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Editorial
The Goodness of Plants. The dictionary defines an oasis
as a fertile green spot in a wasteland or desert (see cover). Just
imagine the joy of Moses when, after wandering over the sands
of the desert, lost, tired, thirsty and hungry, suddenly the Oasis
of Midian came into view! With such a scenario, the goodness
of plants is easy to appreciate. In the present issue of Desert
Plants, in the article on Aloe vera, Plant Symbolism and the
Threshing Floor, we explore not only the Bible, but also
writings of the ancient Mesopotamians, Egyptians, Greeks and
Romans in search of the meaning of a symbolic plant in
relation to light, life and good. Persons who have grown Aloe
and consider it an old friend will perhaps be a little surprised at
the uses and symbolism of the plant suggested in this article!

Actually, we feel that all living green plants represent good!
For, after all, don't they provide us the oxygen which our bodies
need? Indeed, photosynthesis is the one great process which
reverses the loss of oxygen in the air from all forms of
oxidation -fire, volcanic eruption, rust, decay, and respiration
of living organisms. Although we require oxygen, we have no
external source of it to supply our earthly system. To make
matters worse, all of man's normal activities use oxygen. As we
live and breathe we use oxygen. If we build a fire for warmth,
we use oxygen. If we cook our food, we use oxygen. Even the
rust and corrosion on our metal utensils takes precious
oxygen from the air. And as our garbage and wastes decompose,
they too consume oxygen from the air!

Although no new oxygen is added to the earth, energy from
the heavens, in the form of light, does come to earth to drive
the machinery of the green plant to combine two of the most
abundant and simplest substances on earth (air and water) to
form sugar and oxygen through photosynthesis to satisfy our
needs! And when air and water are used as raw materials, the
green plant uses only the rusted carbon waste (CO2) in the air
in the photosynthetic process!

We daresay that a human being could not think of a more
favorable process than photosynthesis if that person could
think for a thousand years! Not only does photosynthesis
provide us our critical oxygen, but, as we well know, also the
sugars which are the building blocks for all the organic mole-
cules on which we depend for food, fiber, shelter, medicine -
indeed all of our earthly goods.

With this issue of Desert Plants we suggest that the Aton
symbol devised by Pharaoh Akhenaton in ancient Egypt, a sun
with sunrays ending in hands touching the earth, was actually
a symbol for photosynthesis, acknowledging the active manner
in which good from the heavens breathes life on the earth! We
believe that Akhenaton is misjudged when it is said that he
worshipped the god of the sun. Actually, the Aloe article in
this issue of Desert Plants paints him as a true monotheist in
the sense of Moses. (This is not meant in any way to detract
from the importance of Moses.) Although Egyptologists hay; e
indeed believed that Akhenaton was the Priest of the Sun God
Re at Heliopolis before becoming Pharaoh, by the fifth year of
his reign, he was obliterating even the mention of Re on
monuments in favor of Aton! What could have caused the
Priest of Re at Heliopolis to have eventually rejected even Re
in order to espouse the concept of one true God who fed the
earth through photosynthesis? Although we do not really
know, there is some interesting circumstantial evidence.
There is one very ancient document which shows that another
famous person had a connection with Heliopolis before the
rise of Akhenaton to power: in Genesis 50:7 -9, we learn that
Jacob's son Joseph, who had the coat of many colors and was
sold into slavery in Egypt, married an Egyptian girl, Asenath,
daughter of the Priest of Re, the Sun God at Helipolis! To learn
more about ancient beliefs in light, life and good, read the
article on Aloe vera in this issue. -E S. Crosswhite
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The pig -like Javelina of the American Southwest can fre-
quently be seen in the desert eating cacti, spines and all. The
coarse bristle -like hairs of this wild "pig" come erect when the
animal is excited, making it seem like a diminutive version of
the European razorback hog (= wild boar). The European boar,
and the barnyard pig which was domesticated from it, belong to
the Old -World Swine Family (Suidae). The Javelina belongs to
the related New -World Peccary Family ( Tayassuidae).

An ability to cope with high levels of dietary tannic acid
appears to be a basic feature of both families. This has allowed
the creatures to eat oak leaves and acorns which other animals
might find unpalatable, deleterious, and even poisonous.
Apparently a tolerance for dietary oxalic acid has been devel-
oped in at least a branch of one of the families, as well. Specifi-
cally, a kidney modification allows the Javelina to excrete
oxalic acid. This is the physiological mechanism which allows
the Javelina to subsist on cacti.

The literature which has developed on this animal is found
not only under Javelina but under the alternate name Collared
Peccary. The scientific name has been variously listed as
Dicotyles tajacu, Tayassu tajacu, and Pecari angulatus.
Although various studies have shown the species to have a
rather broad diet, all investigators seem to comment on the
prominence of cacti in the diet.

Although Javelina seem to relish any type of cactus (see
photo), they eat large quantities of Prickly Pear (the flat -
stemmed species of Opuntia) because of their abundance,
slightly less rigid spines, and favorable percentage of succulent
to woody tissue. The White -Lipped Peccary (Tayassu pecari),
which is the only other living species in the family, lives from
southern Mexico to Paraguay and is not at all dependent on
cacti for food. Spread of the Family Tayassuidae from moist
jungles of south central Mexico into the northern deserts was
probably possible only because of the presence of Prickly Pears
in those deserts. The succulent pads and fruits of Prickly Pears
provide not only food for the Javelina but a significant portion
of their water as well. Since the animals run in herds, they
could quickly use up all of the free water at a typical desert
water hole, except that they often will have already satisfied a
significant part of their thirst by eating succulent cacti.

Geographic subspecies patterns indicate separate northerly
migrations into the Sonoran Desert and Chihuahuan Desert
from the center of diversity of the genus in south central
Mexico. This clearly occurred after Baja California had rifted
from the mainland of Mexico. Since the Peccary Family
( Tayassuidae) is essentially tropical, it is not surprising that
the Javelina is warmth -loving. Although the animals may feed
on acorns and other food of the Chaparral to range up to 6,000
feet elevation in Arizona in the summer, they descend in
winter to the lower elevations of the desert where they thrive
on winter warmth and a diet high in cacti.

Could the Javelina be a rather recent immigrant into the
southwestern United States? The fact that the Arizona and
Texas populations have not come together in central New
Mexico (despite favorable habitat) is quite intriguing! The
Arizona subspecies clearly ranges through Opuntia habitat
from Sonora northward into Arizona, and does extend into
western New Mexico. Likewise, the Texas subspecies ranges
through Opuntia habitat from Tamaulipas and Chihuahua
northward into Texas and does extend into eastern New
Mexico. To the biogeographer these suggest rather youthful
distribution patterns.
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On Christmas Day, 1975, the Crosswhite family woke to
find a large number of javelinas in the yard of their
residence. The animals, both large and small, were very
actively eating the various kinds of cacti which were being
propagated and grown in nursery containers. They also
turned plants over to look for grubs and roots.

In an attempt to analyze the recentness of Javelina immigra-
tion into Arizona, Crosswhite and Crosswhite (1982) searched
the literature for archaeologic and ethnologic evidence for its
presence in various time periods in Arizona. This type of
analysis was thought to be particularly appropriate because of
the species indisputably being a food resource for humans.
Although ample ethnographic evidence for use of Javelina
meat in Arizona in historic time by Indian and Anglo alike was
found, no reports on excavations of ancient sites revealed
Javelina bones. Although Javelina seems not to have been used
for food by the ancient Hohokam Indians at Snaketown (cf.
data in Greene and Matthews, 1976), the meat was indeed used
as food by the Pima Indians in the same region over 800 years
later (Russell, 1908).

Could the better part of a millenium have provided enough
time for the Javelina to have moved northward into Arizona? To
answer this question we need to look at the significance of
cacti in the diet of the Javelina. Very few animals are capable of
subsisting on cacti because of the poisonous nature of oxalic
acid commonly found in plants of this family. Indeed, the high

level of oxalic acid in cacti is recognized by plant scientists as
an adaptation in these species against being eaten! A pre-
viously overlooked significance of the oxalate- excreting
kidney of the Javelina is that once utilization of cacti by the
animal became efficient, the creature might have dispersed
through Opuntia habitat with incredible speed, fully exploit-
ing a food resource which was deleterious to normal animals
and hence very abundant.

Interactions of Javelina with Opuntia need further research.
Since higher portions of taller -growing Prickly Pears escape
being used for food by Javelina, it is perhaps not a mere coinci-
dence that where Javelina are numerous there is sometimes an
abundance of tree -like Prickly Pears with prominent trunks.
Pads which hang down on such arborescent plants within
reach of the Javelina are the new year's growth and very suc-
culent. These are the ones which are eaten. In such regions,
Javelina and Opuntia are in stable equilibrium. Often nitro-
genous wastes from the Javelina effectively fertilize the
Opuntia and a mutually beneficial relationship exists. Such a

(continued on page 8)
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Abstract
The difficulty of establishing tree plantations in arid regions,

particularly on sandy and droughty soils, is a widely faced
problem. Insufficient water is freely available in such regions
for effective watering of tree plantations with conventional
methods. Under such conditions, discarded plastic infusion
sets from a hospital were tried for watering and establishing
Anjan (Hardwickia binata). This allowed use of a limited
quantity of water, in a regulated way as in the drip system, and
watering directly in the sub -soil to reduce evaporation loss.
Either one litre or half a litre of water was applied per plant this
way every alternate day for the whole year, with total consump-
tion of 173 litres and 91 litres of water respectively per plant in
the entire year. Growth of these plants was compared with
growth of ones subjected to conventional watering with 9 litres
applied fortnightly to make 216 litres of water per plant for the
period of the experiment. Plant growth even with a half litre
treatment on alternate days was far superior to that with
conventional watering.

Introduction
The need for afforestation in the arid region of India has long

been recognized (Kaul, 1963. To give a general demonstration
of tree plantation and its beneficial effects on surroundings,
programmes of avenue plantation were taken up at various
sites in this desert region. Lately the need and importance of
agro- forestry is being emphasized (Shankaranarayan,1981 ) and
social forestry is being popularized as well. Aside from distri-
buting a large number of plant saplings of various species to
villagers in this region, the forest department is also giving
varying rewards in cash for after -care, particularly after check-
ing the survival of each plant distributed, for the first, second
and third year respectively.

Although a large number of plant saplings are distributed
and planted every year at the beginning of the monsoon (July),
establishment and survival of such plants for the first year is
relatively too low. Factors responsible for failure are the low
and erratic rainfall, high evaporation, coarse and droughty
nature of soils, and paucity of water for irrigating in this region.
After establishment in the first year, the second and third
years are, however, not so hazardous to many deep- rooted
species, as such plants become well established and send their
roots to greater depths to draw the moisture. Thus, the problem
of establishment is severe for the first year.

The present preliminary study was provoked primarily by
the need to mitigate the above mentioned severe conditions
and to establish a plantation having good growth the first year.
This was accomplished by adoption of a new, simple and inex-
pensive technology using very little water for irrigating plants
in this arid region. The technique presented here involves the
use of discarded plastic infusion sets from a hospital to apply a
small amount of water, to regulate watering, and also to reduce
evaporation loss by watering directly in the sub -soil.

Materials and Methods
Saplings of Anjan (Hardwickia binata) were raised in the

nursery. Sixty six saplings of even growth were planted on the
Research Farm of the Central Arid Zone Research Institute at
Jodhpur on 26 July, 1982 in a field measuring 30 m x 55 m.
Plant to plant as well as row to row distance was 5 m. Out of
these 66 plants, the central 36 were taken up for the present
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Figure 1. Sub -surface watering of Hardwickia binata plant
sapling with a plastic infusion set.

Table 1. Monthly means of daily maximum and minimum
temperatures, relative humidity (RH), class A pan evaporation
(E pan) and wind velocity during summer, 1983.

Month
Temperature °C RH

%
E pan wind velo-

mm /day city (Km /h)Max. Min.

March 31.3 17.0 23 9.1 8.3
April 34.6 20.8 40 10.2 8.5
May 40.1 26.2 40 12.7 8.4
June 40.9 28.2 45 12.4 9.6

study, leaving the remaining 30 all around as border plants.
The central 36 were in three blocks, each one having 12 plants,
3 rows of 4 plants in each block. The plants in these three
blocks were given three different treatments of watering
individually. They were: 1) one litre sub -surface watering per
plant on every alternate day in the first block, 2) half a litre
sub -surface watering per plant on every alternate day in the
second block, and 3) 9 litres surface (flood) watering per plant
fortnightly. This third treatment of plant watering is conven-
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tional and is generally followed presently by the forest depart-
ment in this region.

For applying the first two levels of watering, the hospital -
discarded plastic infusion sets /drips with a capacity of one
litre and also half litre were used almost similar to the way
reported by Kolarkar et al (1983). To effect the sub -surface
watering, first a hard plastic tube was inserted obliquely in the
soil, roughly at a 45° angle to the plant, at a suitable distance
from it, reaching a depth at its lower end of 15 cm below the
collar of the plant. A pole (about 1 m high) was fixed near the
plant, on which a plastic infusion set, either one litre or half
litre capacity, depending on level of watering, was suspended
with the emitter placed properly inside the buried plastic tube.
Requisite quantities of water as per levels of watering were
poured into the bags in the morning hours of every alternate
day. Flow of water of about 33 ml /min was regulated through
each emitter in the buried plastic tubes. This was very
effective in sub -soil watering. Clogging, if any, in any part of
the system could easily be removed by squeezing or lifting the
emitter tube from the ground. Figure 1 illustrates the whole
system and the arrangement adopted in the field.

At the time of initial planting, a 9 litre watering was given to
all plants. Subsequent waterings were given as per above
treatments. If any rains were received on a scheduled watering
day then the watering was done only on the next day or the
third day depending on amount of rainfall and soil moisture
conditions. After completion of nearly one year, the first good
shower of the 1983 monsoon was received on 5 July, 1983 (20.5
mm) and so the subsequent waterings were stopped. Total
number of watering from 26 July, 1982 to 5 July, 1983 given
under various treatments were: 1) 164 one litre waterings, 2)
164 half litre waterings, and 3) 23 nine litre waterings.
Observations on plant growth were made on parameters of
height, collar diameter and number of branches during the
year and finally in August, 1983.

Environment
The soil was loamy sand with sand, silt and clay contents of

85.2, 4.8 and 9.9 percent respectively. Soil had a pH of 7.5, an
electrical conductivity of 90 micro mhos /cm, a field capacity
of 10 percent (w /w), a permanent wilting percentage of 3.5
percent (w /w), a bulk density of 1.59 /cc and an infiltration rate
of 7.5 cm/h. The region is well known for its aridity, with an
annual precipitation of 360 mm and potential evapotranspira-
tion of 2063 mm (Krishnan, 1977). The major portion of annual
rainfall is received during the monsoon (July to October),
during which time adequate soil moisture is often available.
Soil moisture scarcity is felt by plants generally during the rest
of the eight months, but more severely during the summer
(March to June). Climatic parameters during these four
months of 1983, covering the experimental period, are given in
Table 1.

Results and Discussion
Figure 2 (parts a and b) illustrates the general moisture

distribution in the soil profile after 24 hours of sub -surface
watering of half litre of water, observed 1 February, 1983 and
12 May, 1983. These are indicative of the general moisture
status during winter and summer respectively. As background
information, Table 2 indicates the soil temperatures depthwise
on these two dates. The air temperatures and pan evaporation
on these two days are noted here: 1) 1 February, 1983. maxi-
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mum = 21.4 °C. minimum = 5.8 °C. pan evaporation = 4.5 mm;
2) 12 May, 1983. maximum = 35.9°C. minimum = 26.1°C. pan
evaporation = 9.7 mm

During winter the soil moisture which was 10 percent
immediately after watering, at the depth of 15 cm and near the
emitter point, gradually spread horizontally as well as verti-
cally during a 24 hour period. It decreased laterally to 6 to 7
percent (2.6 to 1.4 bars) depthwise at the distance of 15 cm
from the emitter, 2.5 to 6.5 percent (>15 to 2 bars) depthwise at
the distance of 30 cm and 1.5 to 5 percent (> 15 to 5 bars)
depthwise at the distance of 45 cm. Considering 3.5 percent (15
bars) as wilting point, a good amount of moisture seems to be
available in the soil up to a depth of 100 cm, particularly in a
vertical column with a radius of 15 cm around the plant or the
emitter. Water also appears to be fairly available at 15 to 30 cm
of horizontal distance from the same point, particularly in the
lower zone, below 30 cm being in the range of 4 to 6 percent (12
to 3 bars ). Even at the distance of 45 cm and below 60 cm depth,
4 to 5 percent (12 to 5 bars) moisture is well within available
range. Thus, with watering of half a litre with this method,
enough soil moisture seems to be available in the plant root
zone even after 24 hours and up to 45 cm distance, particularly
in deeper layers.

During the summer period the picture is somewhat differ-
ent. Even with such high prevailing soil temperature and
evaporation, soil moisture seems to be present in an available
range of 3.5 to 5 percent (15 to 5 bars), particularly in the
column of 15 cm radius around the emitter or plant in the soil
in a depth range of 20 to 90 cm. There is no moisture in an
available range beyond a distance of 15 cm from the emitter
and below the 80 to 90 cm depth. Similarly, within the vertical
column of 15 cm radius, relatively more soil moisture is avail-
able within the depth range of 40 to 60 cm, being generally
more than 4.5 percent at less than 7 bars). The next watering
was due the next day on 13 May, 1983. Amounts of moisture
equal to those measured have proven to be sufficient for such a
period to pass without causing any damage to any plant. There
was, therefore, no mortality during the summer period.

Soil moisture status was obviously still higher and favour-
able to plants in the block having the one litre watering
treatment. Obviously no mortality or sign of withering was
observed in this treatment too. In the block having a conven-
tional watering treatment of nine litres fortnightly, two plants
withered away due to high moisture stress during the period
intervening between two waterings in summer, amounting to
16.6 percent mortality.

This new method of sub -surface watering also brought
about significant differences in the growth parameters of the
plants (e.g. height, collar diameter, and number of branches)
over the conventional method of watering, as observed after
completing one year from time of planting (Table 3).

The data indicate significantly more and better plant
growth with one litre and half litre sub -surface watering over
conventional fortnightly surface watering of 9 litres. Because
of the exceptional plant growth, it appears fairly certain that
there will not be any need to water the sub -surface watered
plants during the second and third years as is normally done in
the conventional watering method. Besides obtaining 100
percent survival and better plant growth, by adopting this
method of sub -surface watering, significant water saving has
also been effected as shown by the data, e.g. 43 and 125 litres of
water saving per plant by applying one litre and half litre water
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Figure 2. Distribution of moisture in soil profile, below 15
cm depth, at different distances from plant (emitter), 24
hours after a half litre sub -surface watering. 2a: during
winter. 2b: during summer.

Table 2. Soil temperatures depthwise on 1 February, 1983 and
12 May, 1983 in °C.

1 February, 1983 12 May, 1983

Depth
(cm)

0730 hrs. 1430 hrs.
(7:30 am) (2:30 pm)

Depth
(cm)

0730 hrs. 1430 hrs.
(7:30 am) (2:30 pm)

Surface 3.6 20.5 Surface 32.0 60.0
5 5.5 38.6 5 30.2 56.0

15 14.5 22.9 15 33.0 43.2
30 20.5 20.2 30 36.0 36.2
60 22.8 22.4 60 35.7 35.3
90 24.6 24.5 90 33.4 33.4

Table 3. Water use, average height, collar diameter and
number of branches per plant of one year old Hardwickia binata
under different watering treatments.

Collar No. of Total water
Height diameter branches applied

Treatment of plant of plant per during one
(cm) plant year (litres)

One litre sub-
surface watering per
plant (alternate day) 131.0 1.47 4.83 173*
Half litre sub-
surface watering per
plant (alternate day) 133.4 1.39 5.58 91*
Nine litres surface
watering per plant
(fortnightly) 55.5 0.53 3.42 216

S.E.M.± 12.26 0.025 0.526
L S D (5%) 33.98 0.069 1.457

*including a 9 litre watering at time of planting.
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respectively. This is very important in arid regions because of
the general scarcity of water. Further, looking to the practically
similar growth of the plants with one litre watering and half
litre watering, the latter seems most reasonable to adopt for
dual advantages of achieving better plant growth on one hand
and saving a significant amount of water on the other. Thus,
this inexpensive technique of water application in tree planta-
tion can very profitably by used in social forestry as well as in
recreation forestry, agro- forestry and fruit orchards on small
farms in the arid zone of India.

It appears fairly certain that ground waters of substandard
quality, which are of common occurrence in arid regions,
could also be used in this system, but experimental data on
this aspect with various plant species have yet to be obtained.
It is also obvious that the number of bags used, plant distance,
scheduling of water, etc., have to be appropriately adjusted
depending on the plant species, soil and other local conditions.

Summer 1984

Nevertheless, this inexpensive technology of thrifty watering
for tree plantation appears to have immense promise for
adoption in other similar arid regions of the world.
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Cacti in the Diet
of the Javelina
(continued from page 4)

stable situation has historically been most common in the
southern part of the range of the Javelina. It is tempting to
think that it is becoming more common in the north, but this
needs confirmation by further research. Javelinas seem to be
detrimental to the many species of non -arborescent Prickly
Pears which they have exploited in the north, although they do
indeed spread the seeds.

For the present state of knowledge on the Javelina we are
indebted to the classic studies of Knipe ( 1957), Sowls ( 1958),
Neal ( 1959), and Eddy ( 1961). Low ( 1970) studied the influence
of aridity on Javelina reproduction in Texas. Zervanos and
Hadley ( 1973) reported on energy relationships and adapta-
tional biology. Bigler (1974) published concerning activity
patterns and seasonal movement. Energy requirements and
water use of captive and free -living Javelinas were compared
by Zervanos and Day (1977).

