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THE BUFFALO GOURD, A POTENTIAL CROP FOR ARID LANDS

by

W.P. Bemis, J.W. Berry and C.W. Weber*

Berry, Weber and Bernie (L to R)

It was over 30 years ago that Dr. Lawrence C. Curtis
(1946) first described the potential of a native gourd
species, Cucurbita foettdissma (Buffalo gourd), as a possible
crop. He made four points in that publication: 1) the
plants are perennial, 2) they grow on wastelands in regions
of low rainfall, 3) they can produce an abundant crop of
fruit containing seed rich in oil and protein, and 4) the
fruit lends itself to mechanical harvesting. Curtis concluded
his report with the statement that it seems ironic that the
answer to some of the problems of certain undernourished
populations may be growing in their immediate vicinity as
a neglected weed. An additional attribute of the Buffalo
gourd, not stated by Dr. Curtis, has since been discovered
- that it produces a large storage root which contains
about 15 percent starch on a wet weight basis (Berry et al,
1975).

A current multi- disciplinary research program at the
University of Arizona (NSF /RANN AER76 -82387 [Arizona
Agricultural Experiment Station No.2857]), dedicated to
the "Breeding, Domestication and Utilization of the Buffalo
gourd as a Crop for Arid Lands," has as its co- leaders a
breeder -geneticist, a biochemist, and a nutritionist *, its

immediate goal the production of an "instant"

domesticated crop plant developed from a feral species. If
this research program is reasonably successful, it will have
far -reaching effects not only in the development of a crop
for arid land agriculture, but in developing the philosophy
and incentive for the breeding of food or fiber crops from
the vast reservoir of tropical and arid species awaiting
study.

This xerophytic gourd is native to the arid wastelands,
prairies, and dry washes of central North America (Bailey,
1943). It is known by several common names such as
calabazilla, chili coyote, Missouri gourd, and fetid gourd,
because of the pungent odor produced by many of the
plants (hence the botanical name C. foetidissima). Just
when the common name Buffalo gourd was coined is
obscure. Stevens (1948) called it by that name in Kansas
Wild Flowers, and the term is currently is common usage.

The plant is perennial by virtue of its exceedingly large
fleshy storage roots. The frost -sensitive vines are killed by
below 0 °F temperatures, but the roots may survive winter
air temperatures of as low as -25 °F, particularly when the
soil has the insulation of snow cover. A root of a single plant
may reach a weight of 50 kg in three or four seasons (Fig.
1). The plant's primary mode of reproduction is asexual by
the development of adventitious roots produced at the
nodes of the vines. Large homogeneous colonies of plants
are produced in this manner. The vines, which are a
ground cover, not climbers, are extensive (Figs. 2 and-3). A
single plant, age unknown, produced a total linear vine
length of 220 m rn a five -month growing season (Dittmer
and Talley, 1964).

The flowers, which are unisexual (pistillate or staminate),
are borne singly at most nodes of the vine, The fruit
(pepos) are usually round with diameters of 5 -7 cm. The
number of seed per fruit ranges from 200 -300, with an
average weight of 4 g per 100 seed (Fig. 4). A single plant
is capable of producing up to 200 fruit in a single season.
The seed, which contains 30 -40 percent edible oil and
30 -35 percent protein, is the primary crop component of
this species.

P

*Professor Bemis, Department of Plant Sciences; Professors Berry and Weber, Department of Nutrition and Food Science

College of Agriculture, University of Arizona, Tucson, Arizona 85721.



Fig. 1 Laboratory technician, Susan Kunz, holds a two year old .:.
root of the Buffalo gourd. The fresh weight of this root was 6 kg.

The Buffalo gourd has been associated with American
Indians for upwards of 10,000 years (Cutler and Whitaker,
1961). The plant, most likely a camp follower rather than a
domesticated species, was utilized mainly for the food
content of the seed, but archeological artifacts also suggest
the utilization of the roots.

Bolley et al (1950) determined that the seed of xerophytic
wild perennial gourds could be used to make drying oils,
high protein flour and a protein concentrate. Buffalo gourd
oil extracted from seed possessed properties between linseed
and soybean oils when formulated in protective coatings. It
produced relatively slow -drying, soft films with good body..::;:
color retention, residual tack, and suitable resistance to`.
water and oil. A buff -colored flour with 54 -60 percent
protein was produced by a simple processing method from
defatted seed meal. Additional chemical processing
produced a protein concentrate with properties suitable for,-
its inclusion in products such as water paints, paper
coatings, adhesives and textile sizes.

Shahani et al (1951) made the first detailed study of the
oil extracted from seed of the Buffalo gourd. They reported
that the crude oil was dark in color and resistant to
bleaching. However, refining, bleaching and deodorizing-
gave a bland oil with no tendency to flavor reversion. The
composition was found to be suitable for potential use in
foods, with the major fatty acids being 65 percent linole
23 percent oleic, 6 percent palmitic, and 2 percent stearic.

Studies by Weber et al (1969) and Hensarling et al
(1973) on the nutritional value of the seed protein indicated
that it compared favorably with protein from other oil seed
crops. The first study found the protein of the whole seed,

Fig. 2 Two year old Buffalo gourd plantation. This field located in Tucson, 4 miles north of the University of
Arizona, was established from seed representing 54 collection sites.
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Arizona Hybrid #1, is available in limited quantities to
interested persons.* The yield parameters for the Buffalo

have yet to be established from direct field research
plots. Field plots are currently being established for the
purpose of determining yields for this species.

The concept of yield for the Buffalo gourd is unique in
it is: 1) a perennial plant, 2) it propagates asexually

(adventitious roots from the vines), and 3) its yield!'`
components are seed (oil and protein), roots (starch), and
possibly vines as forage for ruminant animals

*Send requests to any one of the authors, c/o College o
Agriculture, Tucson, Arizona 85721, U.S.A.

Fig.4 (Top) A cross -section of a Buffalo gourd fruit, about 7 cm.
in diameter. showing the seeds clustered in three locules. A single fruit
will contain 200 -500 seeds. (Below) Fruit developing on the vines.::.;;:::::::

In order to study the Buffalo gourd as a potential crop
species, the first criterion was to accomplish a rapid initial
screening of the wild germplasm and to establish a
homogeneous seed source for use in field plot studies. It
was recognized that yield components as measured by seed
size, seed per fruit, and fruit per plant, have to be
supported by quantitative measurements of oil and protein
in the seed.

An isolated seed production plot was established where
selection 158 -2, which was segregating for the gynoecious
sex expression, was rogued to a population of nothing but
female plants. Selection 142 -1 was seeded at the isolation
plot, and it was rogued to a population of monoecious
plants which would be the source of pollen for the fertiliza-
tion of seed produced on selection 158 -2. Hence, the first
hybrid seed was produced. This seed (Fig. 7), designated

Fig.5 Buffalo gourd plants growing in established germplasm
nurseries are evaluated for their yield potential.



