million years ago. Others
like the black vulture [ Coragyps afrafus),
the Organ Pipe shovel-nosed snake

(Chronactis palarosiriz), and the tiger
rattlesnake (Crodalos figris) belong to
families that immigrated to North
Amierica in the Late Cligocene or early
Miccene fifteen to bwenty million vears
ago. Plant species in the community,
including organ pipe cactus, saguaro,
and brittle bush probably evolved in the
latest Miocene as North America became
more arid with deserts appearing by
eight million years ago. A few species like
the white-throated packrat (Neodorma
albigedal, the cactus mouse (Perompscus
erermicies ) and the rock pecket mowse
(Perognaifous infermedizs) are members
of rapidly evolving groups that are proba-
bly no older than a million yvears or so.
During the last 1.8 million vears of the
Pleistocens the geographic and eleva-

tional ranges of each animal and plant
have been drastically contracted or ex-
panded with each glacialinterglacial
climatic cwcle for fifteen to bwenty ice
aghes! Relatively modern community
composition was only established about
000 ywears agho in the present imter-
glacial, as more subtropical elements
such as organ pipe cactus and foothills
palo verde arrived from their glacial
refugia in Sonora. The community is
recovering from catastrophic freezes and
droughts, the agents of natural selection,
that occurred in the last few decades.
Similar historical processes have been at
work to produce all of our Sonoran De-
sert landscapes,
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Dr. & Mrs. John E. Freund
!-Ir. Hugh W. Frey

Miss Dorothy M. Fritz
Mr. & Mrs. Lyle E. Frohberg
Mz, Jane F. Fryatt
Dr. & Mrs, Wallace H. Fuller
Mr. & Mrs. Charles €. Fulton
Mr. & Mrs, Derald Fulton
Mr, & Mrs, Vermon W, Furmow
Mr, & Mrs, Sam Gallant
Dr. & Mrs, Mark [0, Garfield
Mrs. Certrude G. Gelderman
Dr. & Mrs, Jon E. Gibhs
Mr, & Mrz, H. Hurst Gibson
Mr, & Mrs, Philip Gioto
Mr. & Mrs. Evereil B. Cladding
Dr. & Mrs. Stanley 1. Glickman
Mr. & Mrs. Phillip E. Gositsch
Mrs. Patricia A. Goldner
M=, Marv A, Coodman

Col. & Mrs. Donald F. Goss
. Penilope Ann Gral
Mrs, Wenona M. Graf
Mr. & Mrs. Gordon J. Graham
Mr. & Mrs. Peter T. Grassi
Mr. & Mrs. Deane B. Gray
Mrs. Lois C. Green
Dr. & Mrs. Richard P, Greenberg
Mr. & Mrs. Leonard E. Griffith
Mr. & Mrs. Meal Grissom
Mr. & Mrs. Geonge L. Grossman
Abbey Grunewal
Mrs. Jewel Curian
Mr, & Mrs, Frank 5, Gastmann
Mr & Mrs, James B Guy
Mr. Michael J. Guy
Mr=. Diana W. Hadley
Mr. & Mra. Donald G Hager
Mre, Neal EE H
Mr. & Mrs. [amel B, Hal
Mr. & Mra. Don V. Hamilton
Mr. & Mrs. Jack C. Hammel
Mr. & Mrs. Philip M. Hanft
Jay H. Hansen/Alice J. Hansen
Mr. & Mrz. Richard Hansen
Mr. & Mrz. Walter J. Hansen
Mrs, Alida Hanson-Day
Audrey M. Hangson
Mrs, Clara M. Harlow
Mr. & Mrz, Michasel H. Harfung
Mr. & Mrz, Lavrence E. Harvey
Mr. & Mrs, James [, Hathaway
Mr., & Mrz, 5am L. Hawert
Dir. Richard K. Hausmanin
Mr. Larry Hapden
Mr. & Mri, Lester J. Hxt, Ir.
Mrs. Gibson Hazard
Mr. Sherman Hazeltine
Mr. & Mrs. Thomas B. Hea
Mr. & Mri. Richard H. Hecher
Mr. & Mrs. E. Keith Hege
Mz, Gertrude E. Henning
Mr. & Mrs. Hans K. Henrichs
Mr. & Mrz. Alan E. Henrikzon
Mr. & Mrs. Thomas Hierl
Mr. & Mrs. Ceonge R, Hildenbrandt
Mr. & Mrs. Kenneth C. Hill
Mr. & Mrs. William Hillenbrand
Mr. & Mrs, Bruge Hillman
Mr, & Mrz, George Hinzon-Hider
Mz, Katharing B, Hipple
Mr, & Mrs, Henry Hikchoock
Ms, Peggy M. Hitcheock
Dr. & Mre. Samvel Hodetzon
Mr. & Mrs, Fred . Hollenbeck
The Hon. & Mrs.
Douglas 5, Holsclaw
Dr. & Mre. Stuart [ Holtzman
Mr. & Mrs, Frederic A, Hopl
Mr. Thomas H. Hukbard
Mr. & Mrs. M. Ermest Huber
Mr. & Mrs. William A. Huebner
Mrs. Jean F. Hu
Mr. William J. Hunnebeck
Dr. & Mrs, . M. Hunten
Mrz. Mona M. Hunler
Col, & Mrs, George G, Hupp
Barbara L. HydeCarol A. Brainard
Mr, & Mrs, David lderton
Mr, & Mrs, Roger D. Ingeroll
D, & Mrs, Kenneth V. lwerion
Mr, & Mrs, George B Jackson 101
p. M }"rrj F. Jﬁiﬂfl
Mr. & Mrs. Jeifrey 3
Ma. Betty M. James