According to Borell and Bryant (1942), Javelinas were killed
without restriction in Texas by professional hide hunters and
others until 1936. They fared little better elsewhere until
modern laws were enacted. The Texas subspecies is said to
have ranged as far north as Arkansas where it was extirpated by
persons using it for meat and a cheap source of pigskin
(Whitaker, 1980). Such habitat was probably marginal at best
for a species with tropical affinities and a propensity for eating
cacti. In portions of Arizona, New Mexico and Texas where
flat- stemmed Opuntia are common, the populations of Javelina
are stable (Findley et al., 1975; Arizona Game and Fish
Department, 1979).
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Water Conservation
Strategies for the
Urban Arid Landscape

Jon Rodiek
Texas Tech University
Lubbock, Texas

Introduction
The arid southwestern United States is in the midst of a

decade of renewed urbanization. This modem shift of emphasis
in human migration and activities is explained on the basis of
economic and socially related values. These urban centers
differ from earlier settlements in several ways. Today's urban
centers contain economic institutions and functions that are a
vital part of a national economic network. The populations
residing within these centers are diverse in terms of occupa-
tion, social values and place of origin. People living here,
therefore, do not have a similar social or economic orientation.
Most importantly, these urban centers have very little material
dependence upon their immediate region. The energy power-
ing our cities, the raw materials supplying our industries and
much of the food feeding our people may originate from areas
outside the region. It is reasonable to conclude that, despite
their positive attributes, our cities are neither by design nor
function subservient to the ecological processes of our sur-
rounding environment.

The issues that emerge when we wish to plan the use of the
southwest's environment are therefore confused by the ab-
sence of a clear -cut relationship between these urban centers
and their immediate surroundings. One can also detect this
confusion in our failure to construct in the landscape an
acceptable image of what our man -made environment should
be and how to relate to it. When we speak of a relationship
between the contemporary metropolitan southwest city and
its region, we often talk around its exploitive character. Urban
sprawl, pollution and ruined hydrology are problems viewed
more as opportunity costs derived by the economic activities
that make up what we do talk about ... progress. These costs
degrade that progress and the cost is high in both the long and
the short run. If we are to prevent this pattern of civilized
progress from being self- destructive, we must begin to improve
upon our policy of resource use.

What real opportunities are there for improving our use of
resources in a manner that is responsive to the self- renewing
capabilities of our southwest environment? We cannot realize
a material or commodity relationship with our region in terms
of energy or food needs under our present system of supply and
demand. We can, however, strive to create a balanced system
between the urban environment and its region of supply with
respect to the use of water on the living landscape. No other
resource use so dramatically influences the physical character,
environmental quality or economic value of our arid lands.

The concept of improving our policy of water use applied to
the landscape is not as naive as one might suspect. Water
applied to the landscape for amenity and service values is an
expression of individual choice and responsibility of what lies
before us and within us. It is a composition of elements of
function and use combined with the social values that
transcend them.

The ability of the individual urban dweller to contribute to
the shaping of our landscape and our society is related to our
traditions of individual freedom and private property. When
landowners make their behavior comply with any system, be it
ecological or economic, they are demonstrating a value. This
modifying behavior can have a tremendous influence on the
social and political processes that regulate the development of
the environment.
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Figure 1. Planting plan evaluation.

Water Supply and Water Uses
The idea of planning for the controlled use of water in terms

of balancing regional resources of supply and regional areas of
demand is now underway in Arizona. The strategy of reorder-
ing our individual use of water in the landscape based on
amenity and service values is directly related to this planning
effort. There are presently two sources of water supply in
Arizona. Forty percent of the total use comes from surface
water supplies. The remaining sixty percent used is developed
from groundwater supplies. Groundwater is the major source
and, in some cases, the only source of supply. This is true for
the metropolitan Tucson area.

Arizonans are withdrawing this primary source of supply at
an average of three to four times the natural renewable rate. In
1980, the state passed the Groundwater Management Act in an
effort to reverse this trend. Its purpose is to create a mechanism
within government that can provide for the wise development,
utilization and conservation of groundwater in the state. The
law has designated four area management districts. The
metropolitan Tucson area is one of those districts.

Water in the Tucson area is used by four major groups.
Agricultural uses constitute 57% of the total. Industrial uses
make up 30% of the total. Municipal and recreational uses
account for the remaining 13 %. Estimates for municipal water
use applied to the outdoor landscape are at 7 %. This percent
and volume of water use is small in comparison to other uses.
It is significant in terms of numbers of users as compared to all

other categories. This group represents the largest voting
block, the largest number of landowners and the largest special
interest group. It is therefore reasonable to promote the issue
of water conservation to this group for obvious social and
political reasons. In fact, the process has already begun.
Tucson's per capita rate of water use has fallen from 205 gallons
per day in 1973 to the current 166 gallons a day. It is hoped that
this rate can be reduced to 110 gallons per day in the future.

A recent study conducted by the Arizona Department of
Water Resources has shown that a water efficient landscape
can reduce the cost and volume of water use by up to 50 per-
cent. The potential for further gains in water conservation for
all users is real. If we are to attain the goal of reduced consump-
tion, we must understand the particular role water plays in our
environment and how to use it more effectively and efficiently.
For the residential urban landscape, water is needed to fulfill a
basic human value concerning growing plants.

The Strategy
Ecology is said to be the mother of economics. Anything

said about our urban -region relationships in the ecological
sense is essentially true in an economic sense. Because we are
preoccupied with economics rather than ecology, we tend to
view the problems of our urban society as mainly economic
problems and seek solutions to those problems through
economic means. This pattern of response can be used to our
advantage with respect to water use in the landscape.
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Water laws and regulations will have the effect of creating a
more realistic price for water use. This will cause the per unit
price of water to rise. The homeowners will, in all probability,
reassess their individual uses of water and seek to reduce
consumption in order to lower costs. The landscape uses will
be the first place where cutbacks are likely to take place.

This individual response is very likely to spread to the land
developer, the contractor and the banker. Cutbacks in outdoor
water applied to plants does not mean we must sacrifice
amenity values in the process. Quite to the contrary. The
residential landscape can still maintain a planted environment
for its inhabitants. However, the types of plants, their arrange-
ment and their densities must be redesigned so as to respect
the arid condition.

Assessing the Planting Plan
It is possible to redesign the private residential landscape so

as to reduce water volumes applied to the yard. It is also
possible to make more efficient use of the water that is applied
to the landscape. There are three steps involved in accomplish-
ing these goals. First, an assessment must be made of the yard
to identify those plants and plant zones that are successful and
desirable to the homeowner. Second, it is necessary to identify
planted areas in the landscape in need of change or improve-
ment. Most importantly, the homeowner must become aware
of good and bad watering practices and treatments that can be
employed to improve water availability to plants.

An assessment can be accomplished by conducting a simple
qualitative evaluation of the landscape. The site's plants and
planting areas are composed of trees, shrubs, ground covers
and lawn areas. Each plant or planted area should be judged on
three issues. The design valuation requires the homeowner to
rank the plant's ornamental and locational value. The perform-
ance valuation requires the homeowner to rank the plant's
growth performance. The rankings are either "desired," "accept-
able" or "not acceptable." The latter two rankings indicate
potential substitution or removal of the plant (Figure 1).

The water rating valuation is designed to make the home-
owner aware of the frequency and duration of waterings that
plants receive. Ratings are qualitatively ranked as "high,"
"moderate" or "light." This qualitative judgement will begin to
make the homeowner aware of the watering -performance
relationship of each plant and plant area on the site.

The planted landscape must then be analyzed in terms of its
actual water usage. The goal is to develop a water budget. This
water budget can be used to measure the changes in water use
resulting from a revised planting plan. The City of Tucson's
Water Department estimates a ratio of sixty percent indoor to
forty percent outdoor water used by a private residential
dwelling. This usage is broken down further for an average
family of four (Table 1). These estimates are averaged and
generalized, but they do give some indication of general water
usage. An actual residence (residence x) is included in Table 1
for comparison.

During the month of July, the average family used 55.3% of
its water on indoor needs and 44.7% on landscape needs. An
average of 6120 gallons per month (or 31.6% of the total) is
estimated to be used on lawn areas by the average family. An
average of 2550 gallons per month (or 13.1% of the total) is
estimated to be used on trees and other plants. By comparison,
residence x (an actual residence) used 51.2% of its water

Table 1. General water use estimates for the private residence
for the month of July.

General
Use City

Wide

Average
Family of

Four
Indoor
(Domestic)

Outdoor
(Yard)

60% 55.3%
10,723 gallons

40% 44.7%
8670 gallons

Residence x
Family of

Three
51.2%

9574 gallons

48.8%
9120 gallons

Lawn- Groundcover-
6120 gallons 3000 gallons

Trees & Shrubs- Trees & Shrubs-
2550 gallons

8670 gallons

19,393 gallons
or

25.9 Ccf

6120 gallons

9120 gallons

18,694 gallons
or

24.9 Ccf

1 Ccf = 748 gallons

Table 2. A typical water regime.
Average Ccf 10
Month D J
Water Use in Ccf 10 10

6.7
F M A
4 8 8

29.3
M J J AS O
29 28 25 34 39 21

14.5
N D 245
19 10 Ccf

Water Regime 1. 2. 3. 1.

Regime 1. Low to moderate watering -10 Ccf monthly
average
Select for Winter annuals

Native trees and shrubs
Lawn

Regime 2. Little to no watering -6.7 Ccf monthly average
Select for Early spring annuals

Native trees and shrubs
Lawn

Regime 3. High watering -29.3 Ccf monthly average
Select for Native trees and shrubs

Drought tolerant ground covers

indoors and 48.8% outdoors. Using city wide averages, resi-
dence x applied 3000 gallons (or 16% of the total) on arid
tolerant ground covers and 6120 gallons (or 32.7% of the total)
on arid tolerant trees and shrubs. The major difference between
the hypothetical residence and the actual residence is the
water used on lawn versus arid tolerant ground covers. Resi-
dence x maintains its lawn area entirely by runoff precipita-
tion. Absolute differences in water volumes applied to each
yard differed by only 1 Ccf, or 748 gallons of water.

This comparison is statistical in character. Actual differ-
ences between two real residential landscapes would include
evaluations of water volumes, visual appearances, plant com-
position, maintenance costs and microclimate differences
around the yard. The purpose of this comparison is to relate
the environmental character of a landscape to its actual water
budget. Once this relationship is understood, it is then possible
to identify where improvements can actually be made that are
acceptable to the homeowner.
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Figure 2. A strategy of plant use.

Developing a Rational Watering Regime
Residence x used a total of 245 Ccf of water during the

1979 -1980 year. The monthly breakdown is presented in Table
2. This usage pattern reflects a watering schedule that is
responsive to temperature changes and evapotranspiration
changes over the course of the year. The usage also reflects
estimated plant needs for water as determined by the home-
owner of residence x. This pattern of watering is typical of
general public use patterns.

The months of May through October are most severe in
terms of temperature and water stress on plants. Watering is
likely to be high during this period. The months of November
through January are a low watering period. Relative humidity
is generally low, but water needs can be significant for select
plant types since the growing season doesn't completely shut
down in the southwest. The months of February through April
can be a low watering period as well. Plant growth is
rejuvenated and water availability is relatively high in upper
soil layers.

These watering patterns suggest a strategy of plant use
related to climate and environmental stress periods Figure 2).
During the months of February, March and April, plant early
spring annuals and water native trees and shrubs and small

lawn areas. During the months of May through October, select
for shade trees and drought tolerant shrubs and ground covers.
Maintain as little lawn as possible during this period. If a lawn
is desired, develop water harvesting techniques to supply
these areas. During the months of November through January,
select for winter annuals and perennials for ornamental
benefits. Maintain the vigor of native trees, shrubs and ground
covers until dormancy sets in.

Supportive Techniques
Water conservation strategies begin with the substitution of

drought tolerant plants for water loving plants. This action
shifts the ratio of drought tolerant to water loving plants in
favor of the former group. A second step in the conservation
process is to water selectively for specific plant groups at times
when watering does them the most good. This technique shifts
the homeowner's attention to plant values and plant perfor-
mance when environmental stresses are less severe. A third
step is to add supportive techniques to the watering regime to
increase plant utilization efficiency.

Water demands by plants are not precisely known. What is
known is the effective root zone of the various plant forms.
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GROUND COVER

Figure 3. Relationship of watering interval to soil depth.

From this knowledge, it is possible to design a schedule of
timed waterings that respect plant demands for water (Figure
3). These waterings can be made more efficient by adding the
proper combinations of irrigation systems and mulching.

Irrigation systems vary quite significantly in terms of their
capacity to deliver water to the plant. Flood irrigation is
between 30 to 60 percent efficient. Sprinkler irrigation is
estimated at 70 to 80 percent efficient. In contrast, drip irriga-
tion has an 80 to 95 percent efficiency rating. The fundamental
reason for these ratings is related to the factors that control
evaporation. In the arid climate all or nearly all water gained
through precipitation will be lost through the process of
evaporation. The homeowner's response is to increase water
volumes to compensate for this loss. More watering simply
increases water losses since evaporation in the arid landscape
is a continuous process.

An alternative is to develop mulch treatments and plant
layering designs. Mulching protects the upper root zones from
solar radiation and evaporation losses. A layer of five to six
inches of inorganic material is suggested for good results. Plant
layering used in combination with mulching is very successful
in reducing the microclimatic temperatures above the ground
that surrounds the planted areas.

Conclusions
This discussion began with the idea that civilizing progress

in the southwest has generated opportunities and costs to
ourselves and our environment. It was also stated that we
must begin to restructure our policies towards those resource
uses that sustain us if we are to prevent our own demise in this
arid environment. Genuine opportunities for doing just that
seem filled with pitfalls. The focus on water use as a target for
this effort was reasoned to be meaningful because of the self -
contained supply and demand characteristics of water
resources in the southwest. It was also reasoned that water use
in the arid region is an issue that touches every individual
every day of their lives.

The concept of improving our policy of water use applied
to the landscape and its connection to an improved man -
environment relationship is contained within the individual
landowner. Landowners exercise an enormous influence over
society when they modify their land. The influence is realized
in the altered landscape and in the human outlook towards
life resulting from that action. The quality of the future
environment, therefore, depends upon the shaping of atti-
tudes and values of the landowner as well as the landscapes
they manipulate.
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Introduction
The riparian plant communities of the arid and semiarid

Southwest have received much recent attention. Basic theoret-
ical problems such as the relationship between the site distri-
butions of riparian plants, the physical dynamics of the
floodplain, ecological succession and a definition of the
riparian plant community that makes ecological sense are
now widely discussed matters. Public concerns over the
management of riparian habitats have stimulated a great deal
of attention by federal and state agencies. The National Wet-
lands Classification (Cowardin et al. 1979) and Inventory of
the U.S. Fish and Wildlife Service in particular has made the
need for a more rigorous treatment of the biology of South-
western riparian plant communities even more apparent.

Here I report on the relationship between the distributions
of plants in the floodplain and a set of physical site factors. It is
clear that the plant -floodplain relationship does indeed have
an important evolutionary basis, and that its understanding
contributes to useful perspectives on the nature of riparian
plant communities. Pertinent field data on the riparian
woodland vegetation of Trout Creek, Mohave County, Arizona
are provided in Reichenbacher (1980, 1981). Trout Creek is a 50
km perennial stream along which six study sites were located
between 829 and 1044 m elevation, within the Fremont
Cottonwood (Populus fremontii)- Goodding Willow (Salix
nigra) association that dominates lower Trout Creek (Fig. 1).
The Trout Creek data, obtained during 1975 -1980, illustrate
well the concepts discussed here.

Dynamics of the Stream
Riparian plants respond by species, site, and abundance to

two critical features of their drainageway habitat: (1 ) an
unstable substratum with (2) a greater plant -available soil
moisture than in surrounding uplands.

Wolman and Leopold (1957) first demonstrated that sedi-
ment age in floodplains increases with elevation above low
water. Everitt (1968 ) supported this with a unique method that
related the reproductive biology of Plains Cottonwood ( Populus
sargenti) to channel migration and sediment deposition (Fig.
2). Migration of the stream in its floodplain means a steep
gradient in substratum instability. On concave banks, estab-
lished vegetation is gradually undercut by the stream's erosive
forces, and on convex banks sediment is deposited (Gill 1972,
Johnson et al. 1976, Irvine and West 1979 and White 1979).

A major difference in site factors influencing vegetation
between humid or sub -humid and arid floodplains is that
plant -available soil moisture decreases more dramatically
with increasing distance from the streambank in the latter
than in the former (Figs. 3 and 4/. Consequently, terraces above
stream -level and within the floodplain in arid regions can be
nearly as harsh as the surrounding uplands (Meinzer, 1927;
Gary, 1965; Davis, 1974).

Along "losing" streams, floodplain terraces are so high above
the dome -shaped water table that plants are unable to utilize
that moisture (Ellingson, 1979; Fig. 5). In the Southwest terraces
above flat or even slightly elevated water tables (i.e., "gaining"
streams( are still arid, particularly when compared to similar
situations in humid or sub -humid regions.
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Figure 1. Deciduous riparian woodland of Fremont Cotton-
wood and Goodding Willow along lower Trout Creek,
Mohave County, Arizona.

Reproductive Adaptations
Riparian plants have specialized along particular segments

of the substratum stability and soil moisture gradients. Lowe
(1961, 1964) recognized this when he defined a Populus -Salix
association along the channel and streambank, and a Prosopis-
Acacia association on upper floodplain terraces (Fig. 4).

Populus-Salix Association- Cottonwoods and willows have
long been known as aggressive colonizers of disturbed sites in a
wide variety of ecological situations. These include high eleva-
tion fell fields (Clausen, 1965), glacial outwash (Crocker and
Major, 1955), glacial moraines (Decker, 1966), arctic tundra
(Argus, 1973), burned areas in conifer forests (Braun, 1950;
Argus, 1973) and sand dunes (Cowles, 1899; and Olson, 1958).

Table 1 summarizes the essential adaptations of the few
floodplain salices for which reliable data are available. In
general, cottonwoods and willows produce large numbers of
wind and water dispersed seeds which are viable for extremely
short periods of time.

These coupled with other physiologic, ontogenic, and mor-
phologic adaptations make salices ideally adapted to the
floodplain environment. Riparian salices germinate and suc-
cessfully establish only on the fresh wet sand and gravel
exposed nearly every year following spring snow melt at higher
elevations and latitudes, or spring rains in sub- Mogollon
Arizona (Moss, 1938; Horton et al., 1960; Hosner and Minckler,

1963; Farmer and Bonner, 1967; Everitt, 1968; Wilson, 1970;
Gill, 1972; McLeod and McPherson, 1973; Johnson et al., 1976;
Franz and Bazzaz, 1977; White, 1979; Noble, 1979). Salices are
not as highly tolerant of flooding as many swamp trees, indi-
cating that growth to maturity is possible only when lateral
migration of the stream leaves the trees well above the level of
prolonged submergence (Moss, 1938; Hosner, 1960; Hosner and
Boyce, 1962; McLeod and McPherson, 1973; Pereira and
Koslowski, 1977; White, 1979).

Figure 6 shows the distribution of Goodding Willow across
the floodplain at a Trout Creek study site. A flood approaching
the "50 year" or "100 year" magnitude had swept the canyon
five months prior to collection of line intercept data. All
individuals on the left side of the stream (north bank) were
post -flood seedlings and all those on the right side (south bank)
were flood survivors. At this site the north bank was convex
and essentially barren of vegetation while the south bank was
concave and thickly vegetated by mostly adult plants.

Seepwillow (Baccharis salicifolia) is an aggressive, weedy,
streambank species which shares many of the adaptations of
cottonwoods and willows. It produces many small seeds which
are wind dispersed and viable for a short period of time.
Germination and establishment occurs on wet sandy alluvium
as flood flows recede (Horton et al., 1960; Wilken, 1972;
Warren and Turner, 1975). Figure 7 shows the distribution of
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Table 1. Reproductive adaptations of floodplain species in Populus and Salix.

Adaptation Taxon Reference
Seed Set

25,000,000 seeds /tree /season
425,000 seeds /lb.
2,600,000 seeds /lb.
10,000,000 seeds /lb.

Seed Dispersal
Wind and water dispersed by an
arillate comae of trichomes

Seed Longevity
1 -2 weeks
1 -3 weeks
7 weeks

Populus deltoides
Populus deltoides
Salix amygdaloides
Salix exigua

Salicaceae

Populus deltoides, Salix nigra
Salix
Populus fremontii

Bessey (1904)
Schopmeyer (1974)
Schopmeyer (1974)
Schopmeyer (1974)

Argus (1973), Dorn (1976),
Warren and Turner (1975).

White (1979)
Ware and Penfound (1949), Moss (1938)
Horton et al. (1960)

Seepwillow across the floodplain at another Trout Creek study
site. Seedlings were most abundant on the convex south bank
1 -8 meters from the streambank. All the flood survivors were
concentrated on the concave north bank. The cluster at 5 -12 m
represents a small clump of Seepwillow isolated by a shift in
stream course. The data were collected in late June shortly
before the onset of summer rains; by late August only 5 -10
seedlings had survived recurrent (but minor) floods.

Prosopis- Acacia Association -Mesquites (Prosopis juli-
flora), Acacias (Acacia greggii) and other upper terrace species
have not been extensively studied as such. They are wide-
spread as dominants of upland subtropical /tropical and warm
temperate savannas. Their reproductive strategies are summar-
ized in Table 2. Mesquites produce few, well- nourished seeds
that may remain viable for many years, and are dispersed by
frugivorous mammals. They apparently co- evolved with the
now extinct Plio- Pleistocene megafauna.