A projected cropping system would work in the following
way. A field or plantation would be established by direct
seeding, using hybrid seed, to a plant population of about
3,000 plants per hectare. At the end of the first growing
season a destructive vine harvest w.m 'ld be made using some
type of vine seed thrasher to recov the seed (Fig. 8). The
perennial roots would be 7 -10 i °rr below the soil surface
and protected from mechanization of seed extractions from
the fruits. The second season the plant stand would be
increased by adventitious rooting by a factor of 5 to 10
depending on the amount of previous vine growth. At the
end of the second season another destructive vine harvest
would be made to recover seed for its oil and protein.
During its dormant season, alternate one -meter swaths
would be mechanically dug for roots. This would
accomplish two purposes: a) the harvesting of roots for
starch, and b) the thinning of plants to keep them from

overcrowding. During the third season the alternate swat::..;
would be dug for roots while the plants would be
regenerating roots in the previously dug areas. Following
this method of harvesting, a fruit yield, a root yield, and a
possible forage yield could be obtained each year the plants
remain productive.

Fig.6 Buffalo gourd plants are examined closely to determine
their flowering patterns. Plants which have only female (fruit

flowers give better yields than plants having both male and
female flowers.

The potential value of this latent crops lies in its seed,
roots, and perhaps its foilage. The seed is composed largely
of oil, protein, and fiber. It would have economic value as
a component;; of feeds for ruminants, or monogastric
animals such as swine or poultry, because it has relatively
high protein and caloric content. Assuming a 30 percent
loss during digestion, a metabolizable energy of 4.3 Kcal
per kg is available, making it equivalent to commercial
oilseed crops (Berry et al, 1976)

The oil of the seed has a composition which makes it
very attractive as a possible oil for food use. Its ratio of
unsaturated to saturated fatty acids is second only to
safflower oil among common edible oils. Linoleic acid,
recognized as essential in the diet of humans and animals,
is the predominant fatty acid in the oil, ranging from 50 -69
percent (Scheerens et al, 1978). Incorporation of the crude
oil into the diet of weanling mice in amounts up to 11
percent of the total diet has produced excellent growth with
no evidence of deleterious effects (Bemis et al, 1977)

The crude oil can be isolated from the seed by a solvent
extraction process or by mechanical pressing. Isolation of
the oil and its partial refinement are processes which can
be practised in lesser developed countries. After refinement
by a procedure including decolorizing and deodorizing,
laboratory samples have been converted to a light yellow
product with properties comparable to available commer-
cial products.

The seed meal remaining after separation of oil from
whole seed contains about 45 percent protein and a
comparable amount of fiber. It could be used in that form
as a component of animal feeds. If used as a raw material
for food preparation, it would require some processing to
remove a portion of the fiber. A seed flour or a protein
concentrate could be prepared with protein contents of 70
and 80 -85 percent, respectively. Both materials would be a
valuable source of supplemental protein for baked and
cooked foods.

If seed is initially decorticated and then defatted, a flour
results with a protein content of about 70 percent. Like
flours prepared in comparable fashion from other oilseeds,
it is deficient in one or more essential amino acids; in this
case the sulfur amino acids are limiting. Feeding studies
with mice and rats have ranked Buffalo gourd, soybean,
and cottonseed meals in close proximity in terms of protein':::
quality (Bemis et al, 1975)
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Arizona Hybrid No. 1 is now available in limited quantities.
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editorially speaking

FORGET NOT TO BE ANGRY

We are an old woman, as those many hundreds of you whom we have met and among whom we count our friends, will
remember. And now we take stock of what we know about the deserts of Planet Earth, trying to assess without emotion or
personal bias the essential authority of our long years of involvement.

For us it remains, as it has always been, a visceral response, a "something beyond" the visual, the tangible, the identifiable
- buried deep in our psyche, anchor in a shifting unstable world, succor to many - all this divorced entirely from what we
may have learned about arid lands irrigation practices, underground water pumping, saltation of ágricultural lands,
drought, climatic fluctuations, transhtimance, urban decay, starvation, anarchy, high technologies based on unattainable
components of academic solutions, or the pervasive concept of bureaucracy at its worst.

Who would have thought that those third -generation -back Swedish -Finnish ancestors of ours would have produced us, born
in the Chihuahuan Desert, lifelong resident of the Sonoran Desert (which was characterized in a local newspaper interview by
the President of The Gambia, Dawda Kairaba Jawara, on a recent visit to Tucson, as "the Sahel of the U.S. "),
unfamiliar with any other climate (except for three January days in Chicago once). How could our life have had any
other meaning for us except the ultimate one, of man alone with himself, face -to -face with an Earth environment more
hostile than others, that final omega of survival.

But for those other thousands of us engaged in what we choose to call "arid lands research ", are there indeed many
among us who perceive the world's deserts directly, not through the plastic glass of an airplane window or from the
air -conditioned comfort of a Land Rover or by way of a technical report so weighted down with diffuse verbosity as to
be unintelligible? Have all those highly- placed officials of our arid lands come so far from their origins that they have
forgotten how bright the stars are at night, how searing the noonday sun can be, how a blast of desert wind can burn
the flesh, how the sight of a lizard scuttling away from us to safety can remind us that deserts are not without life, how
an unexpected view from the crest of a dune can blow our mind?

Given the gymnastics of rationalization, how much more comfortable it is to hold to the belief that a ll wisdom can be
conceived, identified, employed in our carpeted office with the supporting staff and technical wonders at our command;
how much more complacent we can be in the conviction that nothing of importance was discovered, nothing of value
established, until we came on the scene yesterday afternoon at three o'clock. The painstaking work of those who went
before us is forgotten, their understanding, deeper than our superficial competence, neglected, ignored, made light of,
but also exploited and plagiarized. Ah, but time moves on, you counter, things change. And we reply that the
hubris of such a hierarchy of values based on the persuasion that all things old are superseded is shallow, absurd even,
given the knife -edge we walk along the abyss of the world's desert problems. Such attitudes are apt to prevent rather
than accelerate UNEP's Plan of Action, delay its implementation through the endless configuration of expensive talk by
those far - removed from the realities of the situations they are supposedly trying to ameliorate.

We do not want to believe in J. Robert Oppenheimer's solution:
"...Let world dynamics continue its present course and go astray as quickly and
as massively as possible, so that Nature gets another chance to build up a new
ecology - without man, of course."

We do not want to believe with William Butler Yeats that
"Things fall apart, the center cannot hold
Mere anarchy is loosed upon the world
The blood- dimmed tide is loosed, and everywhere
The ceremony of innocence is drowned..."

8



We do want to believe with Will Durant that
...there is a creative spirit in the universe, in every atom, in every plant and

animal, in every man a spirit evident in history despite every setback and
disaster."

We do want to belive with William Faulkner that
"...man tries to be better than he thinks he will be, that that is his
immortality, that he wants to be better, he wants to be braver, he wants to be
more honest than he thinks he will be, and sometimes he's not, but then
suddenly to his own astonishment he is."

But to do this we must be critical, willing to dissent and challenge and stir up, be discontented, dissatisfied. Take Dylan
Thomas as our guru so that we

"Do not go gentle into that good night."

It matters not whether you are friend or enemy, known to us or unknown, whether we have enjoyed your hospitality or
you have enjoyed ours, whether we have agreed about desert problems or disagreed, whether we speak the language of
the other or have heard each other through interpreters. What matters only is that in common we are desert dwellers,
at home (in the deepest sense) in a milieu where a man, stripped of the comforts of civilization, physical and
intellectual, can renew his beleaguered spirit and in the doing be a survivor, a man who mysteriously, miraculously,
finds a way to test himself.

So forget not to be angry at those who would deny you this most stunning of all heritages.

And let this be our testament.

