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IN MEMORIAM.

MARK BARRINGTON LYNHAM

JANUARY 2, 1939 - JULY 31, 1991

ARID LANDS RESEARCHERS HAVE
lost a valued friend and colleague. Mark
Lynham, a Research Associate with the Of-
fice of Arid Lands Studies, died this summer
in Tucson, Arizona.

Mr. Lynham was born in Kinshasa,
Zaire, where he received his early schooling.
He later attended Dover College in England
and Ecole Cantonale d'Agriculture, Grange-
Verney, in Switzerland. Twenty years with
the British American Tobacco Company
Ltd., in capacities ranging from Junior Leaf
Extension Manager to Regional Leaf Devel-
opment Manager, intervened before he took
up his studies anew at The University of
Arizona. He earned a Bachelor of Science in Agricultural
Economics from the University in 1981, a Master of Science in
the same discipline in 1983, and was a doctoral candidate in Arid
Lands Sciences at the time of his death.

His work for British American Tobacco's Leaf Department
took him to the United Kingdom, El Salvador, Panama, Venezu-
ela, Nigeria, Zimbabwe, Kenya, and Bangladesh. His research
and consulting work took him to Venezuela, Mauritania, Senegal,
The Gambia, Burkina Faso, and Madagascar.

As he traveled from post to post, his advice in matters
agricultural was sought by presidents and their advisers, by
governors and their ministers, and by local villagers.

In Kenya, Mr. Lynham served on local and regional corn-

and on -farm

mittees concerned with watershed man-
agement, irrigation development, and ru-
ral and agricultural development.

In Mauritania, as Chief of Party for an
AID - funded project, he developed a work-
ing strategy and a five -year plan for the
Mauritanian national agronomic research
center (CNRADA) and was charged with
institutionalizing Farming Systems Re , .
search -Extension methodology in that
country.

Wherever he traveled, he worked with
local farming communities to spread the
word about sustainable agricultural meth-
ods in arid lands; he conducted laboratory

research, established extension programs, and
organized reforestation projects.

Always, his eye was on the future.
Somehow, he managed to pursue a full personal life, too,

finding time to paint, to sculpt, to make photographs, to talk
late into the night of ideas and dreams.

On May 19, 1964, he married Glenna Jean Schuler of St.
Paul, Minnesota. She and their children, Karl and Kirsten,
survive him. They have asked that anyone wishing to honor Mr.
Lynham's memory in a tangible way contribute to the Mark
Lynham Endowment Fund for African Students at The Univer-
sity of Arizona, by making a check payable to the University of
Arizona Foundation /Agriculture/Lynham Fund.

Remembering

This issue of the Arid Lands Newsletter is about remembering of the most basic sort. It's about remembering those;who came

before and their ways of doing things. Without this base we cannot gain true knowledge.
Ethnobiology embodies this fundamental kind of remembering: How did our ancestors use this plant or that animal? What

were the benefits they derived from them? Maybe we have forgotten too much. And so we present here some information that
has been remembered in the hope that it will remind all of us of this basic truth: To have a balanced perspective we must

integrate the wisdom of those who have gone before with the pursuits of those working on the cutting edge.
On a personal note, with this issue of the Arid Lands Newsletter I am bidding farewell and remembering, with fondness, my

association with the Office of Arid Lands Studies and my time as editor of the Newsletter. I thank OALS and the Newsletter's

founding editor, Patricia Paylore, for the opportunity to store up so many fine memories.

-- Emily E. (Whitehead) Sherbrooke
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Gila River Pima Dietary Reconstruction

Amadeo M. Rea

The Gila River Pima, or the Gileños, as they were known in Hispanic colonial
times, are the northernmost group of Tepiman- speaking people; they inhabit
lands from northern Jalisco in Mexico to the Phoenix region in Arizona. Their

self -designation is Akimel O'odham, or River People. Their Piman relatives in the
United States are various dialectical groups comprising the Tohono O'odham (Papago)
in southwestern Arizona and the now extinct Sobaipuri in southeastern Arizona.

This desert riparian people made a livelihood of gathering, farming, fishing, and
hunting. Their agriculture was dependent on the biannual rise in the Gila flow: the first
in the spring with the melting snow in the Gila headwaters, and the second with the
advent of summer monsoonal storms from the south. Water at these times was diverted
by brush weirs into an elaborate system of ditches that irrigated the nutrient -rich lower
terraces of the river.

It is not known for certain when the Gileños arrived at their riverine oases, but all
versions of the Pima Creation Epic, as well as their oral history, tell of a Piman conquest
of a puebloid people who were already living in these desert valleys. Archaeologists call
the earlier people the Hohokam. The last evidence of the distinctive Hohokam culture,
with its hundreds of miles of irrigation canals, characteristic ceramics, and complex of
meso- American elements, disappears from the archaeological record by A.D. 1400 -1450.

The new people, coming from somewhere in the Piman heartland, were culturally
preadapted to use the flora and fauna at the northern fringes of the Sonoran Desert. And
in spite of what appears to the outsider to be a rigorous environment, the Gila River Pima
maintained a stable culture in their desert riparian ecosystem for at least four centuries.
We know that it was stable and well within the local carrying capacity from numerous
documentary accounts. Both Jesuit and Franciscan travelers in the Hispanic period
marveled at the industrious and provident people they encountered on the Gila. Early
in the Anglo period, the Gileños were able to respond to the needs of military and civilian
Anglo immigrants, producing prodigious amounts of grain and other supplies far in excess
of their own needs, for commerce.

At least 95 biological species of plants entered the dietary of the Gila River Pima.
Thirty of these are post- contact species (16 introduced annual crops and 14 fruit trees; this
list excludes crops and products that were not named, such as olives, pepper, and okra, but
that were occasional dietary items.) This leaves nearly 65 native plants known to have
been eaten at some time during the River People's annual cycle.

The Gila River Pima and their kinfolk, the Salt River Pima, are now best known not
for their highly successful adaptation to desert living, but rather for having the highest
known incidence of adult -onset diabetes of any ethnic group in the world. This condition
was virtually unknown early in the century, but by World War II significant changes had
occurred in Pima environment, culture, and eating habits. The ecological conditions that
support desert rivers form a fabric that is easily damaged. Through a whole series of land -
use changes, primarily in the watersheds, the Gila River suffered irreversible damage. The
economic backbone of the tribe was destroyed. The people switched from what was
essentially a subsistence economy to a cash economy. The River People became a people
without a river.