Mr. & Mrs. Richard B. Jamison
Mr, & Mrs, Thomas Jancic
Mr, & Mrs, Richard L, Jaguay
1. Bukin Jelks III|"|=':,|],5:.l C. Jelks
I, & Mrs. Charles A, Jenkins, Jr.
Mr, & Mrs. Kenneth . Jenkins
Mr, & Mrs. William W, Jenmey, Jr.
Migs Lavrs L. Jennmings
Mr. & Mrs. Frank M. Joachim
Mr. & Mrs. Duane R Johnzon
. & Mrs. Frederic L. Johnson
Mr. & Mrs. John W. Johnson
Patti L. Johmson/Andy C. Wolfe
Mr. & Mrs. David ¥, Jones
Mr. & Mrs. Donald E. Jones
Mrs. Jean K. lones
Mr. Curtiz M. Kahara
Mr. & Mrs. Bobert E. Harst
Mr. & Mrs. Sam H. Tan
M. Suzanne K. Keckonen
Mr. & Mrs. 5. H. Kelleran
Col & Mrs, E, F. Kelly, Jr.
Mr. James F. Kelly
Allvn H. KervDarathy Hunley
Mr. & Mrs. Donald R. Kerr
D, & Mrs. Louds 1. Kettel
Mr. & Mrs. Danforth Killips
Mr. & Mrs. William C. Kirchner
Ms. Rathryn K. Rirkdorfer
Mr. & Mrs. James L. Knickerbocker
Mr. & Mrs. David T. Knoble
Dr. Philip N. Enorr

[ir. Amy Jean Brnoer
Dr. & Mrs. Ronald J. Knudson
Mr. & Mrs. Heinz F. Koch
Mr. & Mrz. Andrew A. Kole
Mrs. Charlotte H. Kaski
D, & Mrs. C. Theodore Kraft
Mr. & Mrs. Alfred Kramer
Mr. Le Roy Kraus
Mr. & Mrs, Clarence H. Krohn
Mrs. Peter C. Kronfeld
Mr. & Mrs, Alvin Krueger
Mr. & Mrz. Carl W. Kueifer
Mr. & Mrz, MNed 1. Kushnhold
Mr, Edward Humiega
Mr. & Mrs. John M. Kuntz
The Hon, & Mrs, Michee| Lacagnina
Dr. & Mrs. Robert M. Ladd
Mr. & Mre. Richard J. Laird
Mr. Charies E. Lamb
Mr. J. J. Larkin, Jr.
Mr. & Mrs. H. ). Lauver, Jr.
Mr. & Mrs. Harry M. Lawson
Mr. & Mrs. Theodore ). Lely
Hr &E:EIFE Hﬂhin" Lenan

5. ¢ Lightbum
Mz, Lisa A, Ligon
Dv, & Mrs, hoseph Y, Lilkey
Mr, & Mrs, Gregory O, Lindmark
D, & Mrs, Alexander ), Lindsay, Jr.
Miss Marie A, Linn
Mr, & Mrs. Herbert A, Lasle
Mz, Mona R, Livesey
Mr, & Mrs. larmes M. Livieratod
I, & Mrs. Richard C. Llhni[stnn
Mr. & Mrs. Jefivey H. Lockradge
Mr, [}nn H. Lorenz
Mre. Thacher Lorin
Ms, Betiy Jean
Mr. & Mrs. Richard Lubin
Mrs. Dorothy H. Lunn
. & Mrs. Joseph 5, Lunn
Mrs. Louise Pender Lyle
. & Mrs. Frederic Maccabe, Jr.