-Patricia Paylore

QUOTES

"...Known only in the Kalahari and neighboring sandy
regions of southern Africa, the marama bean rivals the
soybean and peanut in its nutritional value. It feeds some
of the poorest of the earth's people: the Bushmen and
isolated Bantu tribes in Botswana, Namibia and the
Republic of South Africa, who still subsist solely on wild
fruits and plants, game and birds. Yet the marama bean is
still a wild plant. Its cultivation has never been formally
attempted ...In arid and semiarid regions, it is an
important emergency source of water for humans and
animals. Plant breeding could create a valuable new crop
for semiarid lands."

-Noel D. Vietmeyer
U.S. National Academy of Sciences, Washington, D.C.
Development Forum, v.6, no.3, April 1978

9

"...We must learn, in practical terms, exactly how to
increase crop yields without degrading the fertility of the
soil, how to manage wild game for meat, how to exploit
marine fish stocks without overfishing, and how to supply
cheap housing at a price the slum -dwellers can afford. We
must learn, in short, how to manage the natural resources
available to all for the benefit of all."

-Dr. M.K. Tolba
Executive Director, UNEP, Nairobi
Earthscan Bulletin, v.1, no.2, April 1978
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As desertification increased, primate species found
themselves increasingly constrained in the diminishing
forests. Eventually, in a scenario proposed by Hockett and
Ascher (1964), those which successfully retreated with the
trees lived to tell the tale, evolving into today's gibbon apes
and numerous species of monkeys. Others were caught in
isolated and diminishing arboreal pockets. Most eventually
perished. But a few ape groups managed to cross the new
semiarid expanses to other still- existing pockets. Terrestrial
locomotion thus began to have survival value, not for an
end in itself, for they were still basically brachiators, but
merely as a vehicle for reaching new havens, where fierce
competition for scarce arboreal resources inevitably took
place. These havens were dominated by the strong, the
weaker species being forced to subsist on marginal lands or
arid plains. These weaker species became our protohominid
ancestors (see Fig. 1 for a depiction of these evolutionary
events).

Edey (1972) describes how perhaps "the best fig grabbers
hogged the figs, unwittingly encouraging the developing of
a strain of apes that, willy -nilly, found it easier to survive
on the ground than in competition with those big fellows in
the trees." Hockett and Ascher (1964) philosophically
accept, likewise, that "our own ancestors were the failures.
We did not abandon the trees because we wanted to but
because we were pushed out."

The "successful" ones, of course, were the ape ancestors
of today's chimpanzees, gorillas, and orangutans, and other
now -extinct species. Our ancestor "failures ", probably rep-
resented by Ramapithecus (Gantt, Pilbeam, and Steward
1977), were literally cast out of their arboreal Garden of
Eden, forced to adapt to an arid, terrestrial habitat,
somehow to survive. At this point, it should be stated that
some authorities are not altogether convinced of the hard-
ships of such adaptation. Clark (1964), for example,

(130-65 B. P. ) (58-36 B. P.) (25-10 B. P. ) (2-.01 B. P. )
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Fig.l. Possible scenario of primate evolution leading to genus Homo. Cretaceous insectivores are forced into the trees by reptilian
pressures, where prosimian, monkey, and ape morphology develops. Weaker ape species are then forced down from the retreating trees by stronger
ape species as a result of desertification pressures. Homo sapiens would not have evolved without the early reptilian pressures and later
desertification pressures.
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believes that "treeless savannah in the tropics is not
necessarily less well supplied with water and food sources
than woodland savannah or the forest itself." Simons
(1977), in fact, proposes that Ramapithecus gave up the
trees in favor of ground feeding. Numerous Ramapithecus
fossils have been found in association with mixed environ-
ments between the forests and the savannah (Kolata 1977).
The question is, did they inhabit those zones because they
wanted to or because they had to?

Perhaps we will never know for sure, but there is another
important point concerning the scenario of desertification
resulting in the expulsion of our ancestors from the trees,
and that concerns timing. Desertification was a fortuitous
event for human evolution, and its timing may have been
even more fortuitous. Had desertification come eariler,
before upright brachiation and bipedal potential had been
well developed in our ancestors, quadrupedal locomotion
similar to that of today's baboons would have been
sufficiently adaptive. Had it come= later, after brachiation
had been well developed, specialization for that mode of
locomotion might have made effective adjustment to a
terrestrial habitat unlikely, and we would have perished on
the savannahs. According to this theory, our ancestors just
happened to be in the right place at the right time in their
evolutionary history when the right event occurred.

Human Evolution and Arid Zones

Even granted that desertification and deforestation
processes resulted in the descent of our ancestors from the
trees, what selective pressures in an arid environment would
lead them evolutionarily toward the genus Homo? Much
continuing debate has ensued over the exact sequence of
selective factors which led to Homo sapiens, and over which
species in the fossil record fit where. One scenario could
picture gradual changes occurring in the structure of the
leg and pelvis leading up to bipedal walking, an advantage
in arid or semiarid regions for covering long distances, for
early warning of approaching predators, and, later,
to observe the whereabouts and movements of potential
prey. Napier (1967) postulates, instead, that bipedalism
originated, not in the arid savannahs, but in the woodland -
savannah: "It is difficult to conceive of any advantage in
bipedalism that could have compensated for the added
hazards of life in the open grasslands." Woodland
savannah, he believes, would have provided both food and
arboreal escape, as well as open grassy spaces to practice
bipedalism. He too, however, feels that a full bipedal stride
must have evolved in open savannah.
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Because bipedalism also freed the hands from their
locomotor functions, the arboreal -developed prehensile
hands, with opposable thumbs, could then be used for
other purposes, such as carrying food and water. One
hypothesis is that bipedalism actually resulted from
carrying. Whatever the causes, and there were quite
possibly several, the carrying of food and water permitted
far more extensive excursions across arid country. While
man can go for days without food, he generally needs water
each day. "Acclimatization" to lack of water is an
impossibility. As succinctly stated by Kirmiz (1962), "The
main concern of man in the desert, therefore, is to avoid
dehydration and salt depletion."

The threshold skin temperature for reflex sweating,
which serves to maintain internal body temperature by
losing excess heat through evaporation, is about 30 ° -32 °C
for man (Prosser and Brown 1973 ). Production of sweat rises
dramatically as ambient temperature increases. As much as
12 liters of sweat may be produced by a person during a
very hot desert day, three times the amount of water
present in the blood stream (Schmidt - Nielsen 1964).
Average individual sweat loss in some Nevada measure-
ments was as high as 1.5 liters per hour (Adolph and Dill
1938), and according to Newman (1975), no other animal
is known to produce as much sweat for a given heat stress
as man, and no other animal is so affected by an internal
temperature rise. Such water loss has to be quickly replen-
ished or total bodily dehydration and death will result.
However, when water loss through the skin has been rapid,
a human cannot replace it all at once by drinking; a liter is
about the maximum which can be consumed at one time
without vomiting (Ladell, Waterlow, and Hudson 1945).

Drinking, then, has to be a gradual process, the same as
sweating and its evaporation. Man cannot store water
internally, as do some other mammals (Brown 1947), and
drinking large quantities in advance is almost useless
(Briggs 1975). Any lengthy travel across arid lands must
include means of transporting water to ensure that small
but constant amounts are available. This must have been
no small problem for our protohominid ancestors. So, while
the carrying of food almost certainly came first, methods of
transporting water would have opened up the first real
opportunities for extensive migration across arid country.
Later, when hunting strategies had been developed,
probably by Australopithecus, it also permitted longer
predatory excursions, thus expanding the resource base of
the population. The need for meat had surely increased
since the descent from the trees, as the desertification
process had decreased the available vegetable foods.