The nutritionally poor modern diet is a dim reflection of what aboriginal and early
colonial Pima once ate. One might wonder whether it is possible this late in the
acculturation process to reconstruct the aboriginal diet of the River People. I think the
answer is a qualified yes. The historical subsistence diet is known in considerable detail.
Older people living today grew up when a cash economy hardly affected the diet. Roads
at the time were scarcely passable parts of the year and flooding rivers sometimes cut off
travel altogether, so that families had to be relatively self -sufficient. Purchase of most
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store commodities required a rough wagon trip into Phoenix or
one of the other off- reservation Anglo settlements. By the
1880s and 1890s, the Gila River was beginning to show serious
effects of watershed damage, and people of the upper villages in
particular were feeling the pinch as a traditional lifeway slipped
from under them.

Protohistoric Subsistence Diet
The lands of northwestern Sonora and what is now southern
Arizona were known as Pimeria Alta in Hispanic colonial
times. This area included the lands from the Gila south to
the Rio San Ignacio, and from the Rio San Pedro west to the
Gulf of California. Direct documentary accounts for this far
north are sparse. Jesuit contacts in the colonial period were
limited to southern and central Pimeria Alta; no missions
were established on the Gila until the American period.
However, using "ethnographic analogy" and Pima oral
history, we can reconstruct the Pima diet before the intro-
duction of Euro -Asian crops and animals, and before the
ecological changes in their riverine habitat. As a baseline,
the protohistoric Gileño diet is assumed to include all
indigenous crops and all native plants and animals known to
have been harvested during historic times.

Wild Crops. In spite of being an agricultural people
whose skills were praised by both Hispanic and Anglo
itinerants encountering them, the Gileños were until the
twentieth century dependent on wild harvest for about half
their annual diet. The major wild crops included velvet
mesquite (Prosopis velutina), saguaro (Carnegiea gigantea),
agave (Agave deserti and perhaps other species), and cholla
(Opuntia spp.).

It is not known for certain when the

Gileños arrived at their riverine oases,

but all versions of the Pima Creation

Epic, as well as their oral history, tell

of a Piman conquest of a puebloid

people who were already living in these

desert valleys. Archaeologists call the

earlier people the Hohokam.

Mesquite bosques once were found throughout Pima
country. Excessive woodcutting during the late 1800s and
early 1900s - the drought years - cleared most of them,
and the later downpumping of the water table prevented
even this deep -rooted tree from finding moisture on most of
the reservation. Before these ecological changes, the Pima
stored great quantities of mesquite pods in large arrowweed
baskets or bins. Two crops usually appeared each season: the
first about June, the other about September. Mesquite pods
crushed in a wooden mortar and then soaked in water
produced a drink called vau. It was so frequently used at
meals that native consultants compared it to coffee. The
flour from crushed mesquite pods was made into an
uncooked cake or loaf that found a frequent place at meals.
Various other dishes were made from the mesquite or
screwbean mesocarp. Judging by both ethnohistorical and
documentary evidence, mesquite must have been the staff of
life for the Gila River Pima.

The saguaro provided another abundant and seldom -
failing crop, this one available in midsummer. So important
was saguaro in the annual cycle that the Piman "New Year"
began with the Saguaro Harvest Moon. The sweet pulp of
the fruit is filled with seeds rich in protein and fat. This
pulp was dried whole, as well as being prepared directly as
jam and syrup. The ground seeds were mixed with grains to
make a porridge or were made into a paste resembling
peanut butter. Some of the syrup was fermented for the
annual wine feast, an elaborate liturgical celebration
intended to bring rain and to continue it through the
monsoonal growing season.

In addition to mesquite vau, the Pima made several
other beverages. Wolfberry crushed and boiled with water,
and sometimes with whole wheat or white flour, was drunk
cold. Ripe saguaro fruit made a similar cold drink.

A third major wild harvest was of cholla buds, which
were gathered in spring. The major species (Opuntia
acanthocarpa) was ready in March or April, and the second-
ary species (O. arbuscula) about a month later. The green
calix with the entire unopened flower was picked, pit -
roasted with seepweed or inkweed (Suaeda moquinii), then
eaten fresh or dried for future use. When dried, the roasted
buds occupied little storage space and lasted indefinitely.

Pit -roasted agave hearts may have been the fourth
major wild resource in aboriginal times. While their
procurement was labor -intensive, the yield was great. The
dried product was very sweet and could be stored indefi-
nitely. The drawback was that the agave harvest took the
Gileños away from the relative security of their villages into
the outlying desert ranges, where they were vulnerable to
attacks by the Apache. (Athabascan raiding probably
became a serious threat at about the time of the arrival of
the Jesuits in northern Pimeria Alta.)

Wild greens were an important part of the Pima diet.
Most of the species were eaten boiled or were boiled,
strained, and refried. Many of the species gathered grew in
profusion as a result of the Gileños' agricultural practices.
The annual cycle of greens covered most months of the year.



If winter rains came from the Pacific, patota (Monolepis
nuttalliana), a small chenopod, grew on bare disturbed soils of
the floodplains. In late winter and early spring, eremalche or
star mallow (Eremalche exilis), wild heliotrope (Phacelia spp.),
and fiddlenecks (Amsinckia spp.) grew on the bajadas, and
wild sorrel or dock (Rumex spp.) grew in the marshes. (All
four of these dropped entirely from the Pima dietary; one
suspects they were spring starvation -season foods.) In the
hot spring, several goosefoots and two annual saltbushes were
(and by some still are) harvested in abundance. During
summer, Pima fields produced two other important greens:
verdolagas or common purslane (Portulaca spp.), and
Palmer's carelessweed or bloodroot amaranth (Amaranthus
palmeti). The leafier species, especially the saltbushes and
amaranth, were dried and stored for year -round use. Between
the fresh and dried products, the Pima were never without
their greens during the year.

Several seed plants were used to make mucilaginous
drinks that we know were highly esteemed, even though they
have completely fallen from the Pima dietary during the past
half- century. These include chia (Salvia columbariae) and the
so- called Indian wheat (Plantago spp.). Certain conditions,
particularly winter and spring rains, produced great crops of
wild plants. The Pima fire drives also probably stimulated
wild plant growth in specific areas, making harvesting easier.
Another beverage was made from a tansy- mustard
(Descurainia pinnata), a native plant, and later from a similar,
introduced mustard, London rockets (Sisymbrium irio), which
now is abundant in Pima country. The seeds of both were
mixed with water to make a drink or were parched before
mixing with water to make a kind of pinole (parched and
ground seeds). With all four of these species, the seeds
absorb great quantities of water when immersed, yielding a
mucilaginous mass. With changing tastes, these fell out of
favor. One old Pima described the chia drink to me as
"something nasty, like when you have a cold."