Mz, Mary Ann Mace
D, & Mrs, John W, Magee, Jr.
Mr. & Mrs, Eric D, Maiefski
Mrs. G, Allen Mail
Mrs. Waller E. Makosky
Dr. & Mre. William J, Mangodd., Jr.
Dinzld E. Marcus

Elisabeth Milligan
Mr. & Mrs. B G, Markham
Mr. & Mrs. Darrell Marti
Mr. & Mrs. James L. Martin
Dir. & Mrs. William 5. Maslamd
Mr. & Mrs. Howard J. Mather
Mr. & Mrs. Honald C. Mattlin
Mr., & Mrs. Lester A. Mauk
Mrz, Gearge E. Maynard
Mr. & Mrs, Walter H. Maynor
Mr, & Mrs. Jack A. McoCann
Mrz, Alta L. McCarthy
Mr. & Mrs. William J. McCarty
Mr. & Mrs. Andrew R, McCaulou
Miss Myra P, McClish
. & Mrs. John W. McClure
Mz, Marian B. MoConochie
Mr. & Mra. Harold W, \'I.:I:Z‘n:ighq
Mr. Edgar J. MoCullowgh. Iy,
Mr. Alived L. MeCume
v, & Mrs. Franklin R. McDonakd
Mr, & Mrs, A M, McDougal
Mr. Davad B. HcIk:-uTl
Mr, & Mrs. Edmund L. McGibbaon
Mr. & Mrs. Joe McGill
Mr, & Mrs, David ). Melnroy
Mr, & Mrs, Stuart R, Mcln
Mr, & Mrs, Gordon F. McKim
Mr, & Mrz, John W, Mclean
Mrs, Stella L, Mclean
Mr. John A McLeod
M, Janet L., McMahon

Miaz Shilly McMahon
Mr. & Mrs, G, W, Mchutt
Mr. & Mre. W, H. Meadowerodt
Lawrense B, Medina'Gilbsrt Medina
Mr. John F. Merchant
Mr. & Mrs, Stephen Metcalfl
Mr. & Mre. Edward Micheels
Ms. Christine B. Michaglomwski
Mr. & Mrs. Arthur H. Miller
Mr. & Mrs. Horace P. Miller
Mr. & Mrs. Herbert E. Miller
Mr. & Mrs. Thomas P. Miller
Mr. & Mrs. Steve L. Milne
Mr. & Mrs. Leenard D Minutille
Mr, & Mrs. Ken J. Miorana
Ms, Louise 1, Misto
Mr, & Mrs. Ceorge F. Mitchell
Mr. & Mrs. Hamilton B, Mitchell
Mr. rs. Jaohn M, Mitchell
Mr, rs. Mike Mitchell
Mr, rs. Rohert |, Modica IV
Mr. & Mrs. G, Palmer Moffat
Mrs. Joseph AL Moller
Mr. & Mrs. Duame A, Manroe
Mr.& Mrs. Theodore Montague, Jr,
M- & M. Robert 1 Boomeah

r.& Mrs, i H. Monigomerny
Mrz. James 0. Moore
Mr, & Mrs. Elkan J. Morris
Dr. & Mrs, John C, Moseley
Mr, & Mrs. Kenneth L. Moses
Mir. & Mrs, Hay Moses
Mr. & Mrs, Dovid Muench
Mra. Charles N, Mullican, Jr.
Mr. & Mrs. Robert M, Mullins
Jarmes G Mummert/™, B, Gallardo
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Mr. & Mrs, David H, Munger
Dr. & Mrs. Franciz A. Munson
Mr. Clarence H. rs

Mrs. Opal B. Magel

Mr. & Mrs. Harry P. Neher

Mr. & Mrs, Chisck Nelson

Mr. & Mrs. Harvey J. Melson
Mrs, Jang H. Nelson

Mrs, Jessamine C, Neville

Dir. & Mrz, William 5, Nevin

My, Emeline T, Newman

Mr. William P, Newman

Mr. & Mra, Carl M. Moble

Mr. & Mrs. Robert 0, Nogl

Dir. & Mrs, John ). Nolan

Mr. & Mra Daniel M, Norlon
Mr. & Mrs. Ralph T, Norvell

Mr. & Mra Ceaal K. MNornalle

Mr. & Mra. Harlan L. Nussman
Mr. & Mrs. Louss T. O'Brien

Mz, Susan V.