Carrying, of course, had a profound effect on hunting. It
facilitated the use of weapons, first for defense (allowing a
gradual reduction of the canines), then, once their lethal
capabilities had been understood, for offense. One could
speculate what might have happened if the protohominids
had not been forced into arid country. Not being bipedal,
they could not have carried weapons, hunted, or eventually
developed language. According to La Barre (1964): "If the
hominid somehow could have become a lone hunter and
had ditched his primate gregariousness, he would surely
have never have developed speech and would probably be
no more loquacious than a nest -pilfering solitary
orangutan." Hunting in groups certainly facilitated the
development of language.

The reduction of primate body hair probably also came
about through hunting (Montagu 1964). Loss of body hair
would have permitted the increased sweating capacity
needed for strenuous activity in open country. Forest
dwellers, on the other hand, have relatively few sweat
glands. Hunting, incidentally, has always been thought of
as a male activity and in the arid zones, at least, perhaps it
was (Sauer 1961). Modern human females sweat less than
males and their thermoregulation in hot climates is
consequently less stable (Dill 1975). Perhaps the female
sweating capacity is less developed because it was less used.
If female protohominids were continually burdened with
infants and children (the constant care of whom was
particularly critical in an arid environment if the species
were to survive), participation in hunting would have been
infrequent. Thus, while the male hunted, female activity
would have centered on child care and short -range
foraging. While learning better than the male the
immediate food potentials (Sauer 1961), she probably
sweated less. Isaac (1978) proposes that meat comsumption
and male hunting resulted in a male /female distribution of
labor, the establishment of a home base, and the sharing of
food, and sharing, he believes, resulted in "the physical
selection pressures that promoted an increase in the size of
the protohuman brain."

To return briefly to bipedalism, it can be stated with
some assurance that it led in yet another (but more
indirect) way to the emergence of Homo sapiens: Protohom-
inids had begun developing proportionally larger brains
(and thus cranial dimensions) than other primates. At the
same time, the female birth canal had to be wide enough
to permit the birth of a fetus, or the death of both would
result (as sometimes occurs even now without cesarean
section). But adaptation favoring bipedalism had the
potential of altering the pelvis sufficiently to interfere with
the passage of the infant's larger head.

The result was selective pressure favoring babies born
developmentally sooner. This, then, permitted the baby's
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smaller head to pass through the narrower (bipedal) female
pelvis. The infant could then continue its development,
including brain growth, outside the womb. As a result of
this adaptation, human infants are totally helpless at birth,
and for a long time afterward. Stated simply, in order for
our female ancestors to walk upright, their infants had to
be born prematurely and experience longer periods of
infancy, both in real and proportional terms. This was
critical: It inevitably led to closer social bonding (Schultz
1961), closer emotional ties, and an increased emphasis on
learning (including language), thereby setting the stage for
what was ultimately to become human socialization. Again,
one could extrapolate: Aridity led to bipedalism, which led
to longer periods of infancy and learning, which led to the
emergence of traits we regard as uniquely human.

As proposed by Jolly (1972), open arid country would
have forced these protohominids to maintain small family
units because the resources available in a working day of
food gathering (prior to hunting and water transportation)
would not have been sufficient to sustain a large band.
Solitary existence would likewise have been fatal for
unprotected females with infants and juveniles. (This family
structure, as we shall see, resembles that of today's arid-
adapted hamadryas baboons.) Later, but only in semiarid
lands, one could argue that the protohominids formed
larger multi - family bands for greater protection from
predators (as seen today with semiarid - adapted grassland
baboons). Large group hunting stimulated increased
communication, and, finally (with the mouth now totally
free from carrying), abstract language.

True language was the last step to humanity: Unlike
animal calls, language permits the arbitrary assignment of
sounds to objects or events, and the mental manipulation of
such objects or events in time and space. The cortical
representation of all these new abilities, meanwhile,
increased as a function of their adaptation and use,
ultimately resulting in the largest relative brain size of any
mammal, "averaging about 3 to 3.5 times as large as would
be expected even in a higher primate of human body
weight" (Radinsky 1975).

The rest is history: Australopithecus, Homo habilis,
Homo erectus, and Homo sapiens neanderthalensis, all with
larger braincases, intellectual capacities, and social inter-
action, making possible the domestication of fire, of
animals, and of plants, more efficient use of energy, and,
now, industrial society. We should remember, however,
that we have been discussing enormous time spans in simple
sentences and paragraphs. Acquiring bipedalism, for
example, probably took hundreds of thousands of years,
and our quick jump from Ramapithecus to Australopi-
thecus no less than 6 million years.



What Desert Primates Tell Us

While the adaptation of the early protohominids to arid
zone life can only be speculated upon at the present time,
the Miocene fossil record being very poor (Butzer 1977;
Leakey 1976; McHenry 1975), it is worthwhile to look at
the behavior and ecology of today's arid- adapted primates
as they may serve as models of how our ancestors may have
survived under such harsh conditions. Besides modern man,
there are three primates inhabiting arid and extremely arid
zones: The hamadryas baboon (Papio hamadryas), also
known as the desert or sacred baboon, the gelada
(Theropithecus gelada gelada), also known as the gelada
baboon, although it is probably more related to the
macaques (Rowell 1972), and the patas monkey
(Erythrocebus patas patas), also known as the red hussar or
military monkey. Some other terrestrial primates, including
the rest of the baboon species, inhabit semiarid regions, but
we shall restrict ourselves to the above generally arid and
extremely arid- adapted examples.

The hamadryas baboon (see Fig. 2) is native to the
Somali - Chalbi Desert of Somalia and Ethiopia, and the

Fig. 2 Typical male hamadryas baboon (Papio hamadryas).
Hamadryas baboons inhabit the Somali -Chalbi and Arabian deserts.
Photo credit: D.E. Sorby. Published by permission of Academic Press,
London, from Napier and Napier, A Handbook of Living Primates
(1968).
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Arabian Desert across the Gulf of Aden (Napier and
Napier 1968 ). Like humans, they need constant water, and
acquire it from natural rock pools or from digging holes in
desert sand (see Figs. 3 and 4). They eat roots, grasses,
insects, and lizards, and travel in small loosely - associated
family groups consisting of one dominant male, several
females, and their respective infants (Kummer 1968). This
basic polygamous family unit was probably also the one
adopted by early man in arid zones (and is still popular in
many parts today!), as it provides an advantageous foraging
strategy. The semi -arid grassland- adapted baboons of
sub -Saharan, East, and South Africa, on the other hand,
forage in troops of 30 to 80 individuals and, in an
extremely arid area, would most likely be unable to cover
sufficient ground to sustain themselves (DeVore and Hall
1965; Dolhinow 1972). As it is, the small hamadryas family
groups have home ranges of up to 13.4 kilometers (Jolly
1972), probably the largest among the primates. It should
also be stated, however, that, in studying the foraging
strategies of small but multi -male groups of olive baboons
in a fairly arid part of Ethiopia, some authorities have
questioned whether ecological pressures are indeed
responsible for the hamadryas single -male group composi-
tion (Rowell 1972).

While smaller groups probably are advantageous in
deserts, however, the extreme example, solitary existence,
would not be advantageous; it would expose individuals,
particularly females with infants, to predators, and would
also inhibit social learning. In short, it "would simply mean
disaster for the individual and disaster for the species"
(Washburn and Hamburg 1965).