Certain foods were snack foods eaten primarily by
children. These included the tubers of several bulrushes and
nut -grasses (Scirpus spp., Cyperus spp.), the bulbs of bluedicks
or covena (Dichelostemma pulchellum), the pulp of a fishhook
cactus (Mammillaria microcarpa), the fruit of the hedgehog
cactus (Echinocereus engelmannii), Wright's groundcherry
(Physalis acutifolia), and adult cicadas. The fruit of fan palms
(Washingtonia filifera) later was added.

Other foods were snacks indulged in by all age groups.
Both the white and amber sap from the velvet mesquite and
screwbean (Prosopis pubescens) were relished. Catkins (male
flowers) of cottonwood (Populus fremontii) in about February
and mesquite later in spring were eaten as is, while squash
blossoms were cooked with crushed wheat as a conventional
soup. The oily seeds of both the wild and domestic devil's
claws (Proboscidea spp.) were a welcome addition to the diet,
as were the seeds of cotton (Gossypium hirsutum) and various
cucurbits.

In addition to these major wild crops (mesquite, saguaro,
cholla, agave, and seasonal greens) the Gila River Pima
made use of many other wild plants. Most of these were
available only seasonally.

In spite of what appears to the outsider

to be a rigorous environment, the Gila

River Pima maintained a stable culture

in their desert riparian ecosystem for at

least four centuries . We know that it

was stable and well within the local

carrying capacity from numerous

documentary accounts. Both Jesuit

and Franciscan travelers in the

Hispanic period marveled at the

industrious and provident people they

encountered on the Gila.

The Gila River Pima made use of several arboreal
legumes in addition to mesquite. The peas from the little -
leaved paloverde (Cercidium microphyllum) were harvested
and eaten raw while still tender or were cooked when
halfway mature. Dry ironwood seeds (Olneya tesota) provided
another crop in midsummer; leached and roasted, they tasted
like peanuts. Flour processed from the screwbean was used
somewhat like the more abundant velvet mesquite.

Pima women dug the small tubers of the camote -de -raton
or hog -potato (Hoffmanseggia glauca), even though these
grew at considerable depths. Occasionally, even the flesh of
the barrel cactus (Ferocactus spp.) was prepared as a special
dish with mesquite pods.

Both graythorn (Zizyphus obtusifolia) and elderberry
(Sambucus mexicana) grew abundantly in Pima fence rows.
Both produced fruits the Pima gathered. Graythorn was used
until recently. With the drying of Pima country, the water -
loving elderberry was almost forgotten, but earlier Hispanic
missionaries had complained that the Upper Pimas in
northern Sonora brewed a wine from this tree that kept the
Indians drunk for days.

Two parasitic plants and one fungus contributed to the
aboriginal Pima diet. In late winter, desert broomrape
( Orobanche cooperi) appeared in washes and other sandy
places. Broomrape was gathered when it had just began to
emerge and most of its succulent stalk was below ground; it
was eaten cooked or raw. Desert mistletoe (Phoradendron
californicum) often infested arboreous legumes. The pinkish
berries were eaten cooked or raw. One mushroom that grew
on the trunks and fallen logs of willows along the river was
made into a gravy.
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Trade with the Tohono O'odham, or central desert
Pimans, brought to the Gileños saya roots (Amoreuxia
palmatifida), cakes of banana yucca (Yucca baccata), acorns
(Quercus spp.), chiltepines (Capsicum annum), and several
other plants that did not grow in Pima country.

The Pima were not without sweets, although some
sources supplied only very small amounts. In addition to the
saguaro fruit products and dried yucca and agave already
mentioned, there were several insect sources of sweets. A
carpenter bee that bored into the agave stalk stored pollen
and nectar for its larvae. Another bee put regurgitated
nectar into chambers in the ground. And certain plants had
a kind of honeydew on the leaves, apparently secreted by a
scale insect. A Pima described this to me as "like manna in
the Bible."

The Gila River Pima and their kinfolk,

the Salt River Pima, are now best

known not for their highly successful

adaptation to desert living, but rather

for having the highest known incidence

of adult -onset diabetes of any ethnic

group in the world.

Cultivated Crops. At least six food crops formed the
backbone of Gila River Pima aboriginal agriculture. These
cultivars were maize (corn), squash and pumpkins (several
species), teparies, limas, grain amaranth, and grain chenopod
(huauzontle). For lack of an archaeological record, it is not
known how long these were in use among the protohistoric
Pima, but the first four (corn, squash, and the two species of
beans) are well attested in Piman song, symbolism, cer-
emony, myth, and oral tradition. The two pseudocereals
(amaranth and chenopod) persisted into the late nineteenth
century, then vanished. It is not known whether the Pima
cultivated the common (kidney) bean in this early period.
There is internal evidence that they did not. Unlike the
tepary and lima, it is a species not well adapted to local
environmental conditions. Cultivated grasses may have been
among the crops. All these crops were readily stored for use
throughout the year. Even the flesh of the two cucurbits was
dried for later use, as were their seeds.

Maize doubtless was the major grain food. Its symbolism
pervaded myth, song, and ceremony. In legend, corn is a
fickle deity. Presumably, this reflects a real -life situation:
corn was a variably productive crop.

Spring crops were planted when the mesquites leafed
out, a sign that the crop would be safe from freezing weather.
At that time, the snows melting in the Gila headwaters
raised the river flow so that fields on the lower terraces and
islands were readily irrigated. A second planting came at the
beginning of the summer monsoon season when the river
rose once again. During this "short planting" the Pima
hoped to gather a second crop before the late autumn frosts.
With so- called 60 -day corn varieties and other quick -
growing localized land races, they usually were successful.

There are hints that some native grasses were cultivated,
but the evidence thus far is tenuous. These might have been
winter crops, a third planting.

A recent suggestion has been made that the Upper
Pima, like their Hohokam predecessors, cultivated agaves on
terraced bajadas or piedmonts. There is no ethnohistorical
or ethnographic evidence among the Gileños for such a
hypothesis, even though this was a widespread practice
among many (if not most) meso- American groups.

Animal Foods. Of the major forms of animal protein
procurement - garden hunting, communal drives, fishing,
and big -game hunting - the last was the least significant for
the Gila River Pima. On a day -to -day basis, fishing and
garden hunting of small rodents (particularly cotton rats:
Sigmodon spp.) and lagomorphs (both jackrabbits and
cottontails) kept meat in the pot, as did continuous trapping
of small granivorous birds, such as migratory sparrows and
buntings in winter and quail and doves year -round. In other
words, the Pima exploited the animals that exploited the
lush local conditions that the Pima themselves created by
their water management practices.

Fishing once was a mainstay of animal protein for the
Gileños, as attested by the earliest explorers. Older Pima
described to me eight named species of fish, five of them
native. At least three of these were important food resources
for a fish -loving tribe. (Not one of these survives on the
middle Gila today.)