The Trout Creek study sites were all located in gorges too
narrow for extensive development of a Prosopis- Acacia associa-
tion. In fact, neither Mesquite nor Catclaw were encountered
on any of the intercepts. However, there are several locations
in the canyon where the floodplain terrace vegetation is
relatively well developed. At sites such as those included in
the Trout Creek study, the floodplain, and consequently the
riparian community is laterally truncated (see Fig. 4). The
terraces and broad floodplains of larger, shallow gradient rivers
and streams are absent in most of lower Trout Creek (Zimmer-
mann 1969, Turner 1974, Lacey et al. 1975, and Turner and
Karpiscak 1980).

Evolutionary Relations
Mesquites and acacias in the North American Southwest are

derived from Neotropical floras. Their adaptations to semiarid
uplands have proved preadaptive in certain riparian situations.
Consequently upper floodplain terraces in the arid Southwest
are dominated by microphyllous short -tree associations.

The broadleaf deciduous trees characteristic of our South-
western riparian woodlands and forests include genera and
species once a part of a widespread Early Tertiary mixed meso-
phytic forest. As climates became less equable in the conti-
nental United States during Middle to Late Tertiary time, this
northern forest fragmented and even disappeared over wide
areas (Raven and Axelrod, 1974). Upper floodplain terrace

ELEVATION

(above low water)

FLOODPLAIN AGE

Figure 2. Relationship between floodplain age and elevation
at low water. It is this feature of riparian environments that
generates successional dynamics (from Wolman and Leopold,
1957 and Everitt, 1968).

species of the Midwest are derived from it and the highly
fractured distributions of obviously closely related species
groups reflect that fact (e.g. Juglans hindsii, californica, major,
microphylla, nigra; Fraxinus pennsylvanica pennsylvanica,
lanceolata, velutina). Populus -Salix associations diversified
during the Tertiary and now occupy a wide variety of regions,
all of which share the common feature of running water and a
shifting substratum. The distribution of closely related species
(e.g. Populus fremontii, deltoides, sargenti, wislizeni; Salix
nigra, virginiana, amygdaloides, gooddingii) reflects that eco-
logical diversification (Reichenbacher, 1980).

For many years ecologists referred to such riparian broadleaf
deciduous taxa in Populus, Salix, Fraxinus, Juglans, Platanus
and others as obligate riparian species. This and other terms,
including facultative riparian and pseudoriparian, have been
applied to diverse "riparian" taxa (Campbell and Green, 1968;
Brown, Lowe and Hausler, 1977; Dick -Peddie and Hubbard,
1977; and others). Recently the U.S. Fish and Wildlife Service
adopted such nomenclature in its data base on the wetlands of
the United States ( see Cowardin et al., 1979): "obligate riparian"
for "true riparian" and "facultative riparian" for "pseudoripar-
ian." Although still useful for many of the utilitarian purposes
for which they were originally intended, such classifications
are often counterproductive, and fail to recognize the role of
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Figure 3. Cross -section of an idealized floodplain in the
midwestern United States. Upper floodplain terraces are
dominated by various broadleaf tree associations while the
streambank is dominated by Cottonwood -Willow associa-
tions. On the convex bank early seres are initiated by seed-
ling establishment while mature vegetation on the concave
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Figure 4. Cross -section of an idealized floodplain in sub -
Mogollon Arizona. Upper floodplain terraces are dominated
by a microphyllous short -tree Mesquite -Catclaw association
while the streambank is dominated by a broadleaf Cotton-
wood- Willow association. On the convex bank early seres
are initiated by seedling establishment while mature vegeta-
tion on the concave bank is undercut.
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Table 2. Reproductive adaptations of floodplain species in Prosopis.

Adaptation Taxon Reference
Seed Set

19,000 seeds /tree /season
142,000 seeds /tree /season
13,400 seeds /lb.

Seed Dispersal
Frugivores

Seed Longevity
2 years underground
10 years underground
50 years on herbarium sheets

Prosopis chilensis
Prosopis velutina
Prosopis glandulosa

Prosopis

Prosopis velutina
Prosopis velu tina
Prosopis velutina

Solbrig and Cantino (1975)
Glendening and Paulsen ( 1955 )
Schopmeyer (1974)

Glendening and Paulsen (1955)
Mooney et al. 1977)

Glendening and Paulsen (1955)
Solbrig and Cantino (1975)
Solbrig and Cantino (1975)

Table 3. Coverage (percent) of selected plants at six study sites along Trout Creek, Mohave County, Arizona.

Grazed Ungrazed
Site # 1 4 5 2 3 6

Shrubs and Herbs
Baccharis salicifolia 3.46 3.26 10.79 .07 1.74
Melilotus alba .18 .03 .05 7.10 5.53 2.34
Tamarix chinensis .05 .02 .01
Hymenoclea monogyra .15 1.99 .47 .01 8.90
Bebbia juncea 1.92
Amorpha fruticosa 1.60

Sub -Total 5.71 5.35 11.31 7.27 8.89 1 1.25

Emergent Aquatics
Scirpus americanos 19.46 5.13

Sub -Total 19.46 5.13

Trees
Fraxinus pennsylvanica 1.37 8.31 .14 4.23
Salix nigra 11.48 20.56 22.47 84.01 39.89
Populus fremontii 11.11 3.45
Sapindus saponaria 25.84

Sub -Total 23.96 28.87 26.33 88.24 65.78
TOTAL 29.67 5.35 40.18 33.60 97.13 77.03

successional dynamics in shaping the nature of the individual
species that are involved.

The most succinct and widely accepted definition of the
riparian plant community has been provided by Lowe (1964).
The "riparian ... association occurs in or adjacent to drainage -
ways and /or their floodplains and which is further character-
ized by species and /or life forms different from that of the
immediately surrounding non- riparian climax." In light of the
previous discussion, the definition of the riparian plant
community may be enlarged. The riparian plant community is
that group of species which participates in the successional
dynamics of the floodplain vegetation. It is recognized that the
successional sequence is on a habitat continuum, and that
different riparian plant species are more or less attuned to
particular segments of that continuum.

Livestock Grazing
At three locations on Trout Creek, masses of granite rubble

have naturally prevented livestock access, an unusual situa-

SOIL

MOI STURE

humid climate floodplain

arid climate floodplain

DISTANCE FROM STREAMBANK

Figure 5. Hypothetical relationship between soil moisture
and distance from streambank in humid and arid climate
floodplains. In humid regions upper floodplain terraces are
more mesic habitats than those in arid regions.
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Table 4. Estimated densities of selected plant species at six study sites along Trout Creek, Mohave County, Arizona.

Grazed Ungrazed
Site # 1 4 5 2 3 6

Shrubs and Herbs
Baccharis salicifolia 12625 1944 283 102 9

Melilotus alba 70 28 19 125 2747 79
Tamarix chinensis 172 260 46 32
Hymenoclea monogyra 9 111 23 143
Bebbia juncea 116
Amorpha fruticosa 97

Sub -Total 12992 2343 325 273 2853 254

Emergent Aquatics
Scirpus americanus 1888 752 99315 24430
Eleocharis cf. macrostachya 1104

Sub -Total 2992 752 99315 24430

Trees
Fraxinus pennsylvanica 9 9 5

Salix nigra 23 9 28 125 32
Populus fremontii 3 42 5

Sapindus saponaria 79
Sub -Total 35 9 79 130 116
TOTAL 16019 2343 1086 99667 27413 370

tion in the Southwest. The result is three stretches of ungrazed
floodplain vegetation, each from 100 -300 meters long and
20 -40 m wide, along a 5.6 km reach of lower Trout Creek. Here
the presence of extensive mats of American Bulrush (Scirpus
americanus), Cat -tail (Typha latifolia), dense patches of Sweet -
clover (Melilotus alba), and thickets of tree saplings provide a
remarkable riparian luxuriance that is nowhere seen on the
grazed 45 -odd kilometers of streamway.

The contrast between grazed and ungrazed sites, as reflected
by differences in estimated coverage and density, is indeed
striking. The grazed sites are characterized by a riparian wood-
land dominated by Fremont Cottonwood and Goodding Willow
with a shrubby understory comprised almost entirely of Seep -
willow. Ungrazed sites are dominated by the same trees in
roughly the same proportions yet with an herbaceous under -
story of bulrush and sweetclover. Tables 3 and 4 show esti-
mated coverage and density of plant species that occurred on
more than one site or in appreciable numbers on one site.
Table 4 shows estimated densities of plants per 464 m2, the size
of the smallest study site, to obtain frequencies large enough
for chi -square tests.

Estimated density and coverage show both cottonwoods and
willows far more prominent in ungrazed than grazed sites.
This was largely due to the fact that most of the cottonwoods
and willows in ungrazed sites were seedlings and saplings
(DBH < 2 cm). Among cottonwoods some of the juveniles
appeared to have been the result of suckering.

Species diversity is consistently lower on grazed than
ungrazed sites. The Shannon -Weaver maxima (Shannon and
Weaver, 1963) show plant species diversity to be approximately
3X greater on ungrazed riparian sites (1.00 on grazed versus
2.83 on ungrazed sites).

Conclusions
The data on grazed versus ungrazed riparian communities

on Trout Creek in Arizona, are consistent with the unanimous
consensus on the impact of stock grazing in riparian woodland
and forest communities elsewhere in the Southwest: grazing
impact is everywhere negative, and locally disastrous.

The critical features of the floodplain environment to which
riparian plants are adapted, are a relatively high plant -
available soil moisture in an unstable substratum. The
gradients created by the movement of the stream across its
floodplain result in a dynamic successional sequence in a
riparian habitat continuum.

At the moist -unstable side of the continuum (near the
stream channel) cottonwoods and willows are both the pioneer
and climax species of a "distinctive climax biotic community"
that is "an evolutionary entity with an enduring stability"
(Lowe 1964) specifically adapted to this unique environment.

On the other end of the continuum, that is relatively arid
and stable (floodplain terraces) locally adapted species such as
mesquites and acacias form an equally distinctive community.
The vegetative associations characteristic of the whole con-
tinuum are collectively termed the "riparian plant community"

The Populus -Salix associations of sub -Mogollon Arizona are
ultimately derived from early Early Tertiary forests once
covering large areas of the northern North American conti-
nent. Early on they specialized in adaptation to the peculiar
requirements of the floodplain environment and have diversi-
fied in response to the climatic regionalization which frag-
mented the ancestral forests.

The Prosopis- Acacia association includes a group of locally
preadapted trees and shrubs of Neotropical origin. Their
ecological origins are in subtropical and tropical savannas,
not floodplains.

Although useful for most of the purposes for which they
were intended the terms "pseudoriparian," "obligate riparian"
and "facultative riparian" do not recognize the role of succes-
sional dynamics in shaping the nature of the individual species
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Trout Creek, Mohave County, Arizona. An advancing
convex bank to the left is being colonized by seedlings of
Fremont Cottonwood, Goodding Willow and Seepwillow.
On the right is a retreating concave bank dominated by
mature individuals of the same species.
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Figure 6. Distribution of Goodding Willow across the
floodplain at a Trout Creek study site. The dashed line
indicates post -flood seedings on the bare alluvium of the
convex north bank. The solid line represents flood survivors
on the concave south bank.
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Figure 7. Distribution of Seepwillow across the floodplain
at a Trout Creek study site. The dashed line represents flood
survivors and the solid line represents post -flood seedlings.
The stream lay between roughly 26 and 28 m on the
intercept.
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involved. They obscure the fact that numerous factors corn -
bine to make a species adapted to the floodplain environment
and that a variety of species possess one or more of the
necessary morphologic, physiologic and reproductive adapta-
tions. All the plants in the floodplain participate in the
successional advance and retreat of the vegetation and may all
be correctly considered riparian species.

The key feature of riparian environments is successional
dynamics, and it is the adaptations of riparian plants to this
feature that should provide the most fruitful framework for
the classification of riparian ecosystems.
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Abstract
Evidence is presented for repeated formation and destruc-

tion of a Mesquite (Prosopis spp.) bosque community on a Gila
River terrace, eastern Arizona. Terrace formation was induced
by a coarse alluvial cone produced by flooding in an ephemeral
tributary, followed by vegetative colonization culminating in
Mesquite. Destruction was accomplished by sustained flood-
ing in the mainstream Gila River.

Mesquite Bosque 23

Introduction
Extensive bosques of mature Honey and Velvet Mesquite

(Prosopis glandulosa, P. velutina)' vegetated alluvial flood -
plains of subtropical Southwestern rivers in pre- settlement
times (Brandt, 1951; Lowe, 1964; Brown et al., 1977; Davis,
1982). The largest of these (e.g., San Xavier, Komatke, and
Texas Hill) have been destroyed (Minckley and Brown, 1982)
and those which persist are under severe pressure from man's
water diversion and pumpage, agricultural clearing, and cut-
ting for firewood (Phillips et al., 1964; Lacey et al., 1975;
Johnson, 1979; McNatt, 1979; Minckley and Rinne, 1984).
Invasion by introduced saltcedar (Tamarix chinensis) also has
taken its toll. That pest now dominates thousands of hectares
formerly supporting bosques and other native riparian forma-
tions (Horton et al., 1960; Horton, 1964 et seq.; Robinson, 1965;
Haase, 1972; Turner, 1974; Ohmart et al., 1977; Turner and
Karpiscak, 1980; Ohmart and Anderson, 1982). Isolated rem-
nants of native vegetation on terraces along a few Arizona
rivers constitute instructive examples of bosque formations.
Floods in 1978 -79 removed much of one such mature commu-
nity east of Safford, Graham County. That natural event plus
historic documentation of age and origin of the bosque
prompted this report. This paper results in part from research
supported by Contract No. YA- 512 -CT6 -216 between the U. S.
Bureau of Land Management and Arizona State University. Sara
Frischknecht typed the manuscript; P. Marsh, D. Hendrickson
and J. Collins provided comments, which were appreciated.

Description of the Area
Mesquite dominates riparian zones along the Gila River.

Lacey et al. (1975) produced maps from near the mouth of
Bonita Creek upstream to Guthrie, Arizona, indicating 56% of
-657 ha of riparian terraces was covered by mesquite, with
60% of the stands having >50% ground cover (35% >75%). The
bosque we studied (Figs. 1 -5) had an average of 500 mesquite
ha -1, 98.8% of all perennial plants in the community (Minckley
and Clark, 1981). Wolfberry (Lycium spp.), hackberries (Celtis
pallida, C. reticulata), Blue Paloverde (Cercidium floridum), and
Catclaw Acacia (Acacia greggi) were sparse in open sunny
areas. Fremont Cottonwood (Populus fremontii) and Goodding
Willow (Salix gooddingii) also were present, and Seep -willow
(Baccharis salicifolia) was at streamside and in low areas with
adequate moisture. The bosque had been opened by limited
woodcutting and construction of a corral, and such places
were populated by young mesquite. Trees <2 m in height (<4
cm basilar diameter) comprised 19% of the stand, 2- to 9 -m
trees 80.7% (4 to -35 cm diameter), and mesquite >9 m high
were infrequent (1.3 %, to -60 cm diameter) along the cliff
which borders the terrace.

Landward side of the essentially level terrace was -945 m
above sea level in 1976. The Gila River was incised 3.5 to 5.0 m
below that elevation and its degraded north bank formed a
vertical cut. The bosque was a kilometer long, 150 m wide at
its downstream (west) end, 275 m at the widest point, and 115
m wide at the upstream (east) end. The last was at the inflow of

' Bosque is the Spanish word for woodland or forest. The study area is
in a zone of overlap between Prosopis glandulosa and P. velutina
(Kearney and Peebles et al., 1973); the two species were not separated
in the field.
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Mesquite bosque depicted in Figures 1, 3 -4, as it appeared in March 1983.

Dry Canyon, a large ephemeral tributary (Fig. 1). Distances
between constraining cliffs at the last three points were,
respectively, 205, 338, and 148 m, thus channel widths2 were
55, 63, and 33 m, down- to upstream. We estimated area of the
bosque in 1976 as 10.0 ha.

Age and Origin of the Community
The Gila River floodplain originally supported a diverse

riparian vegetation including broad- leaved trees as well as
mesquite. Historic descriptions have been reviewed by Burk -
ham (1972), Turner (1974), Davis (1982), and Minckley and
Rinne (1984). Especially dense mesquite, willow, and cotton-
wood were noted during cadastral surveys between 1875 and
1903 (Lapham and Neill, 1904; Burkham, 1972. In 1876, Isador
E. Solomon operated a trading post near the site of Solomon -
ville and supplied charcoal for the Longfellow Mine on Chase
Creek. "For charcoal, Solomon found abundant material in an
almost unbroken mesquite forest that stretched for miles
along the river" (McClintock, 1921).

The period 1870 -89 was one of the driest in almost 250 years

2"Channel," as used here, refers to that part of the system scoured of
perennial vegetation by flooding, while "floodplain" includes all
alluvium influenced by the stream (definitions modified from
Burkham, 1972). In the case of the Gila River the floodplain is bounded
by stony terraces or cliffs. Use of the term "inland strand" by Minckley
and Brown (1982) corresponds to "channel", as used here.

(Stockton and Fritts 1968), followed by floods in 1891 -96 and a
short drought in 1896 -1904 (Burkham, 1970). These years
coincided with regional establishment of vast herds of domes-
tic livestock (reviewed by Hastings and Turner, 1965). The
combination of drought and grazing presumably damaged
ground- covering vegetation and massive erosion resulted from
high precipitation and runoff in 1905.

Flooding was widespread despite droughts from the late
1880s through 1916 (Table 1). Average channel width of the
Gila River was increased from 48.7 to 588.3 m just 10 km
downstream from our study area between 1875 and 1914. Area
of scoured channel in a 24.6 -km reach expanded from 89 ha to
1,207 ha and vegetative cover was reduced from 1,118 ha to
none (Burkham, 1972). Burkham (in Turner, 1974) provided
further evidence that channel widening and clearing was
accomplished between 1903 and 1916, most likely by floods of
1905 -06 (Table 1).

The above observations were at the east end of the broad
Safford Valley. There can be little doubt that flood scour was
accentuated upstream by constraining canyon walls, and that
essentially all riparian habitat including mesquite bosques
was removed. Photographs published by Olmstead (1919)
depict barren sand and gravel bars where dense stands of
woody vegetation had been removed, and where similarly
luxuriant streamside trees lived in 1976 -78. The bosque under
consideration thus could not have been older than 60 or 70
years in 1976. Larger, presumably older trees along cliffs must
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Figure 1. Mesquite bosque along the Gila River, Sec. 29 T65,
R28E, December 1970 (From Brown et al. 1977). The ephemeral
Dry Canyon formed an alluvial fan creating the rapid at upper
right. The line of larger mesquite passing from center to left
probably represents the bank of an earlier (1905- 1610 river
channel. See text for further explanation.

represent remnants of earlier bosque formations. Gavin (1973)
conservatively estimated growth of mesquite to -25 cm
diameter in 60 years on floodplains in southeastern Arizona,
which corresponds well to observed sizes along the Gila River
(Minckley and Clark, 1981).

Mesquite stands may have originated immediately upon
cessation of flooding, or in a period following the event(s), or
both. Large sediment loads were carried by the Gila River
between 1917 and 1940 (Rowalt, 1939; Calvin, 1946), resulting
from erosion of fine alluvium at low elevations. A complex
pattern of deposition occurred, culminating in redeposition of
the floodplain to its pre -1905 status and dimensions (detailed
by Burkham, 1972).

Development of alluvial fans from tributaries may have
been a major component of this process. Such accumulations
cause major shifts of receiving channels on broad floodplains
with easily eroded sediments. Such a situation on the Gila
River near Bylas, Arizona, was described by Burkham (1972). In
canyon -bound reaches, stony alluvial cones from floods in
ephemeral side canyons temporarily dam desert rivers, creat-
ing rapids, plunge pools, and eddies (Leopold, 1969; Cooley et
al., 1977) where fine sediments accumulate.

An alluvial cone consisting of boulders >1.0 m in diameter
persisted at the confluence of Dry Canyon and the Gila River
in 1976. The mass deflected the river south against a cliff and
created a rapid (Fig. 1). A flash flood of >10 m3 sec-' we observed
in Dry Canyon in 1977 added boulders of -1.0 m diameter to
the partial dam and further deflected the river. We infer that
this obstruction, perhaps formed in the early 1900s and added
to by later floods, promoted progressive deposition of coarse
then finer materials on its downstream side to form the subject
terrace. Low competence of silt -laden floodflows of the period
1916 through 1978 must have helped to disallow removal of
the partial dam. Lesser floods accompanied by wind transport
of river sand and input from adjacent uplands deposited
successive layers of finer alluvium (Fig. 2).

Development of mesquite cover stabilized and enhanced
silt accumulation. Mature mesquite in 1978 had their trunks
buried to >2.0 m above major roots. An apparent tendency for
large trees to be more deeply buried than smaller ones must
have occurred through progressive accumulation of silt accompa-
nied by local rooting of younger trees as suitable habitat
became available.



Figure 2. Bedload gravels and boulders underlying fine
alluvium of the study bosque. Height of the cutbank was
-5.0m at this point in 1979.

Removal of the Community
Severe flooding in October 1972 (Table 1) probably eroded

the bosque to the area and configuration we first observed in
1976 -77 (Figs. 1, 3). The alluvial cone from Dry Canyon was
then degraded and removed in repeated flooding in 1978 -79
(Table 1), resulting in rapid destruction of much of the terrace
and bosque (Fig. 4; color plate). Estimates of changes in surface
area are in Figure 5.