All local hamadryas baboon family units congregate at
night in desert cliff shelters, up to a maximum of about
750 individuals, and the males take measures to ensure the
"faithfulness" of the females (Hall and Devore 1965).
According to Washburn and Hamburg (1965), "...the
different patterns of male and female behavior appear to
be a feeding adaptation, an adjustment to the most
extreme of desert conditions." Certainly this is unlike the
more promiscuous behavior of the grassland baboons and
many other primate species, and it is possible that such
sexual exclusivity was also adopted by our protohominid
ancestors in arid zones, being retained to the present in the
form of marriage. Crook (1970) has observed that different
kinds of animals will develop similar social organizations
under similar environmental conditions. We may thus be
seeing in the hamadryas baboon a reflection from our past.

The gelada is also native to Ethiopia's Somali -Chalbi
Desert, and inhabits both rocky gorges and the grassy slopes
below desert cliffs (Napier and Napier 1968 ). Geladas
appear to have a social structure transitional between the
hamadryas and the savannah baboon, their environment
also being somewhat transitional. Like the protohominids,
baboons and geladas are not overly specialized, and can
adapt to various ecological niches. Under conditions of
extreme aridity, geladas enforce the small hamadryas -type



Fig.3 A group of hamadryas baboons (Papio hamadryas) digging for water in desert sand. Photo credit: H. Kumer.
Published by permission of the Macmillan Co., Inc., New York, from A. Jolly, The Evolution of Primate Behavior (1972).

single -male family unit. The analogy to the early protohom-
inids is clear, and Jolly (1970) has gone a step farther. He
points out that the seed -eating gelada's incisors and canines
are small for a baboon. Its molars are large, resembling
those of our probable ancestor Ramapithecus, which he
believes also underwent canine - incisor reduction appro-
priate for a seed eater (see also Tattersall and Eldredge
1977).

The gelada has another peculiarity, shared also by the
third arid- adapted primate, the patas monkey, and that is
the formation of all -male groups. Like the single -male
family groups, the all -male groups are belived to be a result
of environmental factors. Crook (1966) found that such
groups, unencumbered by females with infants, could travel
greater distances and thus not consume the valuable desert
resources needed by the breeding single -male groups.

Finally, the patas monkey is found in both woodland and
open savannah and the arid strip running across sub -
Saharan Africa, from Senegal in the West to the Sudan in
the East (Napier and Napier 1970). Like baboons, they
prefer seeds, beans, fruits, insects, and lizards, and forage
in arid and semiarid country, often with tall grass. Patas
monkeys have been observed assuming a bipedal stance to
look above the grass when alarmed, and a bipedal gait
when carrying food. One can imagine similar behavior on
the part of the protohominids during their journey to
bipedalism.
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Fig.4 Hole in desert sand dug by hamadryas baboon [Papio
hamadryas] in search of water . Photo credit: H. Kumer. Published by
permission of the Macmillan Co., Inc., New York, from A. Jolly, The
Evolution of Primate Behavior (1972).



The only field study of patas monkeys has been by Hall
(1968), who found that, unlike baboons and other open -
country primates, their main defense seems to be silently
disappearing into the grass, although they are also the
fastest running of all the terrestrial primates. Also unlike
baboons, the male patas, about twice the size of the
female, does not exert dominance in the single -male
groups; the females, of which there are usually about a
dozen, have far more interaction among themselves than do
hamadryas females. The patas male stays with the breeding
group year- round, even when the females are not sexually

receptive (as mentioned above, non -breeding, all -male

groups also exist). As with the hamadryas baboon and the
gelada, more than one large male in the group would
needlessly overtax available resources needed by mothers
and infants, while no male at all would unduly expose
them to predators (again, perhaps, a reflection from the
primal beginnings of a human, polygamous marriage). The
male acts as a watchman, staying at a distance from the
females and diverting approaching predators away from
them by bouncing up and down in the grass and vocalizing
loudly. At night, individual family groups do not congre-
gate for sleeping, as the hamadryas and galadas do; patas
are smaller, and, in this case, security seems to be best
served by widely dispersed sleeping areas.

The male also inspects water holes from a vantage point
before the females approach. Hall (1968) noticed the rarity
of patas water hole use, and the briefness of their drinking,
and attributes their lack of thirst to the water- content of
their food, or the dew found on vegetation; he further
proposes that they "are habituated to a low level of water
intake." Whatever the case may be, patas have not been
observed to dig for water as the hamadryas baboons are
known to do.

Conclusions

It is interesting and perhaps valuable, on the one hand,
to compare the behavior of these three terrestrial primates.
All three, through adaptation to arid zones, have adopted
the single -male family unit, a behavior which may have
been adopted also by our protohominid ancestors in arid
environments, and identifiable today in our institution of
marriage. On the other hand, both biological and social
evolution involve enormously complex factors, and there is
a real danger in seeing too much in such similarities. As
pointed out by Hall (1968), the behavioral differences
between the hamadryas baboon and the patas monkey are
actually quite significant. One study purporting to compare
the social behavior of baboons with that of early man
(Washburn and DeVore 1961) identified only one similarity
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(play activity) out of 13 behaviors analyzed. The two
groups, however, were 1) baboons in general, as little was
known of the desert baboons at that time, and 2) "pre-

agricultural humans," a far cry from our primal
Ramapithecus.

One authority goes so far as to totally reject the desert
primate /early hominid analogy (Jay 1968). She states that
"...the adaptation of hamadryas baboons to such desert
conditions ... is a very special case that does not modify
speculation about the savannah- and forest - living ancestors
of man. The behaviors of the gorilla and the hamadryas
baboon have no direct implications for reconstructing
conditions of human evolution since there is no evidence
that our ancestors were either giants ... or desert adapted."

What can be stated, however, is that man, for most of
his existence, has been a hunter /gatherer (agrarian societies
being the product of only the past 10,000 years), and that
such strategies necessarily involved covering large and
probably arid or semiarid distances. Some human societies
still practice hunting and gathering, such as the Australian
aborigines and the Kalahari Desert bushmen (Lee and
DeVore 1968). Isaac (1978) believes that the subsistence
strategies of apes and the bushmen have "a far greater
degree of similarity...than had previously been rec-
ognized," and that in some instances "the differences
between ape and man are differences of degree rather than
of kind." He gives two examples of established differences:
1) primates do not postpone food consumption until
returning to a home base, and 2) they do not share food.

A recent study by Speth and Davis (1976) supports this
proposition. They compared data on faunal remains
recovered by the Leakeys from Olduvai beds I and II
(representing hominid predation from between one and two
million years ago) to the predatory activity of two modern
bushmen groups of the Kalahari. Olduvai is (and was), like
the Kalahari, arid and semiarid, and both represent similar
patterns of precipitation. The frequency distributions for
the eleven types of animals hunted are very similar for all,
groups, tortoises, carnivores, and bovides being the
preferred prey in all three cases. Furthermore, both the
bushmen and Olduvai monthly kills divide almost
identically into dry and rainy season months.