Environmental Stress. In spite of wild crops,
cultivated crops, and both hunting and fishing, the Pima
complained of a stress period in the spring. During April and
May (and, aboriginally, June ?), stored goods were at their
lowest ebb and game animals at their least abundant. This
may have been the time of the highest consumption of wild
greens. But it also was the time of the seasonal availability of
wolfberries (Lycium spp.) and cholla buds, two major wild
crops that have maintained their cultural importance even
today.

In addition to the annual spring stress period, there were
actual starvation times. Drought could affect the local soil
moisture and the production of wild crops, as well as the
volume of water available in the river for cultivated crops.
At such times the people were forced to rely on "starvation
foods," such as the seeds of pickleweed (Allenrolfea
occidentalis) and quail -bush (Atriplex lentiformis), which
otherwise were not favored, Seeds of the catclaw (Acacia
greggii) also may belong in this category. Some of the wild
greens that now have fallen into disuse may have been



Table 1. Wild plants in the Gila River Pima dietary

1. Greens
Seasonality Importance Source Part(s) eaten Preparation

Amaranthus palmeri 5 L L B

Atriplex elegans 2 Mi L L B

Atriplex wrightii 5 M L L B

Chenopodium cf. album 2 L L
Chenopodium desiccatum var. leptophylloides 2 Mi L L B

Eremalche (Malvastrum) exilis 2 Stre L L B
Monolepis nuttalliana 1 M-Se L L B

Phacelia spp. 2 Stre L L B
Portulaca oleracea, P. retusa 3 M-Se L L B

Rumex violascens, R. crispus 2 Mi L L B

Sonchus asper 2 L L R
Sonchus oleraceus 2 L L R, B

2. Other wild plants
Fungi, Willow Mushroom L All B
Scirpus maritimus var. paludosus 5 L U R
Typha domingensis 5 L U R
Cyperus spp. 5 L U B

Phalaris minor, P. caroliniana 2 L S Par
Plantago insularis, P. purshii 2 L S
Allenrolfea occidentalis ? L S
Atriplex lentiformis ? L S
Lycium spp. 2 M-se L F R,B
Suaeda moquinii 2 Mi L L Pit
Ziziphus obtusifolia var. canescens 3 Mi L F R,B
Acacia greggii 3 Starv L S ?

Cercidium microphyllum 2 Mi L S R,B
Olneya tesota 3 Mi L S Par
Phoradendron californicum ? Snac L F R,B
Populus fremontii 1 Snac L Fl V
Prosopis pubescens 3,4 M-St L F V
Prosopis velutina 3,4 M-St L F V
Quercus turbinella 4 Snak T F R
Sambucus mexicana 3,4 Snak L F R
Washingtonia filifera ? Ch L F R
Amoreuxia palmatifida ? Mi T U
Capsicum anuum 5 M-st T F R,B
Cucurbita digitata 5 Snac L S Ro
Descurainia pinnata 2 M-oc L S Wa
Sisymbrium irio 2 M-oc L S Wa
Dichelostemma pulchellum 2 Ch L± U R
Hoffmanseggia densiflora 5 M-oc L U B,Ro
Orobanche cooperi 2 M-se L U R,Ro
Physalis a. wrightii 4 Ch L F R
Proboscidea spp. 3,4 - Snac L S R
Salvia columbariae 2 M-oc L S R,Par
Sarcostemma cynanchoides ssp. hartwegii 2,3,4 Ch L Sap Ro
Agave deserti 2 M-st Ex heart Pit
Carnegiea gigantea 5 M-st L F V
Echinocereus engelmannii 2 Snac L F R
Ferocactus spp. 5 Mi L Pulp B
Mammillaria microcarpa 5 Ch L Pulp R
Opuntia acanthocarpa 2 M-st L Fls Pit
Opuntia arbuscula 3 Mi L Fls Pit
O. x kelvinensis 2 Mi L Fls Pit
Opuntia engelmannii 4 Mi L F R
Opuntia leptocaulis Mi L F R
Yucca baccata 5 Mi T F R,Pit

Seasonality
1 = winter
2 = spring
3 = summer
4 = fall
5 = year -round (stored)

Value /Importance
M -st Major food, staple
M -se Major food, seasonal
M -oc Major food, occasional
Mi Minor food
Snac Snack food
Ch Children's food primarily
Stres Stress season food (spring)
Stary Starvation food

Source
L
Ex
T

Local gathering
Long distance expeditions
Trade (Tohono O'odham)

Part(s) Eaten
Fls Flowers
F Fruits
L Leaves
U Underground parts (roots, tubers, bulbs)
Pulp Stems of succulent plants

Preparation
R Raw
B Boiled
Par Parched
Pit Pit roasted
Wa Mixed with water
Ro Roasted (baked on coals)
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Table 2. Cultivated plants in the Gila River Pima dietary

1. Aboriginal

Amaranthus cf. hypochondriacu

Chenopodium berlandieri var. nuttaliae

Cucurbita spp.

Gossypium hirsutum

Phaseolus acutifolius var. acutifolius

Phaseolus lunatus

Zea mays

2. Post -contact

a. Crops

Allium cepa, aggregatum group

Allium cepa, cepa group

Allium sativum

Capsicum, cultivated forms

Cicer arietinum

Ci rullus lunatus

Cucumis melo

Ipomoea batatas

Lactuca sativa

Lens esculenta

Lycopersicon esculentum

Opuntia ficus- indica

Phaseolus vulgaris

Pisum sativum

Solanum tuberosum

Sorghum bicolor [sweet sorghum]

Triticum aestivum

Vigna unguiculata

b. Fruit trees

Citrus limon

Citrus x paradisi

Citrus sinensis

Ficus carica

Malus pumila

Morus alba

Musa x paradisiaca

Phoenix dactylifera

Prunus armeniaca

Prunus domestica

Prunus persica

Punica granatum

Pyrus communis

Vitis vinifer

starvation foods. Examples are wheelscale saltbush, wild
heliotrope, and fiddleneck. The few old Pima who recall
these being eaten have commented that they either were
tasteless or had objectionable textures.

Post -Contact Dietary Changes
The Hispanic Period (1694 -1849). With the arrival of
Hispanic colonists in the Pimeria Alta in the 1680s, pro-
found changes affected the lives of the native peoples on the
frontier. Direct Spanish contact with Gileño and Sobaipuri
Pima came in 1694, but changes already were under way that
affected the Pimas' external and internal environments. The
Gila River Pima were far enough out on the fringes of the
Spanish Colonial frontier that they selectively filtered and
absorbed into their culture what they wished, while main-
taining their culture intact.