Removal was accomplished by undercutting and collapse.
The channel was abruptly straightened for -1.0 km of its
length. Explosion -like sounds and impacts presumably re-
sulted from cavitation, which resulted in large sections of
terrace falling at one time. About 1.5 ha of the bosque dis-
appeared in March 1978. An additiona13.5 ha were removed in
December -January 1978 -79. Assuming the largest trees on the
study terrace represent remnants of a former bosque com-
munity (Figs. 1; 3 -4; color plate), earlier flooding (of 1904-1916M)
would have removed -8 ha of an equivalent 10 -ha terrace.

The terrace was also overridden by winter floodflows, and an
additional 0.5 m of silt was deposited within the remaining
bosque. Deposition on the south side of the river in 1978 -79
amounted to as much as a meter of relatively coarse alluvium
overlain by sand and silt. Seedling mesquite were established
on the landward side of the aggrading surface by summer 1982.

Discussion
The scenario of origin, development, and partial destruction

of a Gila River mesquite bosque illustrates the dynamics of
desert rivers and their associated biotas. Terraces are promi-
nent features of Southwestern riparian habitats, and until the
recent past supported extensive stands of riparian forest and

woodland. Present rivers appear to be undergoing an erosion
cycle; deep arroyos and cut banks along watercourses are the
rule (Cooke and Reeves, 1976). Terraces are remnants of higher
floodplains, or in canyon -bound reaches often represent flood
deposits in mouths of tributary canyons or associated with
channel obstructions (Cochel and Baker, 1982).

As noted before, riparian plant communities in areas of
broad floodplains have been largely destroyed through man's
activities such as clearing, are replaced by introduced salt -
cedar, or have disappeared as a result of more natural events
such as channel incision that can result in declines in water
tables required to support riparian trees (Bryan, 1928; Ohmart
and Anderson, 1982). Pumping from alluvial aquifers has the
same result as the last event.

Formation of bosque communities on terraces also can
result from increasing depth to the water table. Mesquite do
not grow in waterlogged soils, but are notoriously capable of
deep root penetration in search of water (Minckley and Brown,
1982). Alternatively, the invasion of vegetation including
mesquite on a newly -formed river bar enhances further
accumulation of alluvium and progressively elevates the
surface above river level, hence above the local water table.
Invaders such as the hydrophilic Baccharis salicifolia and
Tessaria sericea, woody shrubs with remarkable capacities to
resist scour of floods (Gary, 1963; Fisher and Minckley, 1978),
first line the bar. Accrual of sediments is enhanced through
decreased flow velocity through stands of these plants, and
accumulations of organic debris (Minckley and Rinne, 1984)
aid in deflection of scouring currents. The abrupt decrease in
velocity in marginal vegetation zones stimulates formation of
natural levees, further promoting landward deposition of fine



Figure 3.Mesquite bosque depicted in Figure 1 as it appeared
in 1977. Flooding of 1972 presumably straightened the channel
and removed part of the downstream portion of the terrace.

Figure 4. Mesquite bosque depicted in Figures 1, 3, as it
appeared in June 1979.
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Table 1. Floods in the upper Gila River, Arizona, 1891 -1979.

Measurement Volume
Date(s) Locale m3sec -1 Authority( ies)

Feb. 1891 24 km E 2,904.3 Lippincott, 1900
Florence

Sept. -Oct. 1895 Solomon- "Destructive" Local newspaper,
Safford in Burkham, 1970

Oct. 1896 Solomon- "Destructive" Local newspaper,
Safford in Burkham, 1970

Jan. 1905 Solomon- "Destructive" Local newspaper,
Safford in Burkham, 1970

Feb., Mar., Solomon- "Destructive" Olmstead, 1919
Apr. 1909 Safford

Nov. 1905 San Carlos 4,247.5 Smith and
Heckler, 1955

Nov. 1905 Near Florence 5,380.2 U.S. Army Corps
of Engineers, 1914

Dec. 1906 Clifton (San 4,064.6 Olmstead, 1919
Francisco R)

Dec. 1914 Solomon- 1,415.8 U.S. Army Corps
Safford of Engineers, in

Burkham, 1970

Jan. 1915 Solomon- 1,359.2 Burkham, 1970
Safford

Jan. 1916 Solomon- 2,831.7 Burkham, 1970
Safford

Jan. 1916 Solomon- 792.9 Smith and
Safford Heckler, 1955

Summer 1984

Datels)
Measurement Volume

Locale m3sec -1 Authoritvliesl

Oct. 1916

Sept. -Oct. 1941

Dec. 1965

Dec. 1965

Oct. 1972

Solomon- 1,922.7 Olmstead, 1919
Safford

Solomon- 903.3
Safford

Solomon- 1,243.2
Safford

Solomon- 594.7
Safford

Solomon- 1,277.1
Safford

Oct. 1972 Solomon -
Safford

Mar. 1978 Solomon -
Safford

Nov. 1978 Solomon -
Safford

Dec. 1978 Solomon -
Safford

Jan. 1979 Solomon -
Safford

Patterson and
Somers, 1966

Patterson and
Somers, 1966

Patterson and
Somers, 1966

U.S. Geological
Survey, publ.
periodically

688.1 U.S. Geological
Survey, publ.
periodically

492.5 U.S. Geological
Survey, publ.
periodically

688.1 U.S. Geological
Survey, publ.
periodically

1775.5 U.S. Geological
Survey, publ.
periodically

688.1 U.S. Geological
Survey, publ.
periodically

alluvium. Water transport of alluvium from adjacent uplands
may also contribute to terraces, and along the Gila River
production of dunes through aeolian transport of sand seems a
significant factor in sediment accumulation.

Fine alluvium overlying coarser bedload of the river (Fig. 2)
remains moist through capillarity even in the absence of
rainfall. Saturated conditions are within the deeper, coarser
sediments. Soil moisture above the water table is used far more
by mesquite than is water from the saturated zone (McQueen
and Miller, 1972). Mature mesquite in protected places along
river cliffs and in canyons provide an abundant source of seeds,
which are buried by wind or water or by rodents (Glendening
and Paulsen, 1955) and germinate readily under conditions of
moist well aerated soils in open sunny locations. Rapid
development of deep rooting in mesquite allows exploitation
of available water, and the porous nature of river -bar alluvium
precludes development of heavy, poorly aerated soils.

After a few seasons, thick stands of young mesquite add to
alluvium- retaining features of the habitat and a terrace
presumably continues to grow vertically along with its
heightening trees. With closure of a mesquite canopy other
plants are generally excluded and a bosque is formed. In cases
where protection is afforded by alluvial cones, such as in our
study area below Dry Canyon, origin and destruction of such a
community may thus correspond with flooding of 50- to 100 -
year recurrences, and may be considered a quasi -climax.

Absence of saltcedar invasion in canyon -bound segments of
Southwestern rivers was attributed by Minckley and Clark
(1981) to the erosive nature of such habitats. We further

hypothesize that such invasion also is precluded by the nature
of terrace surfaces. Despite capillarity, which is obviously
sufficient for germination of mesquite, the surface 5 to 10 cm
of these habitats are extremely dry. In addition, continuing
accumulation of alluvium on terrace surfaces may build 3 to 5
m or more above river level and thus far above the water table.
Saltcedar requires a long period of saturated soil for germina-
tion and a high water table to establish (Warren and Turner,
1975). Its windblown seeds may thus be unable to germinate or
establish on terraces more than a few meters from the water's
edge. Such habitat along newly- formed bars and cut banks of
terraces in canyon -bound river reaches apparently remain too
prone to scour for habitation by most plant species, including
saltcedar.
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Abstract
Patterns of plant distribution among eight dune fields in the

southwestern USA and northwestern Mexico are analyzed and
discussed. Each dune flora is characterized by three to five geogra-
phic components; the regional flora in which each dune field
occurs is the dominant component. Endemic species, that is,
species restricted to sand dunes, comprise ten percent or more of
five of the eight floras. All possible combinations of the eight dune
floras taken two at a time (28 pairs) were analyzed using Sorensen's
similarity index. Only seven have a similarity value of 0.200 or
greater. The lack of similarity among dune floras is due in part to
their distribution among four floristically distinct biogeographic
provinces and in part to localized recruitment of species from
adjacent, non -dune plant communities. Geographic, edaphic and
temporal barriers to dispersal and establishment also promote
high dissimilarity among the eight floras. Eighty -three of the 533
species composing the eight dune floras are either endemic to
sand dunes or occur at three or more of the dune fields studied.
These 83 species fall into two subgroups: a group of 36 species
characteristic of southwestern sand dunes east of 113° Longitude,
and a group of 57 species characteristic of sand dunes west of 113°
Longitude. Ten species are common to both groups. In the
Southwest, dune fields are habitat islands, but dune floras do not
behave in all respects as predicted by the MacArthur and Wilson
theory of island biogeography. Southwestern sand dunes are not
now floristic islands, but additional insular characteristics may
develop over time.

Introduction
Although sand dunes are characteristic of many deserts, such as

the Sahara Desert in northern Africa and the Gobi Desert in
central Asia, dunes cover only a small fraction - about 0.5% - of
the North American deserts (Fig. 1). Dunes in the Southwest
(southern Utah, southern Nevada, southeastern California, Arizona,
New Mexico, western Texas and northern Mexico) are widely
scattered, lie between 90 and 1800 m in elevation and receive less.
than 300 mm precipitation annually. Most were formed during
the Pleistocene as sand deposited in lakes in interior drainage
basins was exposed and blown into dunes.

Dune plant communities throughout the Southwest are physi-
ognomically similar. Active dunes, that is, dunes where sand is
loose and blows about freely, are barren or support only widely
spaced shrubs and grasses. Stabilized dunes, where sand is
anchored by vegetation, are dominated by denser grass and shrub
associations. Trees are uncommon on desert dunes, but do occur
in favorable situations such as interdune depressions or on some
stabilized dunes. Plant communities on dunes are derived from
three sources: plants adapted and restricted to active sand; more
widely distributed plants which occur on stabilized dunes and in
sandy soils; and plants from adjacent, non -dune habitats.

Loose sand is an unfavorable substrate for plants in two major
ways. Plants growing on active dunes are in constant danger of
burial or excavation. In addition, dune sand is low in nutrients
necessary for normal plant growth. On the other hand, active
dunes act like sponges, absorbing precipitation and storing it with
no runoff and little evaporation. Although the moisture- holding
capacity of sand is low compared to silt or clay, sand particles hold
water at much less negative matrix potentials than fine -textured
particles, so that even small amounts of water in sand are readily
available to plants. Since dune sand is constantly moist below the
surface, active dunes are among the most mesic of desert habitats.
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Figure 1. Major dune fields in the Southwest with localities
mentioned in the text (vegetation types after Shreve, 1942;
Benson, 1959). 1. Algodones Dunes; 2. Gran Desierto Dunes; 3.
Salton Sea Dunes; 4. Kelso Dunes; 5. Death Valley Dunes; 6.
Eureka Dunes; 7. Coral Pink Dunes; 8. White Sands; 9.
Guadalupe Mountains Dunes; 10. Samalayuca Dunes; 11.
Sand Hills State Park. A complete map of dune fields in North
American deserts was prepared by Smith (1982).
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Table 1. Some physical and environmental characteristics of
eight southwestern dune fields.

Basal elevation
(m)

Area (km2)

Annual precipi-
tation (mm)

Distance to clos-
est dune field

ikml.

Sand type

ó

x
Ç

U

c

v

780 130 90 1800 1190 90 1100 1100

117 4500 709 18 712 8 31 10

140 50 76 297 203 115 230 230

260 110 110 390 140 300 140 140

quartz quartz quartz quartz gypsum quartz quartz gypsum

of the eight dune fields studied

Those few species which thrive on active dunes have evolved
specific adaptations to moving sand and are seldom, if ever, found
in other habitats. Such adaptations include rapid growth of stem
tips, keeping flowers and leaves above the level of accumulating
sand; rapid elongation of radicles to prevent excavation of see-
dlings; development of a few vine -like lateral roots for anchorage
rather than of numerous fibrous roots for water uptake; and
symbiotic association with mycorrhizal fungi or with nitrogen -
fixing bacteria which supply nutrients, particularly nitrogen and
phosphorus.

Some dune endemics are characteristic of active sand - Eriog-
onum deserticola Wats., Palafoxia arida Turner & Morris var.
gigantea (Jones) Turner & Morris, Swallenia alexandrae (Swallen)
Soderstrom & Decker- while others are more typical of stabilized
dunes - Hilaria rigida (Thurb.) Benth., Psorothamnus emoryi
(Gray) Rydb., Tiquilia palmed (Gray) Richards. Some are narrow
endemics; that is, they are known from only one dune field. The
majority are more widely distributed, occurring on several south-
western dune fields or even on dunes outside the Southwest. Dune
endemics are obligate psammophiles, since the very adaptations
which enable them to thrive on active sand make them unfit for or
unable to compete in non -dune habitats. Pioneers on active sand
are often dune endemics. They begin the process of stabilization
and are eventually joined by plants from adjacent, non -dune plant
communities. These and other topics relating to the plant ecology
of sand dunes are discussed in greater detail by Bowers (1982).

The relative scarcity of dune fields in the Southwest has
created interesting patterns in plant distribution. The objec-
tive of this paper is to analyze these patterns, first characteriz-
ing the geographic composition of eight southwestern dune
floras; then determining how similar these floras are to one
another and whether or not there is a southwestern dune flora,
that is, a group of plants characteristic of dune fields through-
out the Southwest, and finally, examining southwestern dune
floras in the light of current concepts of island biogeography.

Methods
Floristic Analysis. -I selected eight southwestern dune fields

for which floras had been compiled: the Coral Pink Dunes
(Castle, 1954), Eureka Dunes (DeDecker, 1976), Kelso Dunes
(Thorne et al., 1981), Algodones Dunes (WESTEC Services,
1977), Gran Desierto Dunes (Felger, 1980), White Sands
(Shields, 1956), the Guadalupe Mountains quartz dunes (Bur-
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Figure 2. Similarity index versus distance apart for 28 pairs
of southwestern dune floras.

Figure 3. Log -log relationship bewteen number of species
and area for seven dune floras (triangles) and ten non -dune
floras (circles).

gess & Northington, 1977, 1984) and the Guadalupe Moun-
tains gypsum dunes (Burgess & Northington, 1977, 1984) (Fig.
1). Some physical and environmental characteristics of each
dune field are listed in Table 1. Using regional floristic manu-
als (Harrington, 1954; Kearney et al., 1960; Shreve & Wiggins,
1964; Munz & Keck, 1968; Correll &Johnston, 1970; Cronquist
et al., 1977; Martin & Hutchins, 1980; and Hastings et al.
1972), I assigned each species in the eight dune floras to one of
15 geographic categories based on distribution. These catego-
ries are defined in Appendix 1. I then calculated the percent
contribution of each category to every dune flora (Table 2).



Figure 4. Algodones Dunes, showing barren active crests. Photo by Steven P. McLaughlin.

Similarity Analysis. - I calculated an index of similarity for
each of the 28 possible pairs of floras using Sorensen s index
(Mueller- Dombois & Ellenberg, 1974):

IS - A+B
2C

Where A = the number of species in one flora, B = the number
of species in a second flora, and C = the number of species
common to both (Table 3). I also plotted the airline distance
between each pair of floras against the similarity index for the
pair (Fig. 2). Finally, I divided the list of all species occurring in
the eight floras into two groups: 1) those endemic to sand
dunes or occurring in three or more dune floras, a category
which I believe defines the plants characteristic of dune fields,
and 2) all other species.

Results and Discussion
Geographic Composition. - Each dune flora is characterized

by three to five geographic components: the Kelso Dunes by
species with Mohavean, Sonoran -Mohavean, Southwestern
and Endemic affinities; the Gran Desierto Dunes by Sonoran,
Sonoran -Mohavean, Southwestern and Endemic species; the
Guadalupe quartz dunes by Chihuahuan, Southwestern and
Plains species; etc. (Table 2). The regional flora in which each
dune field occurs is the dominant component. On the Gran
Desierto Dunes, for example, species with Sonoran and

Sonoran -Mohavean distribution account for 48% of the flora;
similarly, Chihuahuan species comprise 24 %, 26% and 31% of
the Guadalupe gypsum, White Sands and Guadalupe quartz
dune floras, respectively. Species which occur throughout the
Southwest are an important component of seven of the eight
dune floras.

Further examination of Table 2 shows that most of the
geographic components are important only in one or two
floras. For example, the Intermountain component comprises
15% and 11% of the species at the Coral Pink and Eureka
dunes, respectively, but is negligible in the other dune floras.
Species endemic to gypsum are important only on the Guada-
lupe gypsum dunes, Mohavean species only in the Kelso and
Eureka dune floras and Sonoran species only in the Algodones
and Gran Desierto floras.

In general, the eight dune floras are highly individualistic in
their geographic composition. Only the Algodones and Gran
Desierto dune floras are much alike. Other dune fields in the
same desert, such as the Kelso and Eureka dunes in the
Mohave Desert or the Guadalupe quartz and Guadalupe gyp-
sum dunes in the Chihuahuan Desert, differ in several impor-
tant respects.

The most striking aspect of the floristic analysis is the high
proportion of endemics at five of the eight dune fields: Kelso,
Gran Desierto, Algodones, Coral Pink and Eureka dunes.
Endemic species comprise a much higher proportion of these
dune floras than of non -dune desert areas of similar extent.



Figure 5. Much of the Death Valley dune field is too active for plants to gain a foothold. Photo by Janice E. Bowers.

High rates of endemism may be due both to adaptation of
plants to moving sand and to various dispersal factors, which
will be discussed later.

At the Coral Pink Dunes, White Sands and the two Guada-
lupe dune fields, geographic components distributed mostly in
colder and wetter regions - Plains, Rocky Mountain and
Western Montane - are important (Table 2; see also Burgess
& Northington, 1977; Sherwood & Risser, 1980). This is most
likely due to the favorable moisture relations of dune sand.
Since active sand is moist and cool just 10 -15 cm below the
surface even in the hottest and driest months, non -desert
plants such as Arctostaphylos patula Greene, Quercus gambelii
Nutt., Populus angustifolia James, Tradescantia occidentalis
(Britt.) Smyth, Rhus trilobata Nutt. and Cyperus schweinitzii
Torr. can become established and thrive, at least on stabilized
dunes.

Similarity of Southwestern Dune Floras. - The distinctive
geographic composition of eight dune floras that was revealed
by the floristic analysis is also demonstrated by the similarity
analysis. Of the 28 pairs of dune floras studied, only seven have
a similarity value above 0.200 (Table 3). This indicates that
most of the 28 pairs are very dissimilar, since the lower the
similarity values, the less similar are the floras. This lack of
similarity is due in part to the distribution of the eight dune
fields among four floristically distinct biogeographic provin-
ces: the Mohavean, Sonoran, Chihuahuan and Great Basin
deserts (Fig. 1). The three pairs with the greatest similarity -

Algodones /Gran Desierto, White Sands /Guadalupe gypsum
and Guadalupe gypsum /Guadalupe quartz - each lie within a
single biogeographic province.

Similarity and distance are poorly correlated. Dune fields
farther than 400 km apart are more or less equally dissimilar
regardless of distance, and dune fields less than 400 km apart
range in similarity values from 0.050 to 0.512. Clearly there is
not a simple, linear relationship between similarity and dis-
tance (Fig. 2).

One possible reason for the lack of similarity between
southwestern dune floras may be that recruitment of plants
from non -dune plant communities is highly localized. Exami-
nation of plant lists for various dune fields confirms this
hypothesis. Of the 55 species at the Kelso Dunes with Moha-
vean or Sonoran -Mohavean affinities, 24 occur in one or more
of the other dune floras studied. The remaining 31 species
occur at the Kelso Dunes alone. For example, Chrysothamnus
paniculatus (Gray) Hall is one of the latter group. It occurs
locally across the Mohave Desert (Munz & Keck, 1968), and
neither its presence on the Kelso Dunes nor its absence from
the other seven dune fields is surprising. This type of localized
recruitment, when repeated on dune fields throughout the
Southwest, is in large part responsible for the dissimilarity of
southwestern dune floras. Localized recruitment masks the
similarities between dune floras, making them appear to have
less in common than they in fact have, as will be discussed
later.



Figure 6. Larrea tridentata var. arenaria on the Algodones
Dunes differs from the typical variety in its upright habit, long
branches, and drooping clusters of twigs and leaves. Photo by
Steven P. McLaughlin.

Barriers to dispersal and establishment also promote high
dissimilarity among southwestern sand dune floras. The gyp-
sum sand of the Guadalupe gypsum and White Sands dune
fields is a formidable edaphic barrier to plant establishment.
The intolerance of many plants to gypsum is well- documented
(Waterfall, 1946; Powell & Turner, 1977) and may in part
account for the low similarities of dune pairs such as Coral
Pink Dunes /White Sands, White Sands /Eureka Dunes and
Coral Pink Dunes /Guadalupe gypsum dunes. Salinity may
also promote dissimilarity. The dunes in Death Valley support
halophytes such as Allenrolfea occidentalis (Wats.) Kuntze,
Suaeda torreyana Wats. and Distichlis spicata (L.) Greene
(Hunt & Durrell, 1966), none of which occur on the eight dune
fields studied.

The relatively brief period of time involved in speciation
and species migration may also explain in part the dissimilar-
ity of southwestern dune floras. Some narrowly endemic dune
plants, that is, species which are known from only one dune

Table 2. Geographic composition ( %) of eight southwestern dune
floras.