And so, we come to the end of our story, from the little
insectivores of the Cretaceous to the Kalahari bushmen of
the Twentieth Century, and indeed, to industrialized man.
We are a species which has once again returned to the
desert (indeed, perhaps we never really left it). But this
time we brought along our highways, our plumbing, and
our air conditioning.
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imaginary line
an inscription reading: Latitude 0 °0'0 ", and the visitor may
have his picture taken with one foot in each. Ecuador is a
land of great contrasting beauty where the Earth's waistline
never gets far away from the sun in its yearly rotation,
where there is no real summer or winter, spring or autumn,
but only two periods of dry or rainy weather. The presence
of the Humboldt Current offshore in the south is
responsible for frequent fogs, little rain, low clouds, and
temperatures cool for the latitude, thus creating an exten-
sion of the Peruvian coastal desert below.

divides both

FOREIGN STUDENT PROFILES
VI: José Andrés Vasconcellos

Ecuador (literally equator in
Spanish) is a small country of
less than 283,600 square kilo-
meters (Arizona: 295,140),
bisected longitudinally by the
Pan American Highway, 1370
km from Tulcán in the north
to Macará in the south;
bisected laterally by the
equator where a monument
marks the spot, the tour
guides tell us, where the
hemispheres of the world with

José Andrés Vasconcellos, now a doctoral candidate in
food and nutrition science at the University of Arizona,
speaks with feeling about Ecuador and its variety of land-
scapes, from the capital at Quito, 2830 meters above sea
level, to the great volcano Chimborazo rising over 3400 m
above that, to the great seaport city of Guayaquil where he
was born, to the warm coastal province of Esmeraldas
where Ecuador's newly -found oil on the eastern side of the
Andes finds its outlet at the end of the long pipeline that
snakes its way through the mountains, to the Galapagos
Islands 970 km offshore.

Recipient of bachelor's and master's degrees from the
University of California (Davis), the articulate forty -year -old
Vasconcellos, in a wide -ranging interview with Arid Lands
Newsletter's Editor, explained his belief in the need to link
his interest in food crops with a study of nutrition, and why
he thinks such a combined program will prepare him most
adequately for a career that would allow him to help his
country solve some of the nutritional problems of its
population (7,100, 000, half of whom live in one -sixth of the
country's land area) and the underutilization of human
resources.

Toward the southern coastal part of Ecuador, the
climate is arid to semiarid. Thorn thickets, scattered
clumps of low deciduous trees, and brush give way to giant
cactus and other desert plants. Only 76 mm of rainfall is
recorded anually at the Peruvian border. Arid lands crops
here, and along the coastal semiarid areas north of
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Guayaquil, might provide not only a better subsistence for
those elements of the population residing there, but might
even develop into export crops to deliver the country from
its near - dependence on bananas. The Buffalo gourd
certainly could be such a crop, Vasconcellos affirms, now
that we understand its potential value as a source not only
of oil but of starch and protein as well. He expressed his
personal satisfaction that he has been able to study this
particular plant in such depth here under Professors Berry
and Weber, members of the Department in which he is
presently matriculated. (See this issue of Arid Lands News-
letter, p. 1_7, for their's and Bemis' article on the Buffalo
gourd.)

"Will you go home, when your degree work is
completed ?" I asked him, loading the question by adding,
"I think your technical knowledge and experience are
needed."

He was quiet for a moment before he replied. "I do
want to, it is my dream, provided I can put that experience
and knowledge to work for my country."

"Just suppose for a moment," I persisted, "that you were
in a position to say in what direction you would wish to see
your country move as far as its development is concerned.
What would you wish most to be able to accomplish ?"

The answer tumbled out almost before my query was
finished. "More education and opportunities, more local
technical information, better transportation, better
marketing facilities, government commitment to a better
society composed of indigenous people with pride in their
heritage. The very mixture of our populations - Spanish,
Indian, black, mestizo, or even this fourth -generation
Portuguese! - means to me that we can create a stable
knowledgeable self -sufficient society, well- nourished, pro-
ductive, ingenious."

He paused for breath, and I rushed in: "Promise grand-
mother here that you will not go home and become an
affluent bureaucrat, forgetting everything we have talked
about today."

He laughed uproariously at this sally, pointing to a few
gray hairs of his own, and saying he was too old himself by
now to change his beliefs and not to be true to himself.
"Don't worry, pequeña abuela, my ties are strong there,
and I think I have not let the United States spoil me for
going home."

- Patricia Paylore



MEETINGS, MEETINGS, MEETINGS

International Congress of Ecology, 2nd, September 10 -16,
1978, Jerusalem, Israel. Sponsored by the International
Association for Ecology, The Ecology Section of the
International Union of Biological Science, and the Israel
Academy of Sciences and Humanities, National Council
for Research and Development, Environmental Protec-
tion Service, and Israel Ecological Society.

Topcs include: Structure and function of desert and
semi -desert ecosystems, Mediterranean ecosystems, physio-
logical and ecological adaptations to the desert environment,
man's impact on deserts - alternative and innovative uses,
convergent evolution in desert ecosystems, lakes in deserts
and arid regions, ecological monitoring, coastal zone
management, plants in saline environments. The sessions
will be followed by excursions to the Negev and Flat, and
the Jordan Valley and Galilee. There will also be a
post- congress conference on production and 'use of
microalgal biomass, and a two -week UNEP /UNESCO/
ICRO course in applied aquatic microbiology.

Contact: Dr. Uri Marinov, Scientific Secretary, P.O. Box
6158, Jerusalem.

International Workshop on the Management of Wildlife
in Arid Ecosystems, 1st, Cairo, Egypt, November 4-8,

1978. Organized by the Egyptian Academy of Scientific
Research and Technology, in cooperation with the
Egyptian Association for the Conservation of Natural
Resources.

Sessions are planned on energy, water, mineral resources,
ecology, and a day -long session on desert plants at which
the Director Emeritus of the University of Arizona's Office
of Arid Lands Studies, Dr. William G. McGinnies, will
speak on Guayule (Parthenium argentatum) as a potential
source of natural rubber for Egypt. General session speakers
include UNEP's Executive Director Mostafa K. Tolba, and
ICASALS (Lubbock, Texas) Director Harold Dregne.

Contact: Adli Bishay, Workshop Director, c/o Depart-
ment of Materials Engineering and Physical Sciences,
American University in Cairo, 113 Sharia Kasr el Aini,
Cairo.

Cancelled
The 3rd World congress of Water Resources, Sao Paulo,

June 29 -July 5, 1978, has been cancelled (originally
announced in Arid Lands Newsletter no. 7, February
1978, p. 18). If arrangements can be made to transfer the
Congress elsewhere at a later date, information will be
distributed at that time.

International Workshop on the Applications of Science
and Technology for Desert Development, sponsored by
the American University in Cairo and the U.S. National
Science Foundation, September 9 -15, 1978, Cairo.

The aim of the workshop is to raise awareness for
conservation of wildlife in arid ecosystems. Sessions will
include discussions on the role of wildlife in the develop-
ment of tourism, recreation, and land use in arid eco-
systems; endangered species in arid ecosystems and
environmental legislation; the necessity of establishing
wildlife centers, national parks, and reserves.

Contact: Professor A. Maher Ali, Secretary, c/o Office of
Local Conferences, Academy of Scientific Research and
Technology, 101 Kasr El Einy Street, Cairo.
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LARREA: A vast resource of the American Deserts. An
international conference organized by El Centro de
Investigación en Química Aplicada (CIQA), August 9 -11,

1978, Saltillo, Coahuila, México.

Designed to bring together dedicated scientists from
different disciplines to share their most recent discoveries
on this abundant desert plant, the conference will present
analyses of its ecology, geographical distribution, botanical
and physiological aspects, chemo- taxonomy, possible uses as
cattle feed, and alternatives for the application of the resin
of this shrub, which covers 300,000 square kilometers in
Mexico alone.