The introduction of nonlocal crops in the Hispanic and
Anglo periods considerably modified the Pima diet. Sixteen
new crop species and more than a dozen kinds of fruit trees
ultimately were added to the Gileño repertoire. Some of
these were major crops. Wheat, in particular, filled an
apparently vacant niche superimposed on the double
cropping cycle, adding a third, winter planting. Wheat
proved so successful that it eclipsed all other crops in
importance. With the 1849 Gold Rush and a continuing
flow of Anglos to the new state of California, the Gila people
had a ready market for their surplus wheat, until the water
supply in the Gila began to peter out. By the 1890s the Pima
were destitute and the Gila River permanently damaged (Rea
1983; Dobyns 1978, 1981).

Extracted QuotesVarious pulses now entered the Pima
fields and diet, though their relative importance varied; the
introductions included garbanzos, black -eyed peas, lentils,
peas, and, perhaps at this time, common beans.

From a suite of Old World seasonings the Pima selected
several (onions, garlic) but declined most (anise, cilantro,
mint, mustard). Even onions and garlic may have been
adopted much later in the Anglo period. Salt and chiles
have remained the ubiquitous northern Piman seasonings.

The watermelon and muskmelon, both introduced
novelties, proved so popular that they dispersed northward in
advance of the Spaniards themselves. Sweet sorghums were
esteemed additions; their crushed stalks produced a juice for
making syrup.

Many of the new crops were added to the earlier
repertoire, but wheat production largely eclipsed maize as
the basic crop. Wheat tortillas became the staple of most
meals. Even the oldest people today cannot remember
anyone making corn tortillas. Wheat replaced corn or
mesquite flour in many other preparations, too. Wheat
pinole (grains parched with coals and finely ground) was a
staple both for travelers and for those at home. It needed
only to be mixed with water to make a hearty cereal drink.

A main goal of the Jesuit Fr. Kino was to establish cattle
ranching as a firm economic footing for mission endeavors in
Pimeria Alta. Although never missionized during the



Adult -onset diabetes was virtually

unknown among the Gileño early in

the century, but by World War II

significant changes had occurred in

Pima environment, culture, and eating

habits....The nutritionally poor

modern diet is a dim reflection of what

aboriginal and colonial Pima once ate.

colonial period, the Gileños acquired some horses and cattle,
as well as chickens. At this time, both horse and oxen seem
to have been used principally as transport and draft animals.

Grape vines and various fruit trees were introduced at
Pima missions to the south. Some of these new crops may
have found their way north at this time. Pomegranates and
figs may have come in early; they were preadapted to desert
oasis conditions. Most, however, seem to have been adopted
during the Anglo period. After all, the desert supplied an
abundant harvest of saguaro and wolfberry fruit, and these
did not have to be pampered and irrigated.

The Anglo Period (1849 to present). The most
pervasive contact with Europeans came when enormous
throngs of Anglo- Americans began passing through Pima
lands. Beaver trapping along the desert streams drew some
early. The goldfields drew others. The southern route to
California brought thousands. Over about two decades,
whites started putting down roots in the desert surrounding
Pima country. Florence (1868), Phoenix (1869), Maricopa
Station (1879), Tempe (1879), Casa Grande (1880), and
other communities sprang up. Soon the rivers began drying
up. The compound abuses of overgrazing, timber cutting in
the headwaters, and destruction of native beaver dealt mortal
wounds to the Gila, although it was to writhe in its death
throes for three -quarters of a century.

Between 1875 and World War II (1945), the Pima
way of life underwent many changes that affected the diet.
Use of the staples mesquite, screwbean, Indian -wheat (wooly
plantain), chia, wild mustard seed, saguaro, and agave
virtually disappeared. Many wild greens disappeared from
the diet, perhaps partly as a result of drying and abandoned
fields.

Steam flour mills at Sacaton and Casa Blanca ensured a
ready supply of wheat flour and abandonment of corn flour,
which was produced with difficult manual labor. Trading
posts appeared on the reservation and stores opened in the
new Anglo settlements. Sugar and lard became regular
commodities. Flour, sugar, and lard became the new trinity
in a diet increasingly impoverished, both varietally and
nutritionally.

The progressive drying of the Gila meant that the Pima
were less dependent on their own resources and more
dependent on government rations and a wage economy. By
the turn of the century, many Pima eked out a living by
cutting and selling mesquite wood, almost denuding the
reservation in the process. Water pumping far in excess of
recharge helped kill many of the surviving mesquite bosques.
Many of the wild food items from the floodplains became
rare or unavailable. Government farm advisors taught the
Indians, who had been farming the desert for centuries, the
"clean farming" models of modern agribusiness. There was
little, if any, appreciation among these advisors for the
ancient desert -adapted crop varieties. For instance, quick -
growing native maize varieties dropped from at least seven to
just one maintained by a few traditionalists.

The introduction of Eurasian herbivores meant a more
dependable source of animal protein for many Gileños. The

9
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Pima ate burros, mules, and horses as well as cows. But with
the good came the bad. Wild game is decidedly lean
throughout much of the year, but beef, especially, is high in
fat. Beef and pork lard became available from the Gileños'
own animals as well as from trading posts and Anglo towns.
And the Pima relished it. A new kind of cooking appeared:
grease -frying, which was unknown in aboriginal cuisine.
Deep -fried dough became the famous "Indian" fry bread.
Boiled desert greens were drained then fried in lard. Even
cholla buds were mashed and cooked in lard.

Abundant calories from the new simple carbohydrate
and fat diet soon changed the tall, lean Pima into an obese
people. The "thrifty gene" that helped an aboriginal people
living in a precarious and unpredictable environment to store
metabolically in seasons of plenty to see them through stress
times had not evolved a mechanism for shutting itself off.

The twentieth century has seen a continuing decline in
the use of native foods, a decline in both soluble and
insoluble fiber, and an increase in fat and simple carbohy-
drates in the Pima diet. Likewise, a physically active,
hardworking people have become a sedentary people, as
farming, gathering, and hunting have become activities of
the past. Wage -earning comes more often from an office job
now. The daily regimen includes many hours of television.
(All of these changes can be seen in the dominant American
culture as well.) A young Pima today is likely to be raised on
deep -fried chicken, hamburger, greasy popovers, white bread,
and canned sodas or syrupy punch. Few now know the wild
greens, cholla buds, roasted corn, whole -wheat dishes, fish, or
wild game. Even old people, for the most part, have forgot-
ten the mucilaginous seed drinks, the many mesquite dishes,
and caterpillar stew.