Der. & Mrs. Johm 1. O°Leary, Ir
Mrs, Mallory M. Olrmsted

Mr. & Mrs. Kenmeth O, Olson
Mr, Kris Clson

Mr. & Mrs. Timothy J. O'Malley
Mre, F. ). O°Ngill

D, Audrey Cepulski

D, & Mrs. Eric M. Ohssowski

Mr, & Mrs. Charles H. Oat, Jr.
Mr. & Mrs. Charles W, Dtito

M. Julie Packard

Mr. Harald M. Page, 5r.

Mz, Margal [, ]".J.llt.ll'sh}'

Mr. & Mrs. Lewas E. Pare

Mr. & Mrs. Willaam A Park

Mrs. W. Parker

Mr. & Mr2 John H. Parks

Mr. & Mrs. David T. Palterson
Mrs. Henry 0. Pattison, Jr.

Mr. & Mrs. Winzer V. Paxton, Sr.
Mr. & Mrz. Thomas E.PI:;EI

Mr. & Mrs. George K. ¥
Mr., & Mrz, George Peace

Mr & Mrs. Robert H. Pease

Mr. Robert E. Pell

Mr. & Mrs. Edward B. Pennington
Mr. & Mrz, Will Penpraze

Mr, & Mrs, George W, Perkins. Jr.
Mr. Maunce Perkins

Mr. & Mrs. Charles H. Perrine. Jr.
E. H. Peters

Mr. & Mra. Arthur G, Pelterson
. Charles L. Pixif, Jr

Ms. Claire L. Philli

Mr. & Mra. Samuel J. Piager
Mr. & Mrs. Arthur K. Pickell

Mrs. Christy Pickrell- teld
Mr. & Mrs. Ten Fic
Mr. & Mrs. John B. Pierce

Mr. & Mrs. Viateur J. Pilon

Mz, K. A Piotrowski

My, & Mrs. Henry L. Pitts

Mgz Frances Pleasanton

Mr, & Mrs. Randolph H. Pomeray
Margaret Pope™Norman R Epstein
Mr, & Mrs, Robert E. Porter

Mz, Edi M. Powell

Mr, & Mrs, William C. Povnecr
Mrs. William R. Preston

Mr. & Mrs, Cole B. Price

Mr. Charbes T. Prindeville

Mr. & Mre. Bse A, Prosser

Dr. & Mrs, Handall 5, Prug

Mir. & Mrs. M. E. Puliizer

D, & Mrs, William E. Putnam
Mr, & Mrs, Henry Cruinto

Dir, & Mrzs, Todd J. Kaemizch
Mr. & Mrs, W, E. Railing

Mr. & Mrz, Peter ). Rasey

Mr. & Mrz, Boyd L. Rasmussen

Doug Eautenkranz/Kar Rautenkranz Mr.

Mr. & Mre, Noel M. Fwneherg
Col. & Mrs, Henneth W, Rawson
Mr. & Mre, Barry L. Rebh

Mr. & Mrs, Rymond E, Reed
Mr. & Mrs. George B. Reichart
Mr. & Mrs, Fussell W, Beid

Mr. & Mrs, James 5. Reynolds
Dr. Hermann 5. Khu

Mr. & Mrs. Michael James Rich
Mr. & Mrs. Charles C. Richardson
Mr. & Mrs. Glenn 5. Richards
Mizs Martha P. Richardson

Mr, & Mrs. Glen A, Richison

Mr, & Mrs. Lawrence 5. Robbins
Mr, & Mrs. Clarence H. Robinson

D, & Mrs. William J. Robinson
Ik, & Mrs, Meopito L. Bobles
[, & Mrs, Walter C., Rogers
Ur, & Mrs, Edward E. Hogolf
Mr. & Mri. William E. Bonstadt
Mrs. Jerodd Rosenblum

Mr. & Mra. William B. Botskam 10
Dr. & Mrs. Edwin 5. Roth
Mr. & Mra. Virgil Fule
Mr. & Mrz. Ivan Russell
Mrs. Jean Russell
Mr. & Mrz. Paul E. Byvan
Mr. & Mrz, Robert A, Ryder
Mrs, Charlene K. Salinass
Mr. & Mrs. Elman H. Sandell
Dir. & Mrs. Robert [ Sanford
Mr, & Mrs. Tavlor Sanford
Mr. & Mrs. Robert W, Sang
Miss Gladys Sarlat
Mr. & Mrs. George Sayers
Mr. & Mrs. Charles H. Sayre
Mr. Curliz 5, Scaife
k. Johs P. Schaefer