Contact: Sra. Y.C. de Betancourt, CIQA, Aldama Ote.
371, Saltillo, Coahuila.



? ?? HAVE YOU SEEN ? ??

Lawrence, R.F. (1977) A HISTORY OF THE NAMIB
DESERT RESEARCH STATION. Desert Ecological
Research Unit, Gobabeb, Namibia, Namib Bulletin [i.e.
Transvaal Museum Bulletin, Supplement 2], p. 3 -5.

Lawrence's account of the two men most responsible for
the establishment of the Station records their dream to
"build the first center of its kind on the continent of
Africa ... that the light of research might shine amid the
shifting sands of the desert, giving out impulses and
receiving in turn responses from the entire world of science.
Those of us who remain to watch the light which shines
from the tower in the Namib trust that in an uncertain and
changing world, it will stand and hold fast to the aims of
its founders."

Other features in this issue include briefs on
geomorphological research in the Namib, Namib
palaeoenvironments, palynological research on the origin of
the Namib Desert, Namib -oriented archaeological research
at the State Museum in Windhoek, and first -class
bibliographies of great value on the herpetology of the
Namib, Welwitschia mirabilis, and a cross -section of
worldwide publications on the Namib generally. Illustra-
tions include one of Dr. David Hughes who filmed the
recent National Geographic Society- sponsored T -V
documentary on biological adaptations on Namib fauna.

Schechter, J. (1978) THE NEGEV: A DESERT
RECLAIMED. Development Digest 16(1):104 -116.

Extracted from the Israeli Government's case study for
the UN Conference on Desertification. The Negev Desert in
southern Israel has been the locale for innovative methods
of introducing crop growing and livestock raising in a
hostile environment. This article outlines ways in which
scarce water supplies have been mobilized and applied, e.g.
in trickle irrigation, and the kinds of plants and animals
that have been found suitable.

Bulfin, R.L. /Greenwell, J.R., eds. (1977) THE APPLICA-
TION OF TECHNOLOGY IN DEVELOPING
COUNTRIES. Papers presented during an Interdisciplinary
Programs Seminar Series, August- December 1976.
University of Arizona, Tucson, Office of Interdisciplinary
Programs /Office of Arid Lands Studies. 176 p. $10.00.

Bulfin, R.L./ Weaver, H.L. (1977) APPROPRIATE
TECHNOLOGY FOR NATURAL RESOURCES
DEVELOPMENT: An overview, annotated bibliography,
and a guide to sources of information. University of
Arizona, Tucson. 166 p. (Available from Office of Arid
Lands Studies, $10.00).
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International Irrigation Information Center (1978)
IRRINEWS, no. 10, January. P.O. Box 8500, Ottawa KIG

3H9; or, Volcani Center, P.O. Box 49, Bet Dagan, Israel.
Air mail ed.: ISSN 030 4 -3606.

This issue contains brief discussions of remote sensing of
soil moisture, spray or drizzle irrigation, sun drives
irrigation system, drip estimates, and irrigation: Is it a
solution to the problem of arid and semiarid zones?

Morton, D.R. /Greenstein, M.A. /Cochran, A. (1977)
DIRECTORY OF CURRENT DROUGHT RESEARCH.
Natural Hazards Research and Applications Information
Center, University of Colorado, Boulder 80309. 81 p.

Represents a compilation of ongoing and recently
completed research pertaining to the drought conditions
which spread widely across much of the North American
continent beginning in the mid- 1970s. Sampling of current
drought research, what topics are of primary concern, who
is participating in research, and which funding agencies
have been active in its support.

Pandeya, S.C. et al (1977) THE ENVIRONMENT AND
CENCHRUS GRAZING LANDS IN WESTERN INDIA:
AN ECOLOGICAL ASSESSMENT. Final Report of the
Research Project on Genecology and autecology of Anjan
Grass (Cenchrus ciliaris) complex in western India.
Saurashtra University, Department of Biosciences, Rajkot,
India. 451 p.

Western India, its physical environment, the land, the
people. Includes information on population differences and
distributional patterns, net primary productivity and
climo -edapho- vegetational relationships, germinability of
ecotypes; with a case study of the use of systems analysis in
an arid -to- semiarid village ecosystem (the Rajkot district).
Approximately 350 references.

Gupta, R. /Prakash, I., eds. (1975) ENVIRONMENTAL
ANALYSIS OF THE THAR DESERT.

English Book Depot, Dehra Dun, U.P., India. 484 p.
Covers 1) landscape and landforms, origin and geomorphic
evolution, palaeobotanical history, man in the Thar,
evolution of land use and agricultural patterns, 2) soils of
the Thar, hydrometeorology, hydrogeological conditions in
desert areas of western Rajasthan, quality of subsurface
water for irrigation and soil salinity, 3) plant life,
phytogeography, plant associations, forestry and affores-
tation practices, range ecology and development, 4) locust
ecology, Thar desert termites, ecology of reptiles, birds,
ecology and zoogeography of mammals, wildlife ecology
and conservation.



Schreiber, J.F., Jr. /Matlock W.G. (1978) THE PHOS-
PHATE ROCK, INDUSTRY IN NORTH AND WEST
AFRICA. University of Arizona, Tucson. 21 p. Available
from Office of Arid Lands Studies. n /c.

A brief sketch of mining and exploration, mining
methods, processing, production and trade, and the use of
phosphate as fertilizer. The authors suggest that 70 percent
of the known total world reserves of phosphate rock
deposits occur in the area, that production generally is
increasing, but there is need to integrate regional
development of the industry and to extend technology of
phosphate use to farmers themselves in tandem with
adequate supplies at reasonable costs.

Vernet, R. (1977) RECHERCHES SUR L'ECOLOGIE DE
VARANUS GRISEUS DAUDIN (REPTILIA, SAURIA,
VARANIDAE) DANS LES ECOSYSTEMES SABLEUX DU
SAHARA NORD -OCCIDENTAL (ALGERIE). Thèse,
Université Pierre et Marie Curie. Ecole Normale
Supérieure, Laboratoire de Zoologie, 46, rue d'Ulm, 75230
Paris CEDEX 05, France.

Chang, Sen -dou (1977) CHINESE PERCEPTION AND
TRANSFORMATION OF ARID LANDS. UNITAR
Conference on Alternative Strategies for Desert Develop-
ment and Management, Sacramento, California, June 7,
1977. 18 p. typescript.

A brief survey, with emphasis on the Chinese work on
stabilization of sand dunes followed by reclamation of
sandy lands. 10 refs., the most current citations from 1970
publications in Chinese.

Flynn, E.J., ed. (1977- )GUAYULE NEWSLETTER v.1,
no.1, October 1977- 840 Sierra Madre Bl., San Marino,
California 91108

Keith, S.J. (1977) THE IMPACT OF GROUNDWATER
DEVELOPMENT IN ARID LANDS: A LITERATURE
REVIEW AND ANNOTATED BIBLIOGRAPHY.
University of Arizona, Tucson, Office of Arid Lands
Studies, Arid Lands Resource Information Paper No. 10.
139 p. $10.00.