All this has exacted a toll from the Pima. Obesity has
been followed by epidemic adult -onset diabetes at a rate and
severity that continues to climb.
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Desert Legumes as a
Nutritional Intervention for
Diabetic Indigenous Dwellers
of Arid Lands

Gary Paul Nabhan

It is well known that a great variety of desert dwellers -
from Australian aborigines, to the Pima, Tohono
O'odham and Cocupa Indians of Mexico and the U.S.
Southwest, to Ethiopian Jews -suffer more from adult -

onset diabetes than do any other human populations in the
world today (Cowen, 1990; Kenen, 1987). As their diet
became westernized and dominated by highly processed, low -
fiber grains and fatty meats, non -insulin- dependent diabetes
mellitus (NIDDM) was triggered in ethnic populations that
had been genetically susceptible to it for centuries (Trowell,
1976; Nabhan, 1990). Curiously, the sand -rat (Psammomys
obesus), native to semiarid, saltbush- dominated vegetation
around the Dead Sea, also develops diabetes when taken off
its "desert diet" and fed standard laboratory rodent chow
(Densmore, 1989).

What protected

genetically susceptible individuals from

developing diabetes when they were on

their traditional desert diets?

The conventional explanation for the high incidence of
diabetes among desert dwellers is that their cultures evolved
under a feast - and -famine diet based on the unpredictable
productivity of arid zones, so that a "thrifty gene" was
selected to allow them to rapidly gain weight during brief
periods of food abundance (Neel, 1962). When develop-
ment projects or food aid programs offer desert dwellers a
regular supply of high- energy foods to ameliorate their
undernutrition, desert dwellers rapidly gain weight, lose
insulin sensitivity, and achieve the high blood sugar levels
and secondary complications characteristic of diabetes.

Instead of nutritional problems being eliminated, other
forms of malnutrition develop and these "diseases of Western
civilization" take their toll on genetically predisposed
populations (O'Dea, 1988). By the year 2000, the number of

American Indian and Mexican Indian diabetics in Arizona
alone will reach 250,000, requiring between US$320 million
and US$2 billion a year to treat the disease and its complica-
tions. Currently, Diabetes Australia calculates the diabetes
care costs for 30,000 to 45,000 Australian aboriginals at
about US$100 to US$150 million, and rising (Dr. J.C.
Brand, personal communication).

A costly effort by the National Institutes of Health has
been undertaken to identify the thrifty gene that confers
NIDDM on the Pima Indians and other indigenous peoples.
Unfortunately, it recently has been conceded that the
inheritance of NIDDM is polygenic, with environmental
effects and cultural heterogeneity not fully accommodated by
any current gene model, thrifty or otherwise (Rich, 1990).
Even when these multiple loci are mapped, there will remain
the critical task of helping genetically susceptible individuals
control the expression of NIDDM through a combination of
appropriate diet, medical monitoring, and exercise. One
pertinent question in developing appropriate interventions
is, "What protected these genetically susceptible individuals
from developing diabetes when they were on their traditional
desert diets ?" Answering such a question requires some
understanding of human evolution, nutrition, desert ecology,
and ethnobotany, as well as of genetics, endocrinology, and
pathology.

Native Seeds /SEARCH is a regional seed bank working
to preserve the crops of the southwestern United States and
northwest Mexico by offering seeds, plants, and technical
assistance to indigenous communities. Over the last few
years, Native Seeds /SEARCH staff has attempted to answer
this question in collaboration with Dr. Janette C. Brand,
Department of Biochemistry, University of Sydney; Mr.
Robert Becker, USDA Western Regional Research Center,
Albany, California; Dr. Michael Winkleman, Arizona State
University, Tempe; Dr. Charles Weber and Mr. Pete
Kohlhepp, Nutrition and Food Sciences, University of
Arizona, Tucson; and the Native American Research and
Training Center, University of Arizona, Tucson. We have
documented a great variety of desert plants with
hypoglycemic effects. That is to say, these plant foods slow
digestion and the release of glucose into the bloodstream so
that insulin metabolism can easily cope with it. These plant
foods typically are high in complex carbohydrates and soluble
fibers that lower blood glucose, insulin, and cholesterol
concentrations. Although these effects were at first attrib-
uted largely to slowed gastric motility (Tsai and Peng, 1981),
it now is clear that they are related to improved insulin
sensitivity of peripheral tissues in the body, and extend
beyond slowed glucose uptake in the gastrointestinal tract
(Fukagawa, et al., 1990). "Slow- release" foods with such
synergistic effects have been encountered within numerous
families well represented in arid zone floras -including
legumes, cacti, agaves, mints, mustards, psylliums, yams, and
oaks, all native to the deserts of Australia, India, the United
States, and Mexico.

Our working hypothesis is that these "slow- release"
foods, characteristically rich in soluble fibers that may be
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protective against diabetes, are derived from plants with
mechanisms to slow the loss of water from plant tissues
(Brand, et al., 1990; Nabhan, 1990.) Pectins, gums, and
extra- cellular mucilages are known to inhibit transpiration in
a variety of plants (see, for example, Morse, 1990, and
Robichaux and Morse, 1990). Many of the same polysaccha-
ride polymers are classified as soluble dietary fiber by nutri-
tional chemists, who promote them as means of increasing
insulin sensitivity, reducing blood glucose levels, and
lowering cholesterol (Anderson, 1990). We remain unsure
of particular ecological explanations for why pods or seeds of
legumes contain as much or more soluble fiber than the 2.3
percent in highly touted commercial breakfast cereals of oat
flakes. Mesquite pods from Prosopis species contain from 7 to
10 percent soluble fiber (Becker, unpublished data; Weber
and Kohlhepp, unpublished data), while domesticated,
desert- adapted landraces of cowpeas (Vigna), peas (Pisum),
and tepary beans (Phaseolus) range from .2 to 1.7 percent
soluble fiber (Weber, Kohlhepp, and Nabhan, unpublished
data). The insoluble fiber of these same legumes ranges from
12.8 to 41.7 percent, and includes anti -nutritional factors
that may affect cultural acceptance of these foods. Neverthe-
less, we look forward to feeding trials, as well as to ecological
and nutritional studies by interdisciplinary teams of scien-
tists, which may elucidate such patterns.

In any case, we are struck by the effectiveness of desert
legumes in controlling blood sugar levels of diabetics. Desert
dwellers such as the River Pima and Tohono O'odham once

were among the "bean -eatingest" people in the world,
consuming 300 to 500 grams of cooked legumes daily
(Nabhan, Weber, and Berry, 1979). Because their predilec-
tion for legumes is strong in contrast to other ethnic groups
with diabetes (Leeds, 1981), the use of beans in controlling
their diabetes is particularly promising.