[. Helén 5. Schaefer
Mr. & Mrs, Harald W, Schaubert
Mr. & Mirs, Adgate B, Schermerhorm
Mr. Jefirey G, Schlein
Mr. & Mri A N, Schlinsock
Mr. & Mrs. Maurice Schlossherg
Mr. & Mrs. Eugene B, Schmidt
Mr. & Mrs. Charles ), Schneider
Mr. James N, Schnesder
Mr. & Mrs. Gerrlt ). Scholten
Mre., Marjorie A, Schoalrman
Drr. & Mrs. Michael M. Schreiber
Mr, & Mrs. Allen B. Schroeder
Mrs. Helen Schuliz
Mre. Margaret |, Schultz
Mr, & Mrs. Bobert ). Schuliz
Mr, & Mrs, C. W, Schumacher
[, & Mrs. Frederick A. Schurmeler
Mrs. Virginia K, Scott
Mr., & Mrs, William €. Scott
Mrs. ). Chase Scully, Jr.
Mr. & Mrz. Donald G, Sec
Mir. Hobert L. Seiber
Mirs. Milton €. Sermaoff
Mrs. Edward L. Sermonin
Mr. & Mrs. Allen H. Shaffer
Mr. & Mrs. Eddy C. Shaieh
Mrs, Cyril . Shannon
Mrs. James L. Shea
Mr. & Mrs. Peter L. Sheldon

o, & Mrz, [, E. Shemansky
Mr, & Mrs, Melvin 5. Sherman
Brig Cen, & Mrs. Wm, L. Shields
Mra, Johnston B. Shimer
Ibr. & Mrs. Dale E. Shirley
. & Mrs. Bernard H, Shoermaker
& Mra. Donald G, Shropshire
& Mra. C. Blaine Shull
Jerorme 5. Shall
& Mrs. ). F. Siegel
My. & Mrs. Ralph E. Silberschiag
Mr. & Mrs. Ralph W. Sirmer
Mrs. George G, Simpaon
Miss Helen W. Simpson
Mr. & Mrs. William W. Sinclair
Mr. & Mrs. Lonnie L. Skinner
Mr. & Mrs. Dale W. Slavter, Jr.
Mr, & Mrs. Clark Sloat
Mr. William 5. Small
LCDR €, C, L. Smith. USKN
Col, & Mrs, Dam L. Smith 11
v, & Mrs, Earl A. Smith
Dr, & Mrs, George E, P, Smith. Jr.
Mr. Kimball M, smith
Mr. & Mre. Hobert M, Smith
Mir. & Mrs. T. A, Snedden
Mr. & M. Bobert G, Snider
Mir. & Mrs. Hank Snowden
Mrs. Earl V. Snyder
Mr. & Mre. He . SOFTRETTTRET
Mr. John H. Soule
Janet Spadorafrthur lomes
Dir. & Mrs. Joe Spears
Mr. & Mrs, Kirk C. Spiker
Dir. & Mrs. Walter R. Spofford
Mr, & Mrs, George T, Stadler
Mz, Jane Chilcott Stafford
Dr. & Mrs. James F. Sa
Mr. & Mrs. C. Groff Star
Mr. & Mri. Herman H. Stehle
Nelson StemnmetzSarah Steinmetz
Mr. & Mra. Les D Stennette
Mr. & Mrs. Harry E. Stewart
Mr. Malcolm F. Stimers
Mr. lohn G. Stompody
Mr. & Mri. E. Esty Stowell
Mrs. Dora C. Strickler
Mr. & Mrs. Allen P. Stults
Mr. & Mrs. John R. Sullivan
Mr. & Mra. William W. Sullivan
Mr. Hareld A, Sutphen, Iy
Mrs. Kella Sutton
Mr. & Mrz. Robert 5. Swanson, Jr.
Fred W. Tahaka'Edmes Tabaka
Mr, & Mrz, Irvin W, Tanner
Mr, & Mrz, Ronald H. Taub
Mr. & Mrz, Duncan K. Tavlor
Mr. & Mrs. James B. Taylor
Mr. & Mrs. Joseph W, Taylor
Ma, Mary Ann Tavlor
Mr. & Mri. Thomas R, Taylor
Mr, & Mrs. John D, Tearse
Migz Elzsheth Templin
Mr. & Mrs. Howard A. Terpning
ll-'I:. f}nﬂthu A Th
1 €. Thompson 111

"~!|' & ri. Harris A. Thompion
Mr. & Mrs. Harlan J. Thompson
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Mrs. Noel Thempson
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Betty M. Thrun/Sharon L. Thim
Ms. Elizabeth A, Tisch
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Dr. & Mrs. Spencer B, Titley