°o'o

x ¢ (".3 3 W

Mohavean 15 1 3 16 -

Sonoran 3 17 14

Sonoran -Mohavean 36 31 37 4 26 -

Intermountain 3 15 2 11

Chihuahuan 1 1 1 26 - 31 24

Southwestern 23 20 15 1 13 16 20 16

Plains 3 - 2 11 15 - 30 16

Rocky Mountain 15 8 2 8

Western Montane 13

Western North America 3 4 1 8 13 8 5 3

Temperate 2 1 8 3 3

Introduced- Cosmopolitan 2 4 5 8 2 3 2

Latin American 1 2 7 3 3

Endemic -Sand 10 20 18 15 5 18 8 8

Endemic- Gypsum 7 24

Total number of species 107 75 97 53 61 38 64 38

Table 3. Similarity indices for eight southwestern dune floras.
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Gran Desierto
Algodones

Coral Pink

White Sands
Eureka

Guadalupe Quartz
Guadalupe Gypsum

0.308

0.324

0.050

0.012

0.207

0.047

0.014

0.512

0

0.044

0.124

0.086

0

0.013

0.025

0.133

0.050

0

0.123

0.088

0.068

0.066

0.061

0.240

0.364

0.078

0.026 0.353

field, may have evolved since dune formation in the Pleisto-
cene. Such plants, including Wyethia scabra var. attenuata W.
A. Weber, Palafoxia arida var..gigantea, Oenothera avita W.
Klein ssp. eurekensis (Munz) Klein, Asclepias welshii Holm-

gren & Holmgren and Astragalus lentiginosus Dougl. var.
micans Barneby, may not yet have had enough time to disperse
to other dune fields.

Geographic isolation has also played a role in maintaining
dissimilarity between southwestern dune floras. The Eureka
Dunes are very dissimilar to every other dune flora, with
similarity values ranging from 0.026 to 0.207 (Table 3). The
Eureka Dunes are located at the south end of a narrow valley
that is surrounded by high mountain ranges. Evidently the
three taxa endemic to the Eureka Dunes have not been able to
surmount this barrier, since they have not spread to dune
fields in nearby valleys.

Characteristic Dune Species. - To discover whether or not
there is a group of plants characteristic of sand dunes in the
Southwest, I examined the list of all 533 species comprising the
eight dune floras. First, I decided that any plant occurring in
three or more of the floras could be considered characteristic of
dunes, and that dune endemics are by definition also
characteristic of sand dunes. I found that 83 species (Group 1)
are either endemic to sand dunes or occur in three or more of
the eight floras. The remaining 450 species ( Group 2) occur in
only one or two of the eight dune floras and cannot be con-



Figure 7. Swallenia alexandrae is endemic to the Eureka Dunes, where it flourishes on active sand. Photo
by Steven P. McLaughlin.

sidered characteristic of southwestern sand dunes. Of the 83
species in Group 1, 43 are dune endemics; they are obligate
psammophiles and are restricted to active sand. The remaining
50 species are facultative psammophiles which have been
recruited from the surrounding flora, for the most part.

The species in Group 1 fall naturally into two subgroups
-36 species in an eastern group comprising the Guadalupe
gypsum, Guadalupe quartz, White Sands and Coral Pink dune
fields, and 57 species in a western group comprising the Kelso,
Eureka, Gran Desierto and Algodones dune fields (Tables 4a &
4b). The eastern dune flora shares many species in common
with the floras of sand hills of the Great Plains (Table 4a),
including Andropogon hallii Hack., Artemisia f ili f olio Torr.,
Erigeron bellidiastrum Nutt. and Heliotropium convolvula-
ceum (Nutt.) Gray. With the exception of narrow endemics,
these are plants which could be expected on any southwestern
dune field east of about 113° Longitude. The western dune
flora is characterized by a greater development of narrow
endemics than is the eastern dire f!c ' (Table 4b), but the
majority of species in the western group could be found on any
southwestern dune field west of about 113° Longitude.

Only 10 species are shared by the eastern and western dune
floras, giving a similarity value of 0.108 for the two groups.
One reason for the sharp separation of the southwestern dune
flora into two distinct groups may be climate. Dunes in the
eastern group occur in summer rainfall areas, while those in
the western group lie in predominantly winter rainfall areas.

The 440 species in Group 2 are all facultative psammo-
philes. They are the reservoir from which the preponderance
of each dune flora (75 -95 %) is recruited. Most are distributed
in only one of the four North American deserts.

Sand Dunes as Island Habitats. - Although southwestern
dune fields are habitat islands in a sea of desert, dune floras do
not behave in all respects as predicted for insular biotas by
MacArthur and Wilson (1967). The analogy between true
islands and dunes as islands is not perfect. True islands are
separated from mainland sources of colonizing propagules by
expanses of uninhabitable ocean, but dunes are immersed in
the mainland from which their biota is derived. However, the
parallel between dunes and oceanic islands is no weaker than
that between vacant urban lots and islands (Crowe, 1979) or
insects on thistle patches and islands (Brown & Kodric- Brown,
1977). It is impossible to define a sandy mainland which is the
source of colonizing propagules for dune islands in the same
sense that continental mainlands are the sources of propa-
gules for oceanic islands. Since the actual source of colonizing
propagules on dunes is the surrounding, non -dune desert, this
desert has been assigned the role of mainland for purposes of
the following discussion.

According to the theory of island biogeography as it has
been applied to island habitats on continents (Harper et al.,
1978; Crowe, 1979; Carter -Lovejoy, 1982), insular floras should
have:
1) Steeper species -area curves than mainland floras,



Figure 8. Wyethia scabra var. attenuata growing normally on the Coral Pink Dunes. Photo by Janice E.
Bowers.

Figure 9. Wyethia scabra var. attenuata continuing to grow through an advancing dune. Photo by Janice
E. Bowers.



Figure 10. Roots of Croton wigginsii on the Algodones Dunes function as underground vines, providing
anchorage in a mobile substrate. Photo by Janice E. Bowers.

Figure 11. Stems of Eriogonum deserticola at the Algodones Dunes take on bizarre shapes when buried by
moving sand. Photo by Janice E. Bowers.



Figure 12. Hilaria rigida is common on stable dunes in the Mojave and Sonoran deserts. Photo by Steven P. McLaughlin.

2) Fewer species per unit area than mainland floras,
3) An inverse relationship between species richness and dis-

tance from the mainland,
4) Higher rates of endemism than mainland floras.
Of these four hypotheses, two seem to fit dune islands in the
Southwest. Levels of endemism on dunes are appreciably
higher than on non -dune desert habitats (i.e., the mainland) of
comparable size, as discussed earlier, and dune floras appear to
have fewer species per unit area than non -dune floras. I will
discuss each of these hypotheses in turn.

The log -log relationship between the number of species on
southwestern dune fields and their areas (Fig. 3) is only weakly
statistically significant (r2 = 0.56, p < 0.10), in part because of
the small sample size. However, it is still worthwhile to
discuss the curve in the light of the MacArthur and Wilson
model. The slope of the curve, 0.16, is within the range
predicted for mainland floras (0.12 -0.17), and below that
observed on islands (0.20 -0.35) (Harper et al., 1978). Gilbert
(1980) observed that slopes of regressions obtained for species -
area curves from continental islands are frequently lower than
those from oceanic islands. Non -dune desert floras in the
Southwest also have a slope close to the range predicted for
mainland floras (0.18) (Fig. 3). This relationship is highly
statistically significant (r2 = 0.62, p < 0.01). In Arizona, deserts
are poor in plant species relative to community types such as
Madrean evergreen woodland and desert grassland, since low
beta diversity across large expanses of desert masks the input

from localized communities with high diversity (Bowers &
McLaughlin, 1982). Similarly, on dune fields wide expanses of
barren or nearly barren sand reduce the significance of the
input from localized areas where plants are more abundant.

Dune floras have a lower number of species per unit area
than non -dune floras (Fig. 3). The range for number of spe-
cies/km2 among ten desert floras is 0.045- 11.667 and among
seven dune floras, 0.086- 4.750. (The Gran Desierto was omit-
ted from this analysis due to its disproportionate size.) As
expected, the number of species per unit area is high for small
areas and declines as area increases, both for dune and non -
dune areas. One explanation for the lower values on dunes is
lack of habitat diversity. Non -dune habitats support more
species per unit area because the greater variety of habitats
provides suitable conditions for more species. In addition, only
a handful of species can occupy the large areas of active sand
that comprise a substantial proportion of many southwestern
dune fields.

The hypothesis that number of species should decrease
with increasing distance from the mainland is difficult to test
on southwestern dunes, where no clearly defined mainland
exists. Crowe (1979), facing a similar problem when dealing
with weeds on vacant lots in Chicago, explored the relation-
ship between species number and distance from the nearest
source of propagules. However, among the eight dune floras
studied, there is no significant relationship between number
of species on a dune field and distance to the nearest of the



Figure 13. Asclepias welshii is endemic to the Coral Pink Dunes. Photo by Janice E. Bowers.

Figure 14. Helianthus niveus (typically of coastal dunes) is represented on inland dunes by subspecies
tephrodes, pictured here on the Algodones Dunes. Photo by Janice E. Bowers.



Figure 15. Panicum urvilleanum survives on active sand at the Algodones Dunes by means of rapid
growth from deep- seated rhizomes.

eight. This is not surprising, since 75 -95% of the species on
dune fields are desert mainland species; that is, they are not
restricted to dunes and should not be distributed in accor-
dance with dune distribution. Nor is the number of sand dune
endemics on a given dune field significantly related to the
distance to the nearest dune field. Turner and Powell (1979),
studying endemism on gypsum outcrops from Mexico to
Montana, found that number of endemic species was related
not to distance from a hypothetical source area but rather to
time. Gypsum outcrops in Mexico had been exposed longer
than those in Montana, and therefore more time had been
available for the evolution of gypsum endemics on the south-
ern outcrops than on the northern. A similar phenomenon
may be operating on dunes: the number of narrow endemics on
a dune field may well be related to its age. This is a problem
which has received little study and deserves further attention.

In sum, dune floras fit some of the characteristics of insular
floras predicted by the MacArthur and Wilson model. Although
dune floras do exhibit higher rates of endemism than non -
dune floras of comparable extent and have fewer species per
unit area than mainland floras, the species -area curves of dune
floras do not show steeper slopes than those for non -dune
mainland floras, and dune floras do not show an inverse rela-
tionship between species richness and distance from the near-
est source of propagules. Dunes are habitat islands, but since
75 -95% of the flora of a given dune field is drawn from the
desert mainland species pool, dunes are not floristic islands.

What other attributes of island biotas do dune floras pos-
sess? Carlquist (1974) discusses 24 principles of dispersal and
evolution for island biotas. Some of those which seem to
describe dune floras, particularly the endemic dune flora, are:
1) The size and species composition of insular biotas are

determined by a variety of factors which differ in relative
importance from one island to another.

2) Immigrants to island biotas evolve rapidly after arrival.
3) Plants on oceanic islands evolve new growth forms, with a

particular tendency toward increased stature.
4) Competitive ability among insular endemics is often

reduced.
I will discuss each of these principles and its applicability to
dune floras in turn.

The size and species composition of dune floras is deter-
mined by a variety of factors. These include location of the
dune field with respect to regional biogeographic provinces,
climate, age of the dune field, proportions of stabilized and
active sand and, perhaps, area.

Rapid evolution at the subspecific level has occurred in
many dune taxa, presumably since dune formation in the
Pleistocene. Barneby (1964) suggested that eustatic sea level
changes during the Pleistocene separated the progenitor of
Astragalus magdalenae Greene var. peirsonii (Munz & Bar-
neby) Barneby into coastal and inland dune populations. The
populations evolved in situ, producing a coastal dune endemic
-Astragalus magdalenae var. niveus (Rydb.) Barneby -and an

(continued on page 51)
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For the last 200 years Aloe vera has been used as both the
scientific name and common name for the medicinal Aloe of the
Mediterranean. Nowadays botanists prefer the scientific name Aloe
barbadensis for the plant while retaining Aloe vera as the
common name. In commerce now only the name Aloe vera is in
usage and is the standard designation for the species adopted by
the Aloe Vera Growers Association headquartered in Harlingen,
Texas.
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Introduction
Aloe vera figured prominently in the medicine of ancient Egypt

and Mesopotamia. We think that the early medical practitioners
were very skillful and knowledgeable but understandably tight-
lipped concerning the sources of their cures, which were also the
sources of their livelihood. In these early civilizations, proprietary
societies were formed around the cultivation and use of certain
plants. There was an extremely precarious period before the
invention of writing when specific knowledge was vested only in
the minds of a few scholars in specific societies. When warriors
from one city sacked another city, important knowledge was lost
if the scholars were killed. In other instances knowledge was
diffused at the point of the sword!

In order to preserve secrets, key plants used by a society could
be grown in a clandestine location. It would have been difficult,
but certainly not impossible, to have hidden the huge fields of
Aloe which must have been required by the practitioners. We
suspect that the populations of Aloe on warm islands such as
Socotra, and later the Canary Islands, Madeira, and the Cape
Verdes might have been introduced by man. The Egyptians, Per-
sians, Greeks and Romans all had fleets of ships which slipped
silently through the waters with precious cargoes from myste-
rious places. Phoenicians in the employ of one of the pharaohs
even circumnavigated Africa! We do know that Alexander the
Great in the Fourth Century B.C. was exhorted by Aristotle to
conquer the island of Socotra to obtain the Aloe (see below).
Notwithstanding this, long before Alexander, the true yellow -
flowered Aloe vera was a domestic cultigen in Mesopotamia.

The effect of Alexander the Great on the civilized world was
great. As a youth Alexander's teacher had been none other than
Aristotle himself! An appreciation of knowledge was instilled into
the youth by the great Aristotle with the result that Alexander
sought out and preserved knowledge when he conquered each
new land. Although Alexander died young, by the First Century
A.D., Dioscorides, a surgeon in Neró s army, was harvesting the
accumulated knowledge (again at the point of the swords and
finally writing it down. From the writings of Dioscorides, from the
clay tablets of Mesopotamia, and from other sources, we are
finally able to reconstruct a smattering of the "secrets of the
ancients" to put forward a previously unpublished holistic theory
for Aloe vera. Perhaps we can be forgiven for using circumstantial
evidence if through it we can gain a closer insight into the beliefs
of those who actually helped shape the foundations of our western
thought.

Scope of Treatment, Geography,
Taxonomy and Flower Color Considerations

The genus Aloe contains 324 or more species (Reynolds, 1966),
most of which are African, but with some on nearby Madagascar
and the Arabian peninsula. Gilbert Westacott Reynolds, who
travelled over 40,000 miles through Aloe habitats to study the
many species, and who conducted a massive literature and herba-
rium study, reported 132 species from South Africa, 133 species
from tropical (mostly east( Africa north of South Africa, 46 species
from Madagascar, 17 from Arabia, and 3 from Socotra, a small
island off the coast of the Arabian peninsula.

The present article is meant to deal only with the classical
medical Aloe of the ancient Mediterranean civilizations. This
seems to have basically been the plant known almost universally
today as "Aloe vera" (= Aloe barbadensis, see italicized note at left),
but apparantly to some extent included Aloe perryi of Socotra.
The latter species was considered by Aristotle to have been of



True yellow -flowered Aloe vera growing on the University of Arizona campus, Tucson.

Pedianos Dioscorides (left), served as a medical doctor in
Nero's army. According to Margotta (1968) he joined the
Roman legions to visit as many countries as possible in order
to learn about their medicinal plants. From his writings we
know of the uses of Aloe vera in the First Century A.D. In this
painting, from Codex Aniciae julianae, Dioscorides receives a
drug plant from Eurasis.

sufficient medical importance for him to have asked Alexander
the Great to reconquer Socotra specifically to gain possession of
"the plant famous for healing qualities." The purest form of Aloe
vera has yellow flowers, although a red -flowered form of the
species does exist. Aloe perryi, on the other hand, is basically
red - flowered but becomes rather yellowish when flowers are at
full anthesis. Although Aloe species are notorious for hybridizing
one with the other when grown in gardens, we have no proof for
hybridization or selection by man which might have affected the
morphology or chemistry of Aloe vera or Aloe perryi as known to
the classical civilizations. However, to exactly which country
Aloe vera was originally native is not known. It grows wild today
in practically all countries bordering the Mediterranean and on
the Atlantic islands off the north African coast (Canary Islands,
Madeira, Cape Verdes). At all of these locations it appears to have
been introduced by man. Species most closely related to Aloe vera
appear to be native to the Arabian peninsula or the adjacent coast
of Africa (Somalia, Ethiopia, Eritrea). Socotra, the island famous for
the red -flowered Aloe perryi mentioned above, lies in this exact
same area between the Arabian peninsula and Somalia.

This is the source of the Socotrine Aloe drug of commerce
which is apparently of such great antiquity. Balfour (1888) reported
from his personal observations on Socotra how the drug was
slowly dried from a watery tâ ye f rhiho through a tâye f gesheeshah,
finally to a hard solid mass, tâyef kasahul, which was exported.
Since Balfour reported the Arabic name of the plant on Socotra to
be Sobr, we find it impossible to distinguish it in old writing from
the true Aloe vera (known variously as Si- ba -ru, Sabhra, Sabr, Saber,
or Sabbara, see below). This vagueness does not allow us, for
example, to distinguish between true yellow - flowered Aloe vera



The oldest known illustration of Aloe is this very clear
representation of Aloe vera in the Codex Aniciae julianae.
This parchment herbal was made at Constantinople about 512
A.D. and preserves for us the medical plant writings of Diosco-
rides in the First Century A.D. The original of this "Codex
Vindobonensis" is preserved in the Osterreichische National -

bibliothek, Vienna.
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and red -flowered Aloe perryi when we are told that Queen Nefer-
titi bathed in Aloe juice. Therefore, whenever the name Aloe vera
is used in the present article, there is a possibility that some of the
plants were actually the red -flowered Aloe perryi unless specifi-
cally designated true Aloe vera or yellow -flowered Aloe vera in the
passage concerned.

To complicate matters further, Moldenke (1954) in treating
economic plants of the Bible, used the name Aloe succotrina for
the red -flowered Socotra Aloe and identified it as the Aloe brought
by Nicodemus together with Myrrh for preserving the body of
Christ (John 19:39). Actually, Aloe succotrina has been shown to
be a species from South Africa, so that Nicodemus would have had
to have brought either Aloe vera or Aloe perryi. Since there is no
evidence that "Cape Aloes" from South Africa) were ever used by
the ancients in the Mediterranean region, they are specifically
excluded from the present article. Most authorities agree that the
Aloe of Nicodemus was indeed translated correctly as Aloe, but
that the supposed "aloes" of the Old Testament represented
mistranslations of the Hebrew ahalim, a'haloth, or a'halot, plants
that were not in the genus Aloe.

Although Moldenke (1954) believed that the Aloe of Nico-
demus came from a red -flowered plant, we really do not know this
from the literature. A peculiar custom in ancient Egypt might
relate to flower color. Whereas it is known that Aloe extract was
used as a constituent of the "glue" holding the bandaging on
mummies, and Aloe fiber was even used for weaving the bandag-
ing covering the mummy of Ramses II, it eventually became
customary for Egyptians to dye the [non -Aloe -fiber] covering
around a male mummy red and that around a female mummy
yellow (Baumann, 1960: pg. 86). If such dying symbolically substi-
tuted for Aloe or re- inforced the symbolism of Aloe, it would relate
to the two kinds of Aloe (red and yellow) which were used in the
Mediterranean. Does the yellow- flowered plant have any signifi-
cance for women? Well, Aloe vera was indeed long used for treat-
ing amenorrhea, and by several reports quite effectively. Needless
to say, countering of this disorder would transform a reproduc-
tively sterile woman into one capable of bearing children. Here
would be a strong link of Aloe with renewed life! Could it be
possible that yellow -flowered Aloe vera was cultivated at home by
women to use as a fresh gel in the household, and the red -flowered
Aloe perryi used as a dried drug often away from home by men,
perhaps for battle wounds?

Some Details of History, Folklore and Medicine
According to Coats (1979), ancient Egyptians referred to

Aloe vera as "The Plant of Immortality." Calligraphic repre-
sentations of it occur on temple walls and tombs of ancient
Egypt. Living plants of Aloe vera are said to have been tradi-
tional gifts brought to funerals of pharaohs "to see them off to
their final resting place." It is thought that "Aloes were planted
around the pyramids to mark the pharaohs' paths to the Land
of the Dead" (Coats, 1979). The Egyptian queens Nefertiti and
Cleopatra are said to have taken frequent baths in Aloe vera
juice.

Use of Aloe vera by man appears to be very ancient. Referen-
ces to it many thousands of years old were uncovered by R.
Campbell Thompson when he studied the cuneiform writings
on hundreds of clay tablets in the library of ancient King
Assurbanipal of Assyria. It should be remembered that the
dawn of recorded history occurred five millenia ago (3000 B.C.)
when the Sumerian civilization (in the region of present -day
Iraq) developed a means of marking on moist clay tablets with
a reed stylus to produce such cuneiform writings. In Thomp-
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son's (1949) Dictionary of Assyrian Botany we learn that the
ancient Akkadian texts, fully four millenia old, referred to
Aloe vera by the name Si -ba -ru speaking of it as the plant "for
adornment of the door." Clearly from Si -ba -ru must have come
the Syrian and Arabic names for the plant, Sabhra and Sabr,
respectively.