Once avoided or discouraged in dietary prescriptions for
diabetics, high - legume diets now are promoted as one of the
most effective nutritional interventions for this disease
(Leeds, 1981; Mann, 1984). Today, a number of dietary
supplements for diabetic control are being developed from
desert legumes such as guar and locust bean, or carob
(Vaaler, et al., 1986; Tsai and Peng, 1981). Many seeds of
desert legume trees contain galactomannin gums. Mesquite,
wattle, and carob are among the better -known examples
(Becker and Grosjean, 1980; Meyer, 1981; Thorburn, et al.,
1987). Galactomannin gums slow the rate of digestion and
gastric emptying, and flatten blood glucose curves (Tsai and
Peng, 1981). Tree legume pod flour, as well as the seeds of
annual legumes such as tepary beans, lima beans, and
cowpeas, may have other mechanisms for controlling blood
glucose levels and for increasing insulin sensitivity. Never-
theless, most legumes tested to date have demonstrated
extremely favorable ratings on the glycemic index (Brand, et
al., 1990; Jenkins, Wolever, and Jenkins, 1983).

In conclusion, we hypothesize a strong relationship
between the length of time a desert culture has depended
upon arid land floras for its staple foodstuffs and their need

Pima (O'dham) woman grinding mesquite pods.



for diets rich in soluble fibers and complex carbohydrates to
control their genetic predisposition to diabetes. We wel-
come further exchange with scientists interested in the
potential uses of desert legumes in treating diabetes, and
hope that this research will benefit the indigenous peoples
who have taught us so much about desert ethnobotany.

fi
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Telephone: 602-327-9123

Gary Paul Nabhan is research director of Native Seeds /SEARCH,
Tucson, Arizona, and an associate research scientist at the Office of Arid
Lands Studies.
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Native Baja California Plants:
Potential Treatment for Diabetes

Michael Winkelman

Studies of traditional cultural use of medicinal plants
provide information about a vital resource for
humanity. Medicinal plants are important resources
for the future of both the industrialized nations,

where biomedicine is a fact of life, and of those nations that
rely upon traditional plant medicines. Medicinal plants have
made central contributions in the history of Western
biomedicine and are an essential element of the World
Health Organization's program of "Health for All by the Year
2000." Medicinal plants, in short, constitute the primary
medical resources for most of the world's populations.

A case in point is the gathering of cross -cultural
ethnobotanical data from Yuman -speaking groups in Baja
California (the Kamiai, Pa Ipai, Tipai, and Cochimi). These
data may hold keys to the treatment of diabetes, a disease
affecting the health of millions. When entered into search-
able databases, these data are readily accessible for the study
of traditional plant uses as potential remedies for this disease.

The compilation and medicinal assessment of
ethnomedicinal data on Yuman -speaking groups of Baja
California has several important implications. These are
desert peoples, and diabetes has been shown to afflict desert
populations when they undergo dietary changes associated
with modernization; their traditional foods and plant
medicines apparently provided a metabolic balance that
prevented diabetes. Because both the populations of these
Yuman groups and acquisition of medical traditions among
their young people are on the decline, compilation of
traditional lore is vital. Further, to meet the health care
needs of diverse populations, it is necessary to compile
remaining sources of information on medicinal plants, to
assess the effectiveness of these remedies, and to disseminate
this information to target groups.

The Computer -Based
Ethnobotany Program
The data referred to in this article, along with data from
other projects, currently are being compiled with the aid of
the Ethnobotany Program (Brandt, et al., 1990), which
incorporates two Apple HyperCard® programs designed for
input, compilation, search, analysis, and text output of
information on traditional plant uses and their biochemical,

Medicinal plants are

important resources for the future both

of the industrialized nations,

where biomedicine is a fact of life, and

of those nations that rely upon

traditional plant medicines,

owing at least in part to biomedicine's

prohibitive cost.



pharmacological, and clinical properties. These programs
offer a number of advantages in programmatically addressing
ethnomedical issues in public health, clinical practice,
international medicine, chemotaxonomy, and pharmacotax-
onomy.

The Ethnobotany Program is specialized for data on
traditional plant use (Figure 1) and on biochemical and
pharmacological properties of plants (Figure 2). The
program has specific predetermined fields (the information
input is text) and is "user- friendly," with interactive visual
prompts for categories of information. HyperCard® is a
hypertext program with database capabilities that allow the
combination of text, graphics, digitized sound, and the ability
to make multiple links throughout the data set. Searches
and output can be generated on any aspect of the data (e.g.,
common or botanical plant names, ecological zone, plant
use, pharmacological properties, biochemical constituents,
etc.). Information in this format is particularly useful when
addressing both research issues and applied issues in tradi-
tional medicine, biomedical research, and clinical practice.
These issues include: 1) data compilation and analysis for
scientifically assessing and establishing the use of plant
medicines; 2) recovering, compiling, organizing, and diffus-
ing knowledge of effective ethnomedical remedies to groups
that could benefit from knowledge of efficacious local
ethnobotanical medical resources; 3) discovering new
pharmacological agents and disease treatment procedures for
medical science; and 4) determining chemotaxonomy and
pharmacotaxonomy.

One general application of such computer- accessible
data banks on medicinal plants and their properties is to
meet the health care needs of the vast majority of the world,
which does not have access to Western biomedicine,
primarily because of its prohibitive cost. Meeting these
health needs requires assessment and integration of
ethnomedical and biomedical knowledge; that is: 1) studies
on ethnomedical practices; and 2) biochemical and pharma-
cological and clinical studies on the plants utilized. The
combination of this ethnomedical data with biochemical and
pharmacological data on the properties of the plants permits
us to develop a scientific basis for traditional medicine and
serves as a guide to those areas of plant biochemistry and
pharmacology in which crucial research either is lacking or
can directly contribute to critical health care needs.

Medicinal plant use and pharmacology have implica-
tions for clinical practice. Direct implications derive from
the syncretic and simultaneous use of biomedical and
traditional methods by many U.S. ethnic groups. This
compounds physicians' assessments and treatments in ways
that may be accommodated by easy access to knowledge of
medicinal plant properties and uses. Clinical practice and
biomedical research can acquire important information
about treatment and guidance for research from traditional
medicine. Examination of cross- cultural patterns in the
treatment of specific diseases also provides sources of data on
new, potentially effective remedies. These databases have
important medical applications for both international/Third
World medicine and for Western biomedical physicians,

Plant Name: Card Number: Plant ID:

Prunus ilicifolia, (Nutt.) Walp. Rosaceae (CR) 76 out of 97

Bio- chemical Information: Pharmacological Information:

Genus contains caproic acid, citral, coumarin, decyl
alcohol, eugenol, gallic acid, geraniol, hydrocyanic
acid,

Q Çoumarin: antitumor, antiinflamitory, hypoglycemic (6).1
Eugenol: analgesic, antiseptic, anesthetic,

4

Source (text or persons): Uses:

(6)

(10)

Û Colds, headaches, eyes f?