Mr. & Mrs. James Torrente

Mr. & Mrs, Thomas T, Towns
Mr. Donald Traicodi, Jr,

Mr. H. A, True, Ir,

Dr. Suzanne Tamblin

B. W. Tvchman/inna M. Horvath
The Hon. Morris K. Lidall

Mr. & Mre. Bill Ulenan

Mr. & Mrs. Peter J. Urban

Mr. & Mrs. Daniel W. Uthe
Georgla F. Vancza

Mr. & Mre. William F. Van Deventer
Ms. Joan 5. Yan Drke

Mr. & Mrz. Robert E. Vanck

Mr. & Mrs. T. E. A, Van Hylckama
Mr. Warren Vam Nest

Mr. & Mrs. Warren H. Yan Tuyl
Mr. & Mrs, James G, Van Vet
Mr. & Mras, W, ), Venhuizen
Claris F, Volkening

Mr. Otis H. Wade

Mr, & Mri, Richard K. Wagner
Mrs. Anna 5. Wainger

Mr. & Mre. Jack L. Walcott

Mr. & Mrs. Hal T. Walker

Dr. & Mrs. Walter W, Walker

Dr. & Mrs. Jon B. Wang

Mr. & Mrs. Charles [, Warburton
Mr. Cameron A. Warren

Mr. & Mrs. John E. Warren

Mr. & Mrs. Charles B. Washbum, Jr.
D, & Mrs, Thomas A Webster
Miss Elcanor J, Weeks

Dy, & Mirs. Michael ). Welther
Mrs. David T, Wenide

Mr, & Mrs. Hubert . Whassler
Ms, Liza Whitcomb

Mr. & Mri. Williarn P. White

Mz, Ruth E. Whittaker

Mre. Marie 'H.'In:h

Mr. & Mrs. K. D. Wickwire

Mr. & Mrs. Theodore C. Widder, Jr.

Mr. & Mrs. Adam B. Wieczorek
Mr. & Mrs. Delano Wight

Mrs. Joan L. Wild

Mr. & Mrs. Donald M. Wiley

Miss Suzanne Wiley

Mre. Mary T. Willlets

Mr. & Mrs. David B, Williams, Jr.
Mr. & Mrs. Harodd E, Williams
Mr. & Mrs. Norman Willock

Mr. & Mri. Arinia B, Wilson, Sr.
Dr. & Mre. Jakn [ H. Wilson
Mr. & Mrs. Ste nH..\'lr'mdsnr
Mr. & Mrs. F. P. Wi

Mr. & Mrs, Hi!l"lj.' 'I.'l."ltt

Mir. David ] Wolison/Ms. Catherine L. Wolison
The Rev. & Mrs. Carey C. Womble
Mr. & Mrs. Richard B, Woadhury
Mr. & Mrs. Samuel H. Woods
Col. Charlatte 1. Wosdworth

. Edward K. Wright

& Mrs, Lawrence T, Wright

Mrs, Gary B. Winglarden
Wynstra

r& Samuel C. Yocum

F. Stansbury Young

. Michael C. Young
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Winter and Spring 1988

Al the reading in the world may not
teach us what we could learn in a few
afternoon walks in the desert, orinan
early morning spent silently watching
and listening as the rocks and air begin
warming, insects, lizards and birds begin
their activity, and green stems and leaves
start producing their daily food, We are
fortunate in Tucson to have natural set-
tings so close at hand for the learning!
For those who enjoy the added benefits
of having someone along to relate what
thiey know and love about the Sororan
Desert, we are glad to provide the Special
events study tours and workshops for
members. We hope you will join us for

one of these special learning experiences.

Mineral Mysteries Solved — A
Workshop

Saturday, Januwary 30

B am - 12 noon

ASDM members onily

Dvid wou kmvow thit there are over 2, (M0
spiecies of the mineral kingdom? OF
course, tobe 3 collector, there is no need
toe kmvivwe all of them. In fact, of the 2,000,
there are fwelve common minerals found
in the rocks around us. In this workshop
our Earth Sciences staff will show you
what a mineral is. how and wherte miner-
als form. which kinds are commin or
rare, and how to correctly identify them.
Yo will learn to distinguish fine,
museumn gquality mineral specimens
from ordinany ores, ubilizing select
picces from the Desert Museum's perma-
nent mineral collection. “Mineral Mys-
teries Solved.” cormes just in time for the
annual Tucson Germn and Mineral Show
i{the second full weekend in February).
the higgest and mast spectacular min-

eral shiow and sale im the world, This
workshop introduces vou to this fascinat-
img rineral world in time to really enjoy
this vears show,

The course fee of 38 cowvers hand-
auls, refreshments, and hands-on in-
struction from our muwseum staff. Course
migets in the ASDM classrotim and 15
limited to ASDM members. Register
early, as this promises to be a popular
event!