Reynolds (1966) passes on the information that the modern
Egyptian name is Saber, Sabr, or Sabbara, translated as meaning
"endurance" or "bitter medicine," and that it is a "common
custom in Cairo ... to hang an aloe plant over the door of a
house, particularly that of a new house. This is regarded as a
charm to ensure long and flourishing lives for the inmates.
The aloe plant thus hung will live for some years and even
flower." How fascinating that Aloe has continued to be used as
a door plant for a minimum of 4,000 years! Today, of course,
through the warmer countries of the world, Aloe vera is grown
directly by the door closest to the kitchen so that in case of
burns while cooking or injuries due to spattering grease, a leaf
can be broken off to be split open and rubbed on the injured
spot! We naturally wonder if the Akkadians didn't make sim-
ilar concrete use of their "symbolic" door plant!

From the writings of Pedianos Dioscorides we have an excel-
lent account of the medicinal use of Aloe vera in the First
Century A.D. Dioscorides was a Cilician surgeon who accom-
panied Roman armies in the Mediterranean and Asia Minor,
collecting drug plants and becoming the foremost authority
on pharmacognosy for the entire 1,500 year period following
the birth of Christ. His own Materia Medica in five books was
written about 65 A.D. but was copied and re- copied in various
versions all the way to the Seventeenth Century. From the
English translation by Goodyer in 1655 (cf. Gunther, 1934) it is
clear that Dioscorides knew of using Aloe for "conglutinating
of wounds," countering or "binding" dysentery, cleansing the
stomach, stopping the spitting of blood, and curing jaundice.
He noted that although a strong dose could be used to purge
the bowels, when "mixed [in lesser dosage] with other purging
medicines it makes them less hurtful to the stomach." He
recommended it particularly for healing genital sores and
condyloma, "chapping of the seat," and hemorrhoids. Further-
more he claimed that it took away "blacks and blues," assuaged
itching, prevented hair from falling out, and was good for the
tonsils, gums and "all griefs in the mouth."

Today Aloe vera is used around the world internally and
externally for many of the same complaints listed by Dio-
scorides. Although we may not be as sure as Dioscorides that it
can be used to prevent the loss of hair, its effectiveness in
"stopping the spitting of blood" jibes with what we know about
its present popularity for alleviating bleeding ulcers. Just as
Dioscorides knew of its use for helping the stomach, today we
know that it does this by coacervating pepsin. In its coacer-
vated form pepsin remains inert if the stomach contains no
food. Upon eating, however, and particularly on introduction
of protein into the stomach, coacervation reverses so that
proteolytic activity begins. Aloe vera gel contains mannuronic
and glucuronic units which act like the natural glucuronic
units of the gastric mucin to detoxify and heal. It has been
likened to a "bandage" for the stomach lining. Activity of Aloe
vera in "conglutinating of wounds," although perhaps not
expressed in our present -day best medical terminology, relates
directly to the tissue -culture findings by Winters et al. (1981)
that an Aloe vera extract promoted "attachment and growth of
human normal, but not tumor, cells" and enhanced healing of
wounded cell monolayers. Classical use of the plant for heal-
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ing of sores, chapping, dermatitis and black and blue areas,
correlates nicely with its topical (surface) use today for similar
skin problems. It apparently has been effectively used for
Herpes infection (Coats, 1979).

In its medicinal uses it is necessary to distinguish between
fresh gel and dried drug. Since the drug was exported from the
Mediterranean or Gulf of Aden by sea, it was necessary to
concentrate it for ease of shipment. The common practice was
often to let cut leaves drip into a goat -skin in the sun, evapora-
tion taking place as the drug accumulated in the skin [see
Hodge (1953) for a South African parallel for "Cape Aloes" and
also the discussion above on the Socotrine Aloe]. Gathercoal
and Wirth (1947) illustrated three typical containers used in
shipping the dehydrated drug in recent times. One is a round
gourd. The other two are hideous sewed -up monkey skins. The
primary use of the dried drug has been as a laxative since many
of its other properties have been lost or weakened in the
desiccation process.

Coats (1979) referred to the dried drug as a "black viscous
cathartic." It has survived chiefly today in veterinary medicine
to cleanse horses of parasitic worms or to make poultices for
hobbled animals. Hodge (1953) thoroughly reviewed collec-
tion and processing to produce the dried drug and its refined
pentoside "aloin." Persons familiar with the dried product have
questioned the effectiveness of Aloe vera for many of the uses
described by the ancients. The reason for the disagreement is
that the ancient practitioners used fresh gel for many com-
plaints, a quite different drug, as clear as water and only
slightly bitter to the taste.

A rebirth of interest in qualities of the fresh gel came earlier
this century when it was discovered that it could be used to
alleviate and heal radiation burns from X -rays or nuclear
accidents. It soon became apparent to modern medical researchers
that fresh gel had healing properties based on a chemistry not
seen at all in the dried drug. Eventually chemists learned how
to stabilize the gel so it could be bottled with a reasonably long
shelf life.

Registered Pharmacist Bill Coats (1979) published the book
The Silent Healer: A Modern Study of Aloe Vera. It contains
numerous medical reports by doctors with M.D. degrees
recounting the effective treatment of both internal and
external conditions using fresh or chemically stabilized Aloe
vera gel. The gel is characterized as a demulcent compound of
mannuronic and glucuronic units combined to form a polymer
of high molecular weight. Gel used medicinally should come
from old mature leaves three or four years old. Such gel has
been shown to have antibiotic, astringent, coagulating, pain
inhibiting, and growth stimulating properties.

There has been considerable recent research into bacterici-
dal and antiprostaglandin effects (Cera et al., 1980), cathartic
effects (Ishii et al., 1981), analgesic effects (Gupta et al., 1981),
and bradykininase activity (Fujita et al., 1976). Saito et al.
(1982) found that a glycoprotein or "lectin" in Aloe (aloctin A)
markedly inhibited adjuvant arthritis and carrageenan-
induced edema in rats. Winters et al. (1981) centrifuged Aloe
extract to obtain fractions high in Aloe lectin. These fractions
inhibited human tumor cell growth in tissue culture but
promoted growth of human normal cells in tissue culture!

Aside from use by the ancients as a door plant, as an external
unguent, and as an internal medicine, Aloe vera was also used
in embalming (although this has been questoned, see below),
as a cemetery plant, and as a boundary marker. According to
Reynolds (1966) Aloe is grown in Egypt "especially as a ceme-
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tery plant, and sometimes as boundary marks demarcating
fields." In addition it is said to be a common practice to plant
Aloe on graves in Somalia, Ethiopia, and Eritrea.

The insatiable curiosity of the famous Roman scholar Caius
Plinius (= "Pliny ") led to his discovery that Aloe was one of the
ingredients used for embalming by the ancient Egyptians.
Although he duly recorded this fact, it has been repeatedly
questioned by historians and Egyptologists who note that it is
absent from the recipe which the early Egyptians were sup-
posed to have used. Coats (1979) intimated that the embalmers
had a motive for being vague or misleading in revealing trade
secrets. Since modern researchers have failed to duplicate the
results of the ancients using their supposed recipes for
embalming, Pharmacist Bill Coats (1979) believed that their
"secret" was the very Aloe plant "whose drawings adorn the
sides of sarcophagi." If anyone had the zeal and curiosity to
have discovered an embalming secret in the First Century
A.D., it would have been Pliny. The degree to which he
searched for knowledge to satisfy his insatiable curiosity is
seen in the manner of his death: On hearing that Mt. Vesuvius
was beginning to erupt (in the year 79 A.D.) he rushed there to
study it. Curiosity killed the famous Pliny. He died in the
eruption.

Confirmation that Aloe was indeed used in embalming
comes from the New Testament. In John 19:39 we learn that
after Christ was crucified, Nicodemus brought a mixture of
myrrh and Aloe, about a hundred pounds, so that the body
might be preserved. Baumann (1960) has uncovered some
other interesting details. Since a common technique for apply-
ing Aloe vera to wounds and burns has been to split a leaf
longitudinally and tie it (pulp side inward) over the afflicted
part, any covering of a corpse with Aloe leaves would be
extremely symbolic, signifying a rebirth, a veritable healing of
death into life. In this regard, we find that the wrappings
covering the mummy of Rameses II consist of cloth bandages
made from fine woven Aloe fibers (Baumann, 1960: pg. 87).
Dyeing of wrappings over male mummies red and female
mummies yellow could possibly have some tie -in with flower
colors of the two types of medicinal Aloe used in the Mediter-
ranean region (see discussion in section above).

Plant Symbolism and a Holistic
Theory for Aloe vera

Should we search for a connection among the seemingly
divergent uses of Aloe vera for medicine, embalming, hanging
over the door, planting on graves and marking boundaries?
What common thread or symbolism is present? Throughout
history man has chosen to express himelf by means of plants.
For example, an olive branch was long ago chosen as a symbol of
peace, most likely because a victorious army once came home
to Rome bearing cuttings for propagating and establishing the
olive in Italy, heralding an outlook for peace and prosperity.
(The tree had not grown in Italy until after the reign of Tarqui-
nius Priscus according to Pliny!). Laurel leaves signify victory because,
being aromatic, they were used by the Romans for purification
after battle as if their perfume would not only cleanse the air
but would remove the taint of killing as well.

Bearing such symbolic plant associations in mind, we can
work backward to reconstruct a holistic theory for Aloe vera
based on observations of its use. At an early date in the
Mediterranean, Aloe was chosen to represent "enduring life"
because it has the characteristic of continuing to live, and
even bloom, after being completely separated from the soil.
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This characteristic surely parallels and symbolizes man's reli-
gious belief and desire to live on after his physical body has
terminated its earthly existence! No small wonder indeed that
ancient Akkadians hung the plant over their doorways and
Egyptians wanted it to be planted on their graves!

The very word "aloe" in ancient Greece meant "a threshing
floor." At such a place man's staff of life (foods was separated
from the bodies of crop plants which had been bound to the
soil and now were dying in order to sustain life! Indeed, the
Aloidae (a plural form of "aloe') in Greek mythology were the
twin sons of Aloeus or Poseidon, representing the spirits of the
fertile earth and agriculture!

The threshing floor is the place where the "good" instilled in
plants is secured for man! Plants rooted in the soil function to
intercept heaven -sent energy from beyond the earth (sunlight/
and link it with two of the most abundant earthly materials
(air and water/ to produce sugar through photosynthesis. Later,
plants convert the simple sugar into protein, starch, oil, wood,
fiber, -indeed either directly or indirectly into the complete
spectrum of good products or "goods" which man is provided
on earth! But one "good" from Aloe stands out. Scientists now
believe that the curative power of Aloe as a medicine or
unguent is based on a different concept than that of common
drugs. Aloe is a living drug! In simple language, the gel contains
highly reactive living sugar -based molecules which injured
tissues in our bodies can accept and use for cleansing and
making repairs! Thus, tissues on the verge of death might
literally be resurrected and restored to health. Of particular
significance is the finding by Winters et al. (1981) that lectins
from Aloe promote growth of normal human cells but inhibit
growth of human cancer cells!

Just as plants have figured prominently in the symbolism of
life and death in the Greek and Roman civilizations, so too
were they important in religious symbolism of ancient Egypt
and later Israel. For example, the concentric spheres of heaven,
earth and hell were represented in Egyptian religious belief by
the symbolism of concentric layers in the common onion
(Album cepa). Numerous authors point out that when Moses
led the Israelites out of Egypt he took with him a certain
amount of Egyptian heritage he was raised in the daughter of
Pharaoh's household, after all!) which may have been incorpo-
rated to varying degrees in his teachings. Perhaps it is no
coincidence that monotheism, universalism, tolerance, a
belief in the goodness of nature, and a desire to live in truth,
were characteristic not only of the Desert Amarna Age under
the Egyptian Pharaoh Akhenaton beginning in 1380 B.C., but
also of the beliefs and teachings of Moses a hundred years later
during the Exodus beginning in 1280 B.C.! All authorities agree
that intervening between the Amarna Age and the Age of
Moses was a repression period during which the beliefs of
Akhenaton were repudiated by the rulers of Egypt, particularly
the priests of Amun who believed in multiple gods. Even
Akhenaton's son -in -law Tutunkhaton expunged the name of
the God of light (Atom from the end of his own name when he
changed it to Tutunkhamun.

Moldenke (1954( pointed out that the use of Aloe by
Hebrews for preparing a body for burial came from "their long
captivity in Egypt" where they learned of its qualities. We are
often reminded by scholars that Akhenaton's "Hymn to Aton"
bears a striking resemblance to the 104th Psalm of the Bible. In
it Aton is characterized as the one supreme God who gave life
to the creatures of the earth and who is embodied in the
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sunlight which gives energy to continue life! Akhenaton's wife
Nefertiti is said to have frequently bathed in Aloe juice (Coats,
1979) and we believe that Akhenaton himself had a very good
appreciation of the plant's qualities and symbolism.

Of particular interest to readers of Desert Plants journal is
the fact that scholars consistently link monotheism of the
Desert Amarna Age and the Age of Moses with deserts, sun-
light and desert plants. Akhenaton is said to have been the first
monotheist (Breasted, 1929/ and to have arrived at his belief by
appreciating the relation of light to life and good. Akhenaton
abruptly severed himself from traditions of earlier pharaohs by
acknowledging only one true God and by frequently append-
ing to his own name a phrase signifying "living in truth,"
indicating a scientific approach not seen in the other pharaohs
before or after his reign. In each new verse of the Aton hymns,
we find reference to concepts which we know today as "photo-
synthesis," or "sexual reproduction," etc. In one, we read how
the flowers are "drunken" in the intoxicating radiance of Aton,
and in another how Aton's light extends even into the "midst
of the great green sea." If Akhenaton's beliefs had little per-
manent effect in Egypt, where the priests of Amun regained
control, perhaps they did enjoy some acceptance among peo-
ple whom the priests of Amun could not control!

Just as Akhenaton spoke of flowers "intoxicated" with the
radiance of Aton, so too did Moses soon speak of a bush
burning with the presence of Yahweh in the desert at Mt. Sinai.
And as Akhenaton had the names of the other gods erased
from the temple walls, so too did Moses bring down from Mt.
Sinai the First Commandment "Thou shalt have no other gods .
.." Certainly the God of Moses was the God of light! From the
above discussion of Akhenaton and Moses we see a common
belief in the goodness of light, plants, photosynthesis, and a
bountiful earth and agriculture, - a belief which jibes well
with the concept of the Aloidae and the threshing floor dis-
cussed previously, but rather at odds with religions which
worshipped images of animals or people. According to Breasted
(1929) the concepts of Akhenaton and the goodness of nature
are recapitulated not only in the Hebrew Psalms and Christ's
Sermon on the Mount ( "Consider the lilies ... "), but also in the
writings of Wordsworth and later poets.

Although the ancients were not able to explain phenomena
such as photosynthesis or the pharmacological mode of action
of Aloe in the same terms which we use today, we think that
some of the ancients who "lived in truth" did indeed compre-
hend such concepts. We believe that they knew that plants
draw energy from the heavens (light) and transfer good to man.
With regard to Aloe vera they observed that it quickly coagu-
lated at the site of injury and healed very rapidly. From such
observations it must have been a simple matter to have rubbed
Aloe gel on cuts and burns to promote healing. Companies
selling Aloe vera products today claim that the plant was
taken directly from the Garden of Eden (Coats, 1979) and
slowly planted around the world as mankind multiplied.
Interestingly, our present knowledge of Aloe vera, beginning
in Mesopotamia, spreading through the Mediterranean, and
then around the world, is really not at odds with this colorful
"Garden of Eden" claim! When Columbus set sail toward
America, he wrote in his diary "All is well, Aloe is on board." In
the New World, Aloe, because of its usefulness and probably
because of its symbolism, was one of the first plants to be
cultivated at each of the Spanish missions. The permanence of
Aloe plants at such sites today is striking and their mass
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flowering at Easter quite beautiful. Over the years people have
taken innumerable offsets from these for planting.

Succulent plants in general have been involved with the
concept of resurrection and everlasting life. Taxonomically
quite unrelated to Aloe but with a similar succulent
physiognomy is the genus Sempervivum, a name which means
"live forever," or the species Lewisia rediviva, meaning "the
Lewisia which resurrected." The latter succulent, collected in
America on the Lewis and Clark expedition, "came back to life"
after having been made into a herbarium specimen. It actually
bloomed while botanists were studying its presumed corpse
on a herbarium sheet!

Desert plants such as succulents) must be tenacious of life
because of their mode of living. As desert plants survive in a
struggle against the hardships of aridity, they symbolize an
overcoming of adversity on a broader scale. Rugged and hardy
desert plants represent a beautiful marriage between the soli-
tude of the desert and an irrepressible vegetative life force. No
wonder indeed that world religions were born in desert places
conducive to meditation and reflection, conducive to decision-

making, conducive to strengthening, bronzing and matura-
tion, - places where the innocence and passiveness of plant
life could be assimilated and opposite qualities inferred, -
where simple values relating to human earthly existence
could be extrapolated.

The use of Aloe vera to mark the boundaries of Egyptian
fields, mentioned in a section above, may have been utilitarian
but also seems symbolic. Once established, these boundary
lines would be rather permanent due to the tenaciously long
life and clonal growth of Aloe. There would have been little
chance of the plants dying for lack of watering or insufficient
care by man. But perhaps also we should remember that Aloe
vera, the threshing floor, and the cemetery each represent
important boundaries. In this case, boundaries between the
physical body and a subsequent existence. Also, Aloe gel has
stood at the boundary between sickness and health. If Aloe
plants were indeed planted "to mark the pharaoh's path to the
Land of the Dead," they were indeed being used as boundary
plants between two worlds: the physical world and the
hereafter.

Interestingly, it is crassulacean acid metabolism (see Desert
Plants 5:192) which not only is ultimately the source for
"repair molecules" in Aloe, but also dictates that the outer
covering of the plants must always maintain a healthy integ-
rity to prevent desiccation and death of the plant! In other
words, it is indeed the same quality in Aloe which causes it to
have an enduring life when injured or subjected to adverse
conditions, that also can be used by man to stay healthy, to
prolong life, to maintain the integrity of a buried body, and to
envision death as a harvest of good to be perpetuated in ever-
lasting life. Death is the threshing floor, a boundary, and
perhaps ironically to some, the symbol of renewed life. The
symbolism of Aloe very beautifully embodies all aspects of
this concept.

Postscript
After writing the above article, we wondered if we might

have overstated the significance of the "threshing floor" and /or
cultural connections relating to Egypt, Moses, the Burning
Bush, monotheism, and the Israelites. To check on this we
reviewed some of the many fragments of history recorded in
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biblical scripture. We were amazed at how closely this history
seemed to verify our previous correlations.

Jacob (also known as "Israel "), who was the father of the 12
tribes of Israelites, died in Egypt. The embalming process took
40 days with a period of national mourning of 70 days ( Genesis
50: 2 -3). Israel's son, Joseph, who had promised to bury his
father in Canaan, the father's former homeland, received
Pharaoh's approval to take a funeral caravan all the way across
the Jordan River to Atad ( "the threshing place ") where a great
and solemn funeral service was held, with all of Pharaoh's
senior officers of the land in attendance (Genesis 50: 7 -9). The
local residents, the Canaanites, were so impressed that they
renamed this threshing floor "Abel- mizraim" (= "Place of the
Egyptian Mourners.").

Israel's son Joseph married an Egyptian girl, Asenath,
daughter of Potiphera, the priest of the Sun God at Heliopolis
(Genesis 41: 45 -50). According to Genesis 48: 4 -5, the two sons
of Joseph and Asenath were accepted by Israel as equal to his
own, so that their descendants (tribes) were bequeathed (and
eventually occupied/ two of the 12 parts of the Promised Land!

Moses was descended from Joseph's brother Levi (Exodus 2:
1 ). Pharaoh's daughter adopted him as her own son after
drawing him as a baby out of the Nile where he was floating in
a little reed boat. His name was actually Egyptian, his adopted
mother using the word moses (also seen in the name of
Pharaoh Thutmosis) to indicate "drawn out [of the water]."
Since Moses was 83 years old when he led the Israelites out of
Egypt in 1280 B.C., he would have been born during the reign of
Tutunkhamun. We can probably equate Tutunkhamun with
the Pharaoh mentioned in Exodus 1:8 who felt no obligation to
Joseph after the previous Pharaoh had died and Rameses II as
the Pharaoh of the Exodus who pursued the Israelites into the
sea. When Moses was born, Tutunkhamun was too young to
have had a daughter old enough to become Moses' adopted
mother. His adopted mother must have been, therefore, one of
the six daughters of the previous pharaoh, Akhenaton! Just as
Akhenaton's monotheistic glimpse of a one true God had been
unique in ancient Egypt, so too was Moses' revelation con-
sidered by his people to be unique. Moses was the only prophet
of the Israelites of whom they said that God talked to face to
face (Deuteronomy 34: 10). We believe that his characterization
of God's presence as a desert plant burning in the wilderness
( "the Burning Bush ") was equivalent to Akhenaton's charac-
terization of the same phenomenon using a symbol of the sun
with sunrays terminating in hands touching the earth (energy,
photosynthesis, etc. ) and that neither Moses nor Akhenaton
intended to worship the objects themselves as gods. Regardless
of interpretations, Moses was truly the one who introduced
the Israelites to Yahweh, the one true God. From Joshua 24: 14
it appears that the Israelites were not truly monotheistic until
they left Egypt: "Put away forever the idols which your
ancestors worshipped when they lived beyond the Euphrates
River and in Egypt. Worship the Lord alone."

We are further convinced of the symbolic importance of "the
threshing floor" as a boundary between previous earthly life
and future life by 1 Chronicles 21: 14 -16, where we read that
God decided to call back an angel he had sent to destroy
Jerusalem. The angel was standing on the threshing floor of
Ornan, "standing between heaven and earth with his sword
drawn, pointing toward Jerusalem. King David bought the
threshing floor from Ornan. On this holiest spot, where
Jerusalem had been spared, David vowed "Right here at
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Oman's threshing floor is the place where I'll build the Temple
of the Lord..."