0 0

Comments:

Prunus persica - Peach (7) contains cyanide in all parts but rich in the kernels. Phloretin an antibiotic active against
Gram positive and negative bacteria. Volatile oil may serve as a carminative (7).

7 t

0

Search
Lszsa..1

New Card& List

Figure 1. Pharmacology Database.
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Ethnomedical data can suggest new

pharmacological agents or sources and

completely new avenues of treatment.

since they both offer identification of medicinal plants with
potential biomedical effectiveness and contribute important
information about new sources of biochemical procedures for
the treatment of disease.

Ethnomedical data on plant medicines identify poten-
tially effective treatments, reflecting the fact that empirical
experiences lead to institutionalized knowledge about
effective plant remedies. Ethnomedical data can suggest new
pharmacological agents or sources and completely new
avenues of treatment. For example, ethnobotanical remedies
for the treatment of diabetes in Baja California, Mexico,
suggest a systemic approach to the treatment of diabetes that
differs from contemporary biomedical approaches. In
contrast to the insulin maintenance practiced in Western
medicine, Mexican herbalists' treatments typically involve a
combination of plants that affect hypoglycemia, diuresis and

renal functioning, hepatic and choleretic functioning,
digestion, and other bodily processes.

The computer -based nature of the Ethnobotany Pro-
gram and its search procedures provides a first step in the
compilation and analysis of data relevant to chemotaxonomy
and pharmacotaxonomy. Computer -based data facilitate
secondary data collection and analysis for chemotaxonomy
and pharmacotaxonomy, permitting determination of genus
and taxonomical distribution of these properties. This
information then can feed back into international and Third
World health concerns, or it can provide new treatment
directions for biomedicine.

Listed in the database "Baja California Medicinal
Plants" (Winkelman and David, 1990) are medicinal plants
identified for the Kamiai, Pa Ipai, Tipai, and Cochimi
(Rodriguez and Alicia, 1988; Hinton, 1975; Owen, 1963).
These sources identify 97 plants with medicinal applications.
(This article deals with plants useful in treating diabetes, but
the database itself includes plants useful in treating various
other diseases as well.) For each plant we report the follow-
ing: genus, species, author, and family; indigenous use;
Yuman /Spanish name (where available) and English name
or related North American species name; and biomedical
assessment of effectiveness based on available biochemical,
pharmacological, and clinical data.

In assessing the potential usefulness of plants for
treatment of diabetes, we employ the following criteria: (1)
Was species used by groups for treatment of diabetes or
related conditions? Only two plants (Marrubium and
Viguieria) are reported to be used by these groups for diabete
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control, which reflects the relative newness of this disease
among these groups. (2) Was the species found to have
antidiabetic or hypoglycemic effects, or to have favorable
effects upon digestion, kidneys, liver, gall or diuresis, or to
have biochemicals frequently identified as antidiabetic? (3)
Are there other species of the same genus that were found to
have antidiabetic effects or to favorably affect related organs?

Effectiveness is assessed in terms of these descending
levels of criteria:
Al Was a given species found to possess hypoglycemic

biochemicals, pharmacological actions, or clinical
effects?

A2 Was a given species found to affect organ systems
relevant to systemic effects of diabetes, or secondary
symptoms, or conditions caused by diabetes?

B Were other species of genus found to possess
antidiabetic biochemicals, pharmacological actions, or
clinical effects?

C Was a given species found to possess substances
frequently identified as having hypoglycemic or
antidiabetic properties?

D Is a given species' genus used in other parts of the
world in treatment of diabetes or related conditions?

A sample plant record follows: Opuntia parryi, Engelm.
Cactaceae (cholla) [valley cholla] and other Opuntia species
(nopal) [prickly pear] are used as a purgative and in the
treatment of diarrhea. Baja California herbalists use it for the
treatment of diabetes. The genus contains pectin, which is
antitussive and antihypercholesterolemic (12). Clinical
studies have shown that the Opuntia species affect glycemia,
glucose, insulin, serum lipids, beta cholesterol, and glucose
tolerance (Frati- Munari et al., 1983; 1988), and have
hypoglycemic action (Ibañez -Camacho and Meckes -Lozoya,
1983). Evaluation: Al Hypoglycemic.

Conclusion

Many Yuman plants appear to be effective remedies for the
treatment of diabetes or secondary symptoms, although the
safety of some plants needs to be carefully evaluated. The
final determination of effectiveness of any plant or combina-
tion of plants in the treatment of diabetes must come as a
result of clinical trials. The lessons from many medicinal
traditions suggest the need for a systemic approach to the
treatment of diabetes, one that addresses many of the systems
involved in the metabolic disorder rather than the substitu-
tion of insulin alone. Effective plant combinations for the
treatment of diabetes may be derived from study of the plant
traditions of diverse cultural groups. The author invites
information on this topic, as well as information on
antidiabetic biochemicals.
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Wild Plant Management:
Cross -Cultural Examples of the Small Farmers of Jaumave,
Mexico, and the Southern Miwok of the Yosemite Region

Kat Anderson

hough ethnic groups all over the world havelt e

coevolved with different ecosystems and have
developed specific adaptations to their local
environments, we can in similarities in the way

they perceive and manage wild vegetation for subsistence
purposes or other sociocultural reasons. Take, for example,
the Southern Sierra Miwok Indians of the Sierra Nevada in
California and the campesinos of Jaumave in the Sierra
Madre Oriental of Mexico. These groups interact with
dissimilar plant communities, practice different cultural
traditions, and speak unlike languages, yet they share similar
wild plant gathering strategies and horticultural practices.

The "wild" plants chosen by the Miwok and the
Mexican campesinos for multiple uses, though of different
genera, are selected partially because of their reproductive
modes. Plants that reproduce by both seed and vegetative
means are favored by most households that gather in both
locations. A key reason is that these plants can withstand a
repeated harvesting regime, and, in fact, may demonstrate
beneficial responses to repeated human disturbance.

Select plant populations are managed by Mexican and
Miwok families mainly through four horticultural techniques:
tillage, coppicing, pruning, or burning. These techniques
enhance growth and reduce competition but do not necessar-
ily result in genetic changes or dependence on humans (Ford,
1978). For example, according to the gatherers, the practice
of uprooting and cutting rhizomes of sangre de grado
(Jatropha diotica) in the Jaumave region or the rhizomes of
bracken fern (Pteridium aquilinum var. pubescens) in the
Yosemite region has a restoring effect on the individual
plants and thus is stimulating