Nature Drawing at the Museum
Four successive Saturday mornings
beginning February 27 and ending
March 19

e0M) w1200 pro (bring sack lunch)
ASDM mernbaers only

Each of our senses teaches us aboul our
surroundings in a different way, and
aften we neglect to train our viswal per-
ception in broadening our awareness. We
are trained to fill our heads with interest-
ing facts, facts about the desert which
usually focws on verbal skills. All well
and goad, but it % an exciting “mind
expander” to try our sight in réfining our
perception and understanding of the
desert. Stopping to look and giving your-
self time tosee is the latch that opens the
fate to a whole newworld, This four
week course is designed to encourage
participants to use drawing as a tool for
learming about the biotic communities
represented at the Desert Museum. and
to teach the kind of observation neces-
sary to draw accurately and sensitively.
There will be a slide lecture on the his-
tory of nature drawingg, demonstrations
of many media (pen and ink, ink wash,
prizma color, pastel, watercolors) and
basic drawing instruction. The emphasis,
however, will be in the experience of
drawing the plants and animal from

life and the insight gained from that ex-
perience.

Our instructor, Ellen McMahon,
received a masters degree in Biology
with a speciality in scientific illustration
in 1983. Since then she has taught sev-
eral courses in botanical and animal
illustration, nature drawing, and graphic
design, Fee: 365,00 plus minimal
supplies. Class size limited, so register
carly, ASDM mmrembers only.



Santa Rita Minerals Sojourn —
a One Day Collecting Trip
Saturday, March 19
700 am =504 pm
ASDM mvevrrbers ondy
Join ws for a one-day collecting trip to
some of the interesting mineral localities
in the Tucson area. “The Santa Rita
Sojourn” will take you to bwo unigue
mires. Brush close by some of the
miner's ghosts at the Helvetia as we
explore the adobe ruins and search the
mine dumps for copper minerals, just as
they did at the turm of the century. Not
too far from Helvetia, still in the Santa
Fita Mountains, is the Glove Mine out-
side of Amado. While Helvetia is noted
for it copper minerals, the Glove's claim
bor fammee 15 a swite of lead and zine miner-
als including wulienite, smithaenite, and
galena, Participants will collect their
own Ereasures from each of these mines.
Fee of 83500 includes transporta-
tion, informational handouts, cold
drinks, and expert leadership by ASDM
Earth Sciences staff. Bring a sack lunch.
Croup size is limited so register early.
ASDM members only.

Tucson Mountain Wildflower
Walks

Wednesday, Saturday, or Sunday
March 23, 26, or 27 (9:00 am = 12 nodn)

We can't promise hillsides of poppies,
larkspurs and lupines straight ouwt of
Arizona Highways but even in our
wildflower “off vears” desert canyons
hold pockets of delicate blooms. En
route, our naturalists will lead vou to
these treasures and discuss the natural
history and ethnobatany of the plants.
Group size 15 limited, so b sure to sign
upsoon for this pepular activity. Meet at
the ASD¥M front entrance equipped with
canteen, brimammed hal and hiking shoes.

Fee of 35 (311 non-members] covers
wildilower book, handouts and a
naturalist guide.

For Planning Ahead . . .

Spring Gem, Mineral and
Plant Sale

April 9 and 10

Q=00 -4 2040 pan

Midriff Islands — Sea of Cortez
Nineg-day expedition

April 16-24

or April 24 -May 2, 1988

The Midriff 1£lands in the Sea of Cortes
are extremely rich in the flora and Buna
off basth the desert and the sea, Clustered
iri the middle of the Ses of Cortes, thiz
fazcinating group of dezert iglands was
uplifted as part of the sctive spreading
center of the tremendous geobogic fult
which separated the peninsula of Baja
California ivom the mainland some four
ko six million years ago. The plant and
terrestrial animal life remaining on each
separated little chunk of land has de-
viloped unigue adaptations over the
penerations, so that mow nearly every
island boasts its own lifeforms, somse of
which are known nowhere else on Earth!
I addition to these sights, our timing =
arranged for observing flights of maring
hirds, rookeries of harking sea lions, and
perhaps a sighting of fin whales, pilof
whales or orcas. Accompanied by ASDM

staff naturalists we will have many oppor-

tunities to ohserve, learn, photograph,

Registration Information: To
preregister send a check or money order
pavable to the Arizona-Sonora Desert
Museum, along with the name and date
of the event, your name, address, and a
davtime phone number. Send a separale
check for each event and list ASDM
membership number for cach
participant. Mail to;

ASDM Special Events

2021 N, Kinney Road

Tugson, AZ B5743

Cancellations and Refunds: All
cancellations must be received in
writing. Wo refund can be made within
seven days of any day event or 14 days of
anovernight event.

and appreciate this important part of the
Sonoran Desert,

Aproximate cost of this expedition is
£1,250.00. Costs include guide services,
information packets, meals and bever-
ages on board, and a preview slide pro-
gram within the month prior to the ex-
pedition. The accommodations imclude
upper and lower bunks, single occupancy
is not available, Mot included in the cost
is the Might from Tucson to La Paz (cur-
rently 390,000, The maximum tour size
is eighteen people, Because of the popu-
larity of thiz tripwe have scheduled two
expeditions.