Actually, it was not until the next generation that the great
temple was built by King Solomon (who happened to be
married to Pharaoh's daughter). It reportedly took 153,600
workers to build the temple, the center of which was the 30 ft.
x 30 ft. spot to be known as the "Holy of Holies," the threshing
floor at the top of Mount Moriah in Jerusalem where the Ark of
the Covenant would be placed enclosing the tablets of Moses
upon which the Ten Commandments were written!

This holy spot was an important cornerstone of western
civilization, where laws of good were enshrined. It was
destined to be the place of judgement where a person accused
would be found guilty or not guilty just as at the threshing
floor the good was separated from the chaff! It was a forerunner
of our present court system.

Thus, we see that the Aloe, symbol of the threshing floor, is
not only a strong symbol of good, but a powerful reminder of
the agricultural goodness which through photosynthesis
secures for man the benefits of energy from beyond our earth,
and furthermore that the agency (threshing floor) by which
good is separated or defined, is itself quite holy.
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Southwestern
Sand Dunes
(continued from page 42)

inland dune endemic - Astragalus magdalenae var. peirsonii.
A similar mechanism may account for the existence of other
coastal /inland dune species pairs, notably Croton Cali f ornicus
Muell. Arg. /Croton wigginsii Wheeler, Helianthus niveus
(Benth.) Brandegee ssp. niveus /Helianthus niveus ssp. teph-
rodes (Gray) Heiser and Palafoxia linearis (Cay.) Lag. /Palafoxia
arida var. gigantea. It is worth noting in passing that many
dune endemics belong to aggressive, genetically plastic fami-
lies such as the Compositae, Gramineae and Leguminosae
(Bowers, 1982).

This is not meant to suggest that all sand dune endemics
evolved during and since the Pleistocene. It seems likely that
some evolved earlier on riverine dunes or on dunes adjacent to
large inland lakes. Swallenia alexandrae, a grass genus endemic
to the Eureka Dunes, is most closely related to halophytic
genera such as Distichlis, Jouvea and Monanthochloe (Soder-
strom & Decker, 1963), a fact which argues for an origin along
the margin of an inland lake.

Increased stature of dune plants takes two forms. The first is
gigantism, noted on dunes for Larrea tridentata (Moc. & Sesse)
Coy. ssp. arenaria L. Benson ( Feiger, 1980; Benson & Darrow,
1981), Petalonyx thurberi Gray ( Feiger, 1980), Atriplex canes -

cens (Pursh) Nutt. (Stutz et al., 1975) and others. Gigantism in
dune plants may be an adaptation permitting the plants to grow
quickly enough to outstrip sand accumulation and may also
reflect the favorable moisture conditions of active sand (Bow-
ers, 1982). The second form of increased stature seen in dune
plants is woodiness in usually herbaceous taxa. Carlquist
(1974) suggested that insular woodiness is due to several fac-
tors, including release from seasonality, absence of large ver-
tebrate herbivores and shifts in ecological preference due to
presence of unoccupied niches. On southwestern dunes, insu-
lar woodiness is seen in Helianthus niveus ssp. tephrodes,
Astragalus magdalenae var. peirsonii, Wyethia scabra var.
attenuata and Palafoxia arida var. gigantea.

Competitive ability in dune plants has not been studied.
However, the absence of dune -adapted plants from non -dune
habitats implies that such plants are unable to compete in
non -dune environments. Root systems of some dune endemics
have evolved to maximize anchorage rather than water
uptake. The roots of such plants are vine -like and probably
lack sufficient surface area to compete for water with fibrous-

rooted non -dune plants in fine -textured desert soils.
Although Carlquist (1974) found that dispersal patterns in

insular floras were different from those in mainland floras
-including loss of dispersibility in taxa which are adapted for
long- distance dispersal on the mainland - I have not been
able to find similar patterns in dune floras. Seeds of most
perennial dune endemics disperse only a short distance away
from the parent plant, but this does not constitute evidence for
loss of dispersibility. These species are more likely to be
perpetuated by seeds which remain in the habitat to which
they are best adapted (Bowers, 1982). Seeds of some dune

endemics are adapted for long- distance dispersal by wings -
Dicoria canescens T. & G., Abronia crux -maltae Kell., Abronia
villosa Wats. - or by parachute -like pappuses - Chaetadelpha
wheeleri Gray, Senecio riddellii T. & G., Erigeron bellidiastrum.
As one would expect, such species occur on several dune
fields.

Whether dunes are islands in the sense of MacArthur and
Wilson (1967) or Carlquist (1974) remains unresolved since
dune floras display characteristics of both insular and main-
land floras. Dune floras could develop additional insular char-
acteristics with increasing age. As they stand now, full
expression of insular qualities has been impeded by close ties
with the desert mainland.

Conclusions
The floristic composition of southwestern sand dune floras

is strongly influenced by the regional flora in which each dune
field occurs. Species characteristic of the Mohave Desert are
important in Mohave Desert dune fields, those of the Chihua-
huan Desert in Chihuahuan Desert dune fields, etc. Each dune
flora is highly individualistic in its geographic composition,
and can be characterized by three to five geographic components.

Endemic species comprise a much higher proportion of dune
than of non -dune floras in southwestern deserts; this is due to
adaptation of plants to the dune environment and to other
factors such as isolation.

With few exceptions, southwestern dune floras are dissimi-
lar in species composition. Possible reasons for this dissimilar-
ity are the distribution of dune fields among the four North
American deserts; localized recruitment of species from adja-
cent, non -dune habitats; the recent formation of southwestern
dune fields; and edaphic barriers to establishment.

Over 500 species of vascular plants occur on the eight dune
fields studied. Eighty -three species were found to occur on
three or more of the eight dune fields or to be endemic to sand
dunes. These plants fell naturally into an eastern dune flora of
36 species which is characteristic of southwestern sand dunes
east of 113° Longitude and a western dune flora of 57 species
which is characteristic of southwestern sand dunes west of
113° Longitude.

The evidence for dunes as island -like enclaves is contradic-
tory. In some ways - higher rates of endemism, fewer species
per unit area, rapid evolution of dune -adapted taxa and devel-
opment of insular woodiness - sand dune floras resemble
those of oceanic islands. In other ways, dune floras are practi-
cally indistinguishable from the surrounding mainland floras
from which they are evolving.
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Appendix 1. Geographic components of eight South-
western dune floras.

Mohave an - Mainly within the Mohave Desert in south-
ern California, southern Nevada, northwestern Arizona and
southwestern Utah; includes species such as Psorothamnus
polyadenius (Torr. ex Wats.) Rydb., Chrysothamnus panicu-
latus and Brickellia incana Gray.
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Table 4a. Plants characteristic of southwestern sand dunes east of 113° Longitude.

*Andropogon hallii Hack.

*Artemisia filifolia Torr.

*Asclepias welshii Holmgren & Holmgren
*Astragalus striatiflorus M. E. Jones

Atriplex canescens (Purshl Nutt.
Bouteloua barbata Lag.

*Calamovilfa gigantea (Nutt.) Scribn & Merr.
Dalea lunata Spreng. var. terminalis (Jones) Barneby

Dithyrea wislizenìi Engelm.

Ephedra torreyana Wats
Ephedra trifurca Torr.

*Erigeron bellidiastrum Nutt.

Eriogonum inflatum Torr & Frem.

*Heliotropium convolvulaceum (Nutt.) Gray
Lycium berlandieri Dunal

*Muhlenbergia pungens Thurb.
Oenothera pallida Lindl. ssp. runcinata ( Engelm.)

Munz & Klein
Oryzopsis hymenoides (Roem & Schult.) Rick.
Pectis papposa Harv. & Gray

*Petalostemum compactum ( Spreng.) Swezey

*Poliomintha incana (Torr.) Gray
Prosopis glandulosa Torr. var. torreyana ( Benson) M.

C. Johnst.

*Psorothamnus scoparius (Gray) Rydb.

*Redfieldia flexuosa (Thurb.) Vasey

*Reverchonia arenaria Gray

Rhus trilobata Nutt.
Salsola kali L.

*Senecio riddellii Torr. & Gray

Sphaeralcea ambigua Gray
Sporobolus cryptandrus (Torr.) Gray

Sporobolus flexuosus ( Thurb.) Rydb.

. Sporobolus giganteus Nash.

Thelesperma megapotamicum (Spreng.l Kuntze

Tidestromia lanuginosa (Nutt.l Stand).
°`Wyethia scabra Hook. var. attenuata W A. Weber

Yucca elara Engelm.

*Dune endemic

* *Narrow dune endemic

x

C

3

x

x

x x

x

x

x

x

x

x x

x x x

x x

x

x

x x

x

x

x

x

Sonoran - Mainly within the Sonoran Desert and including
the Colorado Desert along the Lower Colorado River Valley;
in southern Arizona, southeastern California, northern
Sonora and Baja California; includes species such as Olneya
tesota Gray, Cercidium floridum Benth. and Brandegea bige-
lovii (Wats.) Cogn.

Sonoran -Mohavean - Occurring locally in or through-
out both deserts; includes species such as Encelia farinosa
Gray, Atriplex polycarpa (Torr.) Wats. and Asclepias sub -
ulata Decne.

Intermountain - Mainly in the Great Basin Desert
between the Sierra Nevada to the west and the Rocky
Mountains to the east; in Nevada, Utah, northern Arizona
and southeastern Idaho; includes species such as funiperus
osteosperma (Torr.) Little, Artemisia tridentata Nutt. and
Abronia turbinata Ton.

Chihuahuan - Mainly within the Chihuahuan Desert
from western Texas to Arizona and in northeastern and
north -central Mexico; includes species such as Croton dioi-
cus Cay., Maurandya wislizenii Engelm. and Bahia absinthi-
folia Benth.

Southwestern - At lower elevations locally or throughout
the greater Southwest; in Utah, Nevada, Colorado, New
Mexico, west Texas, Arizona, southern California and
northern Mexico; includes most species which occur in two
or more of the first five categories, such as Opuntia leptocau-
lis DC., Ephedra viridis Coy. and Acacia greggii Gray.

Plains - Mainly within but not restricted to the Plains
states east of the Rocky Mountains: eastern Idaho, eastern
Colorado, Nebraska, Kansas, North and South Dakota,
Oklahoma, Texas panhandle and eastern New Mexico;
includes species such as Bouteloua gracilis (H.B.K.) Lag.,
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`Abronia villosa Wats. var. villosa

Ambrosia dumosa (Gray( Payne
'Ammobroma sonorae Torr.
'Astragalus insularis Kell. var.

harwoodii Munz & McBurney
`Astragalus lentiginosus Dougl. var.

borreganus Jones

"Astragalus lentiginosus Dougl. var.
mitans Barneby

Astragalus magdalenae Greene var.
peirsonii (Muez & Barn.) Barneby

Atriplex canescens (Pursh) Nutt.
Baileya pleniradiata Harv. & Gray

Bouteloua barbota Lag.

Camissonia boothii (Dougl.) Raven ssp.
condensata (Munz) Raven

' Camissonia claviformis (Torr. & Frem.)

Raven ssp. yumae )Raven) Raven
*Chaetadelpha wheeleri

'Chamaesyce ocellata (Dur. & Hilg.) ssp.
arenicola (Parish) Thorne

"Chamaesyce platysperma

(Engelm.) Shinners

Chorizanthe brevicornu Torr. ssp.
brevicornu

Chorizanthe rigida (Torr.) Torr. & Gray

*Croton californiens Muell. Arg. var.
mohavensis Ferg.

'Croton wigginsii Wheeler
Cryptantha angustifolia (Torr.) Greene
Cucurbita palmate Wats.
Dalea mollis Benth.

*Dicoria canescens Torr. & Gray ssp.
ceneerros

*Dicoria canescens Torr. & Gray ssp.
clarkae (Kenn.) Keck

'Dimorphocarpa pinnatifida Rollins
Ephedra trifurca Torr.

'Eriogonum deserticola Wats.
Eriogonum inflatum Torr. & Frem.
Gerces canescens Torr. & Gray

'Dune endemic
**Narrow dune endemic

C

x

x

x

x

x

x

X X

X X

X X

X X

x

X X

x

X X

X X

X X

X X

X X

x

x

X X

X X

x

X X

O

x

x

x

x

x

x

x

x

x

s

*Helianthus niveus ( Benth.) Brandegee
ssp. tephrodes (Gray( Heiser x

*Heliotropium convolvulaceum )Nutt.) Gray

Hesperocallis undulata Gray x

Hilaria rigida (Thurb.) Benth.
*Larrea tridentata (Moe. & Sesse) Coy.

ssp. arenada L. Benson

Larrea tridentata (Moe. & Sesse) Coy.
ssp. tridentata

"Lupinus shockleyi )Wats.)

*Machaeranthera leucanthemifolia (Greene)
Greene

Mentzelia multiflora Gray ssp. longiloba
(Dari.) Thompson & Zavortink

"Oenothera avita W Klein ssp.
eurekensis (Munz) Klein

Oenothera deltoides Torr. & Frem.

ssp. deltoides
Oryzopsis hymenoides

(Roem. & Schult.) Rick.

Palafoxia arida Turner & Morris var. arida x

"Palafoxia arida Turner & Morris var.
gigantea (Jones) Turner & Mortis

'Panicum urvilleanum Kunth.
Pectis papposa Harv. & Gray
Petalonyx thurberi Gray ssp. thurberi
Plantago insularis Eastw. var.

fastigiata )Morris) Jeps.
Prosapia glandulosa Torr. var.

torreyana(Benson) M.C.Johnst.
'Psorothamnus emoryi )Gray) Rydb.
Salsola kali L.

Sphaeralcea ambigua Gray

'Stillingia spinulosa Ton.
"Swallenia alexandrae (Swallen)

Soderstrom & Decker
Tidestromia lanuginosa (Nutt.) Stand].

'Tiquilia palmen (Gray) Richards.
Tiquilia plicata (Torr.) Richards.

'Triteliopsis palmen (Wats.) Hoover

x

x

x

x

x

x

x

x

Penstemon ambiguus Torr. and Munroa squarrosa (Nutt.)
Torr.

Rocky Mountain - At higher elevations in the Rocky
Mountains and outlying ranges east of the Sierra Nevada -
Cascade chain; includes species such as Eriogonum alatum
Torr., Populus angustifolia and Quercus gambelii.

Western Montane - At higher elevations in the Sierra
Nevada, Rocky Mountains and outlying ranges throughout
the western states and provinces; includes species such as
Arctostaphylos patula, Cryptantha fendleri (Gray) Greene
and Castilleja linearifolia Benth.

Western North America - Throughout the western
states and provinces, mainly from the 100th meridian west;
includes species such as Atriplex canescens, Helianthus
annuus L. and Pinus ponderosa Lawson.

Temperate - Mainly throughout the cooler, moister states

and provinces in North America; includes species such as
Andropogon scoparius Michx., Salix bebbiana Sarg. and
Cyperus schweinitzii.

Introduced -Cosmopolitan - Not native to North
America, or widespread throughout the northern or western
hemispheres; includes species such as Salsola kali L., Tamarix
aphylla (L.) Karst. and Bromus tectorum L.

Latin American - In the southern tier of states and
continuously or disjunctly into Central or South America;
includes species such as Aristida adscensionis L., Solarium
elaeagnifolium Cay. and Panicum hirticaule Presl.

Sand Dune Endemics - Restricted to active or stabilized
dunes, occasionally occurring on sandy soil; includes spe-
cies found on several dune fields, e.g., Psorothamnus emoryi
and Eriogonum deserticola, as well as those known from
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only one, e.g., Wyethia scabra var. attenuata and Asclepias
welshii.

Gypsum Endemics - Restricted to gypsum outcrops or
gypsum sand; also occurring on gypsiferous soils; includes
species such as Bouteloua breviseta Vasey, Nama carnosum
(Woot.) C.L. Hitchc. and Nerisyrenia linearifolia (Wats.)
Greene.
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Abstract
The seeds of Fremont Cottonwood (Populus fremontii) lose

viability within 1 to 5 weeks after dispersal. Moisture stress
induced by osmotic solutions stronger than six atmospheres
both delayed and reduced total germination. Root growth rates
of young seedlings average 6 mm per day. Because of the
limited time of seed viability, a suitable substrate for germina-
tion must occur at or soon after seed dispersal. Also, moist
conditions must persist until seedling roots grow to depths
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where moisture is more constantly available than near the
surface. Keywords: cottonwood, riparian, seed germination.

The collection of data on natural river /floodplain ecosystems
in the Southwest is of immediate concern because they are
rapidly being modified by construction of dams, wells and
irrigation projects, channel alteration, phreatophyte control
projects, and by clearing for agriculture. Additional information
is needed on how these activities modify the environment and
the subsequent effect on germination and establishment of
Fremont Cottonwood.

Both the importance and the diminished extent of riparian
areas of the southwest have been acknowledged (Johnson and
Jones, 1977). This has led to increased emphasis on under-
standing ecological characteristics of major riparian species.
This paper describes some characteristics of one riparian
species, Fremont Cottonwood (Populus fremontii Wats). The
characteristics are: seed viability under various storage condi-
tions, effects of moisture stress on germination, and rates of
seedling root growth. Knowledge of these characteristics is
important for understanding seedling ecology of the species,
which, in turn, increases understanding of the dynamics of the
riparian community as a whole.

Little work has been done on Fremont Cottonwood seed
viability. Horton and Campbell (1974) collected and stored
cottonwood seed at laboratory temperatures of 24 -27° C and
found seeds to be viable for a maximum of 7 weeks.

Seeds of Eastern Cottonwood (Populus deltoides Bartr.),
which occurs in similar habitat in the midwestern United
States, have been more extensively studied. McComb and
Lovestead ( 1954 ) investigated viability of eastern cottonwood
seed under various storage temperatures and humidities (-12 °,
0 °, 5° C and room temperatures; 5 %, 10 %, and 25% relative
humidity). They found viability was best retained at -12° C and
25% relative humidity. Farmer and Bonner ( 1967 ) created
various environmental conditions in germinators, using d-
mannitol solutions to mimic soil moisture stress. They found
chances for successful germination and good early growth to
be optimum at 27 -32° C and at moistures of less than five
atmospheres tension.

Study Area
Three study sites were chosen. The first was a cottonwood

gallery forest in an overflow channel of the Salt River, near
Phoenix, Arizona, approximately 3 km upstream from Granite
Reef Dam. The age class distribution of cottonwoods at this
location was bimodal. When the study was started, large,
decadent trees dominated the population. But during the 2
years of the study, numerous seedlings became established.
Associated species included Willow (Salix gooddingii Ball),
Mesquite (Prosopis juliflora Swartz DC), and a thick carpet of
annual grasses in the spring.

The second study was near the town of Dudleyville,
Arizona, on the San Pedro River, approximately 10 km
upstream of the confluence with the Gila River. Cottonwoods
at this location also were in several age -classes, and the
population as a whole was not decadent. Associated species
included Willow and Tamarisk (Tamarix pentandra Pall).

The third study area was located in Tempe, Arizona.
Fremont Cottonwood trees at this location were selected for
study because they were close enough to the laboratory to
closely monitor phenological development.
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Table 1. Effects of moisture stress on germination of Fremont cottonwood seeds.

Atmospheres tension

Hours '0 0_5 2 4 6 8 10 12 14 16

Percentage germination of cottonwood seeds at successive time intervals

15 91.7 (a) 81.7 (ab) 66.7 (tic) 61.7 (bc) 48.3 (c) 25.0 (d) 15.0 (d) 0.0 (e) 1.7 (e) 0.0 (e)

25 93.3 (a) 85.0 (a) 83.3 (a) 75.0 (a) 76.7 (a) 48.7 (a) 26.7 (c) 5.0 (d) 5.0 (d) 1.7 (d)

38 95.0 (a) 88.3 (ab) 86.7 (ab) 81.7 (ab) 78.3 (b) 55.0 (c) 41.7 (c) 16.7 (dl 11.7 (d) 1.7 (e)

47 96.7 (a) 90.0 (b) 86.7 (b) 88.3 (b) 86.7 (b) 66.7 (c) 58.3 (c) 26.7 (d) 15.0 (d) 5.0 (e)

86 96.7 (a) 90.0 (ab) 88.3 (ab) 90.0 (ab) 91.7 (a) 75.0 (bc) 63.3 (c) 26.7 (d) 16.7 (d) 5.0 (e)

110 96.7 (a) 90.0 (ab) 88.3 (ab) 90.0 (ab) 91.7 (ab) 78.3 (bc) 65.0 (c) 30.0 (d) 16.7 (de) 5.0 (e)

134 96.7 (ab) 90.0 (ab) 90.0 (ab) 90.0 (ab) 93.3 (ab) 78.3 (bc) 65.0 (c) 36.7 (d) 16.7 (e) 8.3 (e)

Letters within a single hourly period indicate significant difference at the 0.05 level.

Methods
Fremont Cottonwood seeds were gathered from trees growing

in Tempe, immediately following dispersal. Seeds were washed
for approximately 2 minutes in a 5% Clorox/water solution
(sodium hypochlorite) with a few drops of dish soap to increase
wettability of fiber matrix. This liquid was drained, and the
seeds were sprayed with Captan. Studies by Richardson et al.
(1982) indicated that application of Captan may reduce seed
germination, especially when high concentrations are used.
However, fungi problems made application necessary. The
seeds were next placed in a petri dish containing five pieces of
filter paper moistened with 5 ml of distilled water. This same
washing and germinating procedure was used for all viability
tests. Germination was noted at 24 -hour intervals, for 1 week.
If germination did not occur within 1 week, viability was
counted as zero.