Case studies, one focusing on the impact of groundwater
development on the Papago Indians, illustrating the
cultural and subsequent environmental changes occurring
when an assured groundwater supply is developed within an
area of previous water scarcity inhabited by a semi -nomadic
people; the other, through a discussion of groundwater
development in Pakistan, demonstrates the role ground-
water development can play in the economic development
process in developing arid countries. Such development is
not simply the result of the withdrawal of water.
Technology, through its growth and appropriateness, and
our institutions influence to a great degree the type and
magnitude of the impact of groundwater development. It is
through an understanding of these roles that desirable
impacts can be promoted and undesirable impacts
mitigated.

Batanouny, K.H. (1978) NATURAL HISTORY OF SAUDI
ARABIA: A Bibliography. King Abdulaziz University.
Jeddah, Publications [in] Biology 1. 112 +8 p.

In the total of 852 citations (in English) topics covered
include environment, plant life, fauna, land use, explora-
tions and expeditions, and bibliographies, each introduced
by a statement which attempts to establish a framework for
the following information. A 65 -item bibliography of
Batanouny's own publications is included in an appendix.

QUOTES

"...ThereThere is certainly a role for large -scale industries...
but not merely for the demonstration of sophisticated skills,
or as monuments of irrelevant foreign technology.
Appropriate technology means neither second -grade
technology (as many Third World critics see it) nor a
futuristic and theoretical technology (as it is in the west).
[We] look forward to dispersal of new industries into rural
areas, small -scale cottage industry, and appropriate
technology."

- George Fernandes
New Industries Minister for India, New Delhi
Earthscan Bulletin, v.1, no.2, April 1978
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? ? ?? DID YOU KNOW ? ? ??

... that Niger has developed the world's first solar - powered
TV service?

...that the possibility of future "petrochemical plantations"
is being explored by a group from the Laboratory of
Chemical Biodynamics, Lawrence Berkeley Laboratory,
University of California, Berkeley? Chemical analyses have
been made of a number of plant species to assess their
suitability as renewable sources of hydrocarbon -like photo-
synthetic products. Yields of rubber and wax, glycerides,
isoprenoids, and other terpenoids were estimated, and
individual sterols identified in latex from some species.

Although results of this research are still fragmentary, a
planting of Euphorbia lathyris at the University of
California's Santa Ana experimental area has so far
indicated a yield of not less than eight barrels of oil per
acre in the 7 -month growing season, February- September.
E. tirucalli and E. trigona are other species of Euphorbia
under investigation by Peter E. Nielsen, Hiroyuki
Nishimura, John W. Otvos, and Melvin Calvin, the latter
the subject of an in -depth interview in the Laboratory by
CBS News recently.

.., that the Desert Research Institute, the Sde Boker
campus of the Ben Gurion University of Negev, is alive and
well? flourishing atop Nahal Zin near Sde Boker Kibbutz,
deep in the Negev Desert where its desert research activities
are directly related to the environment. Projects going
forward there include climatologist Louis Berkovsky's
mathematical modelling of correlation factors affecting
drought- vegetation -rainfall; Michael Evenari's ecosystems
research; Amos Richmond's work with algae grown in
brackish -water ponds as high -protein feed additive; the
closed systems team's seawater greenhouse in the middle of
the desert - these and many other innovative undertakings
can be of enormous value to the future of world deserts.
Starting its third active year, the Israeli DRI is dedicated to
concrete investigations into the Negev's development, based
on a deep historical respect for this ancient land.

...that China is setting up thousands of bio -gas plants and
windmills made from bamboo for pumping water? (see
Arid Lands Newsletter No. 5, March 1977, p. 8 -9.)
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...that in the Sudan one of the biggest machines in the
world was due to start digging its way into the northern
edge of the Sudd, a vast papyrus swamp on the Upper Nile,
in the spring of 1978? In four or five years, the 350 -km
long Jonglei Canal, one of Africa's largest -ever engineering
projects, will have been completed, carrying one quarter
the flow of the White Nile.

The Sudanese see it as crucial to the development of
their country, saving from evaporation alone five cubic
kilometers of White Nile water per year. Triumph or
disaster?

The opposition warns that the scheme might alter
Africa's climate, dry up wells in the desert oases of Sudan
and Egypt, and damage wildlife and fisheries. The prospect
of the Sudd area becoming Africa's next desert, as has been
advanced by a Nairobi University professor, is regarded as
absurd by the proponents.

The developing country outlook, more aware of the
desperate needs of today than of the environmental
problems of tomorrow, is not prepared to postpone
development projects until every minor consequence has
been calculated.

-more in Earthscan Bulletin, v.1, no.3, May 1978

.., that Jordan has set up a desalination plant producing
550 gallons of water per day? The Royal Scientific Society
of Jordan is adapting this plant for use all over the Middle
East and manufacturing it for domestic use and for export.

...that the Israelis have been working for several years on
a method of producing test -tube fuel from bacteria grown
in salty and otherwise unusable water common in deserts?
A pilot plant will help determine if the high grade oil made
in the laboratory can be produced on a commercial basis.
The method converts algae called Dunaliella into oil by
treating it with hydrogen under high pressure. For this
purpose, the use of Dunaliella and its relatives, discovered
40 years ago growing in the Dead Sea, would involve
building huge solar ponds or small lakes of heavily salted
water. Unlike normal lakes, water in solar ponds does not
circulate, and is hotter at the bottom than at the surface.
Biophysicists at the Hebrew University in Jerusalem estimate
that a 400 -square -mile solar pond, about one -tenth the size
of Israel's Negev Desert, might supply Israel's energy needs
by 1980.



INTERNATIONAL VISITORS TO OALS /UA

ALGERIA:
M. Mohammed Farhi, Sous - Directeur de la Formation a
l'Etranger Ministére de l'Enseignement Súperieur et de la
Recherche Scientifique, Alger, January 24, 1978.

IRAQ:
Dr. Abbass A. Abbass, Director Général des Bourses,
Ministére de l'Enseignement Súperieur, Baghdad, January
24, 1978.

ISRAEL:
Dr. Haim Tsoar, Professor, Department of Geography,
Ben - Gurion University of the Negev, Beer -Sheva, January
18 -20, 1978, invited by the University of Arizona to lecture
on "The Dynamics of Wind -Blown Sand as it Affects the
Distribution of Sand in Deserts of the World."

Dr. R. Gerson, Professor of Geography, The Hebrew
University, Jerusalem, a specialist in desert geomorphology
and sediments in desert basins. Gerson will be the leader of
the post -congress excursion into the Negev and Rift Valley
following the 10th International Congress on Sedimentology
in Jerusalem, mid July 1978.

Dr. Joseph Morin, specialist in infiltration, runoff, and
erosion studies of the Israel Soil Conservation Division of
the Ministry of Agriculture, Rehovot, June 1978, on his way
back to Israel from an assignment in Bolivia.

Dr. Joseph Morin.
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Dr. Abbass A. Abbass

JORDAN:
Captain Mohammad Khair Majeed, Royal Signal Corps,
Amman, Jordan, February 3, 1978.

MEXICO:
Lic. David Velazquez Torres, Secretario General, and
Profesor Jaime Graniel, Universidad Autónoma del Estado
de México, Toluca, May 22, 1978.

OMAN:
M. Musa Jaffar Hassan, Director of Scholarships and
International Relations, Ministry of Education, Muscat,
January 24, 1978.

SUDAN:
Professor Abdel Ghaffer M. Ahmed, Department of
Anthropology, University of Khartoum, April 6, 1978.

TUNISIA:
M. Hedi Annabi, Attaché de Cabinet, Premier Ministére
Tunis, May 9, 1978.
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