Prevegigtration is required. For
more details and & registration form,
contact the Special Events Office, 883-
1380, Ext. 1005,

Bisbee Mineral Tour — The
Echoes of Cousin Jack

A three-day collecting tour through
southeastern Arizona’s historic mining
camps

Friday-Sunday, May 13- 15

ASIM members only

The early Welsh miners who immigrated
to America in the 18Ms contributed
miuch to mining in the early southeast-
ern Arizona mining camps with their
vast skill and knowledge of the trade.
They were called “Cousin Jacks,” and
their winves were “Cousin Jennies.” Four
pound, hand-held sledge hammeers called
single jacks and eight pound double
jacks gave rise bo a melodic ring and
rhythm underground, as the miners
pounded hammer against chisel to
loosen ore from the surrounding rock
walls. Qur three-day trip will be filled
with mineral collecting, ghost town
haunts, folklore, and mining history. We
will visit the famous underground Queen
Ming in Bishee, and mining camps and
ghost townz in the Dragoon and
Patzgonia Mountains aswe follow in the
foestsbeps of Cousin Jack and Jennbe.

Thie trip fee of $185.00 ineludes
expert guidance by ASDM stafl, interpre-
tive information packets, transportation.
double-occupancy ledging and all nen-
restaurant meals (bwo breakiasts and two
dinners in restaurants). Preregistration
required. ASDA members ondy.
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The Foundation for the Arizona-Sonora Desert Museum
invites you to experience the mysteries of another desert in

another place in time —

India

A 24-day luxury tour, March 13—-April 5

You are invited to join ASDM Director Dan
Davis and fourteen others on one of the
most elegant and unique trips ever
planned from Tucson — an unforgettable,
twenty-four-day lwoury tour of India plan-
ned in the style of the Maharajahs. Spon-
sored by the Foundation for the Arizona-
Sonora Desert Museum, this exotic trip has
been tailored especially for the foundation,
by the renowned tour operator Abercom-
bie & Kent, to concentrate on legendary
Rajasthan with three davs and four nights
in Ranthambore Mational Park, one of
India’s first tiger reserves. With the exper-
tise of our special guide, Dr. Siddig Wahid,
we will gain a rare insight into the history
and ecology of this desert area, not unlike
our Sonoran Desert but with forts and
palaces. Dr. Siddig. a native of India, is the

son of the former principal advisor to the
Dalai Lama. A Ph.D. from Harvard, he is
the author of “Ladakh: Between Earthand
Sky.” a book about his ancestral home in
northeastern India. An expert in Central
Asgianand Tibetan Civilization, Dr. Siddig
now heads the Abercrombie & Kent Office
in New Delhi. He does not normally lead
trips, but has volunteered to personally
escort the ASDM party throughout its
journey of India.

This truly will be an around-the-world
trip, too extensive to detail in this space.
There are a few spaces left for this experi-
ence of a lifetime, but reservations must be
made soon. If you're interested, call Dan
Dravis at B63-1380. He'll be happy to answer
your guestions and provide you with de-
tails.

First Notice —
Australian Discovery Trip

If wou would like to receive
information as it becomes available
ahout this once-in-a-lifetime ad-
wventure, please contact Assistant
Diirector Dave Beal or Administra-
tion Secretary Jean Morgan, (BO2)
BE3- 1380 or by mail to ASDM.
Group size is limited.

country has so many fascinating
marsupial animals, and the bird
life is outstanding.

Planning is underway for a
members-only journey to the land
“donwn under.” Tentative schedule
for the trip is the latter part of Au-
gust and early September of 1988,

This i5 your opportunity to visit
Australian desert, Ayers Rock and
| the Great Barrier Reef aswell as
| major cities of Australia. No other

Thee Arizona-Somora Desert Mudewm Non-Profit Org,
A1 N, Kinrscy Road .5, Postage
Tieciom, A 857430060 - FAID
Arizona: SonoTa
Degert Moot

Address Correction Requested
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