Viability tests were performed under two different condi-
tions in the spring of 1978. One set of seeds was stored in a
brown paper lunch bag, in the laboratory, where temperatures
remained approximately constant at 25° C. Three dishes of 20
seeds each were germinated every day for 1 week, every second
day for the second week, and at weekly intervals thereafter
until no seeds germinated. The second set of seeds was stored
in a similar brown paper bag, in a greenhouse, where temper-
ature and moisture conditions approximated those outside,
except for the amelioration of extremes by an air cooler. Three
dishes of 20 seeds each were germinated daily for 1 week, every
second day for the second week, and weekly thereafter until
seeds no longer germinated.

Seeds were stored under natural environmental conditions
in the spring of 1979. Ten 7.5 -cm- square bags made of nylon
mosquito netting were filled with cottonwood seeds collected
immediately following dispersal. These bags were then placed
in the Salt River study area, at sites where seeds were naturally
accumulating and which appeared to be suitable sites for
germination. Five bags were placed in a relatively cool site,
shaded by a canopy of mesquite and cottonwood. The other

five bags were placed in a more exposed, warmer site. Five to
twenty seeds were removed weekly from each bag, brought
back to the laboratory, and germinated.

In the moisture stress tests, aqueous solutions of d- mannitol
were used to simulate varying amounts of soil moisture avail-
able to cottonwood seeds and seedlings in the process of
germination and establishment. These solutions varied in concentra-
tion to simulate soil moisture tensions from 0 to 16 atmos-
pheres. Distilled water was used for 0 atmosphere soil
moisture tension. Twenty seeds were placed in a petri dish
containing five pieces of filter paper moistened with 5 ml of
specific d- mannitol solution or distilled water. Three replica-
tions of each concentration were made. Values were tested by
analysis of variance on arcsine transformation of percentage
germination, in order to test for significant differences in
number of seeds germinated at each time interval.

Wiggans and Gardner (1959) established d- mannitol as a
non -toxic chemical which was accurate in limiting moisture
available to a germinating seed when mixed with water
according to the following equation:

g = PVm

RT

where g = grams of d- mannitol, P = desired osmotic pressure in
atmospheres, V = volume of mixed solution in liters, m=
molecular weight of d- mannitol, R = 0.0825 atm. degrees per
mole, and T = absolute temperature. There have been some
questions posed since 1959 concerning equivalence of osmotic
to matric tension (Farmer and Bonner, 1967; McDonough,
1977), and a toxicity of d- mannitol. However, difficulties in
regulation of available moisture in any other manner and lack
of a better chemical have led d- mannitol solutions to be widely
accepted for seed germination experiments.

Soil samples from the floodplains of the San Pedro and Salt
River study areas were sterilized, and textures were determined
by the Bouyoucos method (Foth et al., 1974). The sterilized soil
was put into rootboxes, wooden boxes constructed so that the
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Figure 1. Cottonwood seed viability under four different environmental conditions.

front could be opened to expose the roots behind a pane of
glass. Two rootboxes were filled with soil from each study
area. Cottonwood seeds were placed on the soil surface and
were kept moist by frequent misting and the humidifying
effect of a piece of plastic wrap over the box. Boxe, were kept in
an air -cooled greenhouse. Soils were maintained in a moist
condition until seedling roots reached the bottom of the
rootbox.

Root growth was measured during growth by periodic
marking of the root -tip location on the glass, using a grease
pencil. In the subsequent statistical analysis, only those roots
that reached the bottom of the rootbox were counted.

Results and Discussion
Results of the viability tests are summarized in Figure 1.

Seeds stored in the laboratory suffered a reduction in germinabil-
ity of 90% after 20 weeks. Germinability was lost rather
rapidly after the 13th week. Those seeds exposed to conditions
in the natural environment lost all germinability after 5
weeks. Greenhouse -stored seeds were intermediate in viability.

The increase in germinability after 1 week displayed by
laboratory- stored seeds and seeds stored in shade on the Salt
River may be the result of a short after -ripening period. The
seeds may not have been totally mature at the time of dispersal
(Koller, 1972; McDonough, 1977).

Under average field conditions at the time of seed dispersal,
one would not expect seeds to remain viable for longer than 5
weeks. Theoretically, however, seeds could retain their viability
for much longer periods, given an environment of lower
temperatures and less fluctuation in humidity than is normally
found in the field.

Variability in germinability of fresh seed may result from
factors such as seed maturity, exposure of seeds to weathering
forces while still on the tree, presence of fungus on or in some
of the seeds, or differences in seed size (Crocker and Barton,
1953).

Increase in osmotic tension from 0 to 6 atmospheres
resulted in delayed germination, but not a significant decrease
in total germination percent (Table 1(. Moisture stress induced
by osmotic solutions stronger than 6 atmospheres resulted in
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delayed germination, but not a significant decrease in total
germination percent (Table 1). Some seeds germinated at 16
atmospheres (8.33 %), but hypocotyl and radicle did not continue
to elongate beyond the sixth day after planting.

Root growth rates of newly germinated seedlings did not
vary significantly among the four rootboxes. Mean growth rate
per day was 6 mm; however, this varied greatly from day to day.
The most rapid rate measured occurred in San Pedro floodplain
soil -13.5 mm per day, measured over a 4 -day period.

Rapid root growth is essential for survival of cottonwood
seedlings, because the moist alluvium deposited in the spring
dries rapidly with the onset of the extreme summer temper-
atures characteristic of the Sonoran Desert. Although flow
may be curtailed through the summer, in a natural riverine
environment, groundwater is present in the immediate vicinity
of the riverbed. Periodic measurement of soil moisture of an
overflow channel nursery bar (a common site for cottonwood
and germination) on the Gila River indicated that moisture
levels at depths of 60 cm are relatively constant throughout
the year. Soil moisture remained at nearly 10% throughout the
year, while moisture levels at shallower depths (10, 20, and 40
cm) fluctuated from 23% to 8%. (Collection of data by Paxson
and Brady, 1976 -1978).

The results of these studies increase understanding of the
sequence of conditions required for successful germination
and establishment of cottonwood in the natural environment.
Seeds require a moist surface to start germination. On a sandy -
loam textured soil material, moisture may be as low as 10% for
a relatively high germination rate (more than 80 %). This moist
germination medium is naturally provided for by a spring
flood that deposits fresh alluvium along riverbanks. Fresh
seeds germinate more rapidly than older seeds, so that if a
moist soil material were present at time of dispersal, most
seeds would germinate within 24 hours. Because of the short
viability period of seeds, these conditions would have to occur
within 6 to 8 weeks after seed dispersal.

Subsequently, surface soil moisture need not be maintained,
as long as water is available to the elongating root. Roots were
observed to grow at an approximate average rate of 6 mm per
day; therefore, theoretically, water table levels may recede at
this rate through the spring and summer. The declining water
table tends to promote root growth to greater depth, as
opposed to the situation with a perched water table, which
would cause a shallow root system to develop. At the
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previously mentioned root growth rates, following a receding
water table, most establishing seedlings could tap groundwater
at depths of 72 cm by the end of the summer, and could
potentially reach 162 cm.

In natural cottonwood communities of the Southwest, the
normal sequence of events involves a spring flood caused by
melting snow on the watershed, (occurring around the time of
cottonwood seed dispersal). This is followed by a relatively
continuous dropping of river water to very low levels through
the summer. Cottonwood seed and seedling have character-
istics described in this study, which appear to adapt them to
this sequence of events.
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john C. Fremont:
Explorer, Plant Collector
and Politician

Frank S. Crosswhite
Boyce Thompson Southwestern Arboretum

John Charles Fremont played a very historic role in explora-
tion of the western lands which eventually became states of
the U. S. A. He was the discoverer of a number of previously
unknown trees, shrubs and other plants of the western states, a
prime example being Populus fremontii, the species of Cot-
tonwood that is the subject of the preceding article in this
issue of Desert Plants. Fremont was an officer in the U. S. Army
with training as a topographical engineer. As such he was
often placed in charge of exploring expeditions. Historians
agree that Fremont was often "in the right place at the right
time." Like the Swedish botanist Linnaeus of the previous
century, he had something of a "propensity for self-eulogy"
Upon climbing a high peak in the Wind River Range, for
example, he planted the American flag and named the moun-
tain "Fremont's Peak." He was skilled at putting bashfullness
aside. Maps soon had other names such as "Fremont Lake" and
"Fremont Pass."

Although Fremont claimed to have "discovered" the Great
Salt Lake and even likened himself in this regard to Balboa
discovering the Pacific, historians agree that this and other
"discoveries" were probably previously known to trappers,
traders, missionaries, immigrants or other private citizens. His
detractors claim that Fremont "officially" discovered a great
number of physiographic features by being the first topo-
grapher to place them on a map! He began his explorations in
1838 as a lieutenant attached to Joseph Nicolas Nicollet's
surveys of the basins of the upper Mississippi and Missouri
rivers. Nicollet was a celebrated astronomer and topographer
who had emigrated from France to North America. Fremont
was duly impressed with the respect (and even awe) afforded
Nicollet as a famous personage. Apparently while working as
Nicollet's assistant, Fremont was not only serving a technical
apprenticeship, but was either consciously or subconsciously
acting as an understudy, - learning how to command respect
as a famous and celebrated personage!

Fremont was quick to learn that it was not the trapper, trader
or frontiersman who received credit for discoveries, but rather
the person who performed the technical niceties of determin-
ing the longitude and latitude. While exploring with Nicollet,
Fremont found that new plants were "discovered" by pressing
and drying leaves, flowers or other diagnostic parts and sub-
mitting them to an expert professor at a botanical garden or
college for "naming." Apparently Fremont learned how to make
such herbarium specimens from the German botanist Karl
Andreas ( "Charles ") Geyer. Nicollet, at his own expense, had
hired Geyer to accompany the expedition and prepare herba-
rium specimens at the stops. Fremont must have gotten to
know Geyer very well on this trip. During later explorations
Fremont frequently made herbarium specimens of noteworthy
plants with notes on the latitude and longitude where each
was discovered. Many of these are still extant. Some valuable
collections were lost, however, for example when a mule carry-
ing the specimens fell off a cliff into a deep canyon and when a
boat with specimens was lost in a raging river. Obviously,
Fremont himself was exposed to similar dangers, so his
accomplishments should not be minimized.

We suspect that much of Fremont's life was greatly influ-
enced by his internship with the famous Frenchman Nicollet
and the German Geyer. He apparently learned to associate
science and technical knowledge with foreigners and to asso-
ciate ignorance and uncouthness with the native -born back-
woodsmen who were the typical Americans of the day. His



Engraving of John Charles Fremont, from a photograph about 1860.

spelling of Fremont with an accent on the first syllable is
considered by many to be an affectation since he was born in
Savannah, Georgia. The New York botanist John Torrey, when
first learning that herbarium specimens were being made by
someone named Fremont in the west, wrote somewhat excit-

edly to fellow botanist Asa Gray at Harvard University. A
revealing sentence written by Torrey to Gray noted that Fre-
mont wrote "something like a foreigner" but signed his letter
with the title of Lieutenent in the Topographical Engineers of
the U. S. Army. Who was this collector of herbarium speci-
mens? Was he some famous French explorer? Or was he a
home -grown American? Although actually the latter, his burn-
ing desire to be something out of the ordinary would put his



Civil War patriotic envelope with likeness of Major General
John C. Fremont, postmarked Paducah, Kentucky, February 6,
1862. Sent to Mr. W. Fugate, Bushnell (McDonough County)
Illinois. At the beginning of the Civil War, Fremont was
appointed Major General of the Western Department of the
Army with headquarters at St. Louis. Unable to restrain the
popular sentiment of Missourians for volunteering for duty
with the Confederacy, he was removed for political reasons. To
satisfy demands of his supporters, he was finally allowed to
assume command of the Army of the Mountain Department of
Virginia, Kentucky and Tennessee in 1862. This 1862 envelope
from Kentucky shows his local support. He was very famous as
an explorer and collector of herbarium specimens and even-
tually became Governor of Arizona Territory. Envelope in
collection of Frank S. Crosswhite.

name into newspapers around the world.
Fremont married well. His wife was the former Jessie Ben-

ton, daughter of senator Thomas Hart Benton, an influential
politician. The senator secured appointments for Fremont to
lead several significant westward exploring expeditions. One
of Fremont's much -publicized trips was the first government
exploring expedition to the Pacific Coast after the Lewis and
Clark expedition organized some forty years previously by
Thomas Jefferson. Senator Benton was a great advocate of the
United States expanding into the western part of the conti-
nent. After all, wasn't this manifest destiny? Fremont seemed
at all times to be a swashbuckling adventurer. Some of his
deeds would surely have gotten a lesser man into trouble. For
example, on one occasion he took one of the army's cannons on
one of his expeditions, totally without any authority or per-
mission to do so.

Fremont participated prominently in the seizure of Califor-
nia from Mexico. He supported Commander Robert Stockton
in a quarrel with General Philip Kearny over lines of authority

in the seized territory, with the result that Stockton appointed
him Governor of California. Unfortunately, after Fremont
served briefly as governor, orders from Washington estab-
lished Kearneÿ s authority without contradiction. As a result,
Fremont was arrested, court -martialled and found guilty of
mutiny, disobedience, and conduct prejudicial to military dis-
cipline. Fortunately, President Polk intervened and allowed
Fremont to resign.

During Fremont's brief residence in California he had
obtained a deed to 40,000 acres directly from the Mexican
authorities before any land was transferred to the United
States. Because the treaty of Guadalupe Hidalgo which ended
the Mexican War specifically called on the United States to
honor all pre- existing deeds and grants of land in the ceded
territories, the U. S. Supreme Court affirmed Fremont as owner
of the land. This was an extremely important decision because
the richest of the gold lodes of Mariposa County happened to
run directly through the property, making Fremont a million-
aire several times over!
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Among the numerous herbarium specimens which Fremont
made in his explorations of the western lands, was Greasewood,
the valuble forage plant of plains and high desert. Dr. John
Torrey, perhaps the best -known American botanist of the day,
attempted to honor the collector by naming it Fremontia
vermicularis. Eventually Torrey discovered that the new
genus had previously been described by Nees von Esenbeck
under the name Sarcobatus and that the name Fremontia was
thus invalid. Determined to honor Fremont in any event,
Torrey later applied the name Fremontia to a rare plant of
Arizona and California in the Cocoa Family, Sterculiaceae.
This species, Fremontia californica, is known as Flannel -Bush
or sometimes California Slippery Elm. Like true Slippery Elm
(UImus fulva), although taxonomically unrelated, its bark has
been used to relieve sore throat. Because a later homonym of
the first proposed Fremontia (= Sarcobatus), the International
Code of Botanical Nomenclature would ordinarily require us
to reject Fremontia as a name for the second genus. Therefore,
Frederick Coville, in the Report on the Botany of the Death
Valley Expedition in 1893, proposed Fremontodendron as a
substitute name whereby the Flannel -Bush could still legiti-
mately honor Fremont. This proved not quite good enough.
Botanists proved to be so stubborn in using the name Fremontia,
even though technically incorrect, that a subsequent Interna-
tional Botanical Congress voted to declare the name a nomen
conservandum, essentially declaring the incorrect name cor-
rect! This was after Fremont's own style! Rules be damned!
Surely he would have been greatly pleased! As if to cast an even
stronger vote for Fremont, the California Native Plant Society
has chosen the genus name Fremontia for the name of its
quarterly journal!

Unfortunately, during Fremont's own time, there were not
enough botanists to stack the deck during a different election.
In the race for President of the United States in 1856 Fremont
was the candidate of a brand -new political group -the
Republican Party. Unfortunately the new party lost the general
election to James Buchanan. Fremont would have been Presi-
dent of the United States if a mere 31 electoral votes had gone
to him rather than Buchanan. But the political party for which
he had been the premier candidate did eventually elect a
candidate in 1860, a country lawyer named Abraham Lincoln.

When the Civil War broke out in 1861 Fremont was in Paris.
He immediately purchased a large quantity of arms for the
Union government and arrived back in the United States in
June. In July Fremont was commissioned a major - general and
given command of the Western Department of the Army,
headquartered at St. Louis, Missouri. He found it extremely
difficult to organize an effective northern army in Missouri,
which essentially was a slave state. Large numbers of Con-
federate troops were collecting in southeastern Missouri.
From western Missouri came a large number of Confederate
volunteers who were poised to attack Cairo and St. Louis.
There were numerous skirmishes between loyal and disloyal
Missourians. After some initial failures, Fremont saw that he
needed to take a firmer grip on Missouri. He issued a
proclamation on August 30, 1861 declaring that Missourians
bearing arms in rebellion would be shot, their property
confiscated and their slaves emancipated! Such an emancipa-
tion proclamation was considered by Lincoln to be a presi-
dential prerogative and not up to a mere major -general to
declare. One Confederate General announced a counter-
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proclamation to the effect that for each Missourian shot he
would hang, draw and quarter one Union man. Hoping to keep
the loyalty of the border states and to imply that slave- owners
could still be good citizens of the Union, Lincoln removed
Fremont from his command. But then due to an outcry by his
supporters, Fremont was given command of the Mountain
Department of the Army in Virgnia, Kentucky and Tennessee
in 1862. Eventually this army was united with the Army of the
Potomac to form the new Army of Virginia under General John
Pope. Although Fremont was to continue to be in charge of his
particular corps, he objected to being placed under an officer
who he actually out -ranked. In protest he resigned and the
resignation was accepted.

Although again nominated for the presidency by the radical
wing of the Republican Party in 1864, Fremont withdrew to
avoid a split in the party, thus throwing his support behind
Abraham Lincoln. Fremont's political luck was mixed to say
the least. Back in 1849 he had been elected one of the first two
senators from California, but drawing the short term, served
only until March, 1851. His opposition to slavery had resulted
in his defeat for re- election by the pro -slavery element in
California.

After Lincoln was re- elected in 1864, Fremont withdrew
from public life and devoted his attentions to building a
transcontinental railroad to the Pacific Coast by a southern
route. Years before, his government- sponsored explorations
had been designed to seek appropriate routes for transportation
corridors to the west coast. Long convinced of the value of rail
travel to California, Fremont decided to put his own fortune on
the line to create the needed railroad. Unfortunately, Fremont's
railroad collapsed in bankruptcy and he lost the personal
fortune which he had made in California.

Financially broken, Fremont was offered an appointment as
Governor of Arizona Territory in 1878. He accepted the posi-
tion and lived in Arizona as Governor until 1881. Details of his
life in Arizona are preserved in the Charlotte Hall Museum
and Library at Prescott, Arizona, the territorial capital when
Fremont was governor. The historic Fremont House in down-
town Tucson preserves a building where he stayed while he
was in southern Arizona. It is open to the public.

Residents of Arizona are reminded of Fremont not only by
Flannel -Bush (Fremontia) or Cottonwood (Populus fremontii),
but by many other plants named for him which are native to
the state. Examples which come to mind are Amphipappus
fremontii and Chaenactis fremontii in the Daisy Family,
Berberis fremontii in the Barberry Family, Chenopodium
fremontii in the Goosefoot Family, Dalea fremontii in the Pea
Family, Gentiana fremontii in the Gentian Family, Geranium
fremontii in the Cranesbill Family, Lepidium fremontii in the
Mustard Family, Lycium fremontii in the Nightshade Family,
and Phacelia fremontii in the Waterleaf Family.

It has been easy for historians to minimize Fremont's
achievements and to paint him as a mere opportunist. Perhaps
the present article reflects this attitude too strongly. In
actuality he was a strong catalyst. He also was a strong
decision maker. If he had never lived, the entire history of the
western portion of the continent might have been much
different. Mormon settlers followed his maps directly to the
Great Salt Lake. Hundreds of thousands of settlers followed in
his footsteps to California. Truly "from the ashes of his
campfires sprang cities."
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Wild Cochineal on a pad of Prickly Pear at the Boyce
Thompson Southwestern Arboretum.

Wild Cochineal of Prickly Pear ( Opuntia sp.) as a
Dye Source in Arizona. As weather begins to warm in the
Sonoran Desert, patches of white cottony material become
evident here and there on pads of Opuntia. Beneath the snowy
fluff hides the creature that produces these protective layers,
the cottony cochineal insect (Dactylopius spp.) that feeds only
on Opuntia. Gently push apart the long filaments of wax
secreted from special glands on the insect's body to reveal the
animal itself. It consists of a soft, ovoid mound -shaped body,
without distinguishable appendages or features to the naked
eye, and is colored a purplish -gray. This is a female cottony
cochineal, permanently attached to the plant by sucking
mouthparts inserted into the Opuntia stem. She feeds upon
the plant juices until mature, then lays a number of eggs and
dies. Male cochineals are winged when mature.

Puncture the sac -like body of a female cochineal and a bright
red drop of fluid exudes. It contains carminic acid, a strong and
color -fast natural dye. The dried bodies of these cottony

cochineal scale insects and their domesticated relative,
cochineal, were used in Mexico and South America to color
fabrics. In fact, a lucrative industry was developed by Spaniards
after the conquest of Mexico, when domestic cochineal was
raised in large quantity and exported world -wide. The advent
of aniline dyes in the latter 1800's supplied a source of cheaper
colorfast reds and the industry declined.

Here in Arizona only one record of prehistoric use of
cochineal exists. Frank Russell, in his book on the Pima
Indians (reprinted by University of Arizona Press, 1975), cites
use of wild cochineal on page 96. Pimas dyed the ends of war
arrows, made from arrow bush stems with cochineal. Modern
handcrafters who practice dyeing wool with natural materials
make use of this brilliant natural colorant much as did ancient
Americans -by collecting and drying female insects from
Opuntia, then immersing them in boiling water to release the
dye. Various mordants may be used to enhance color fastness.
-C. D. Crosswhite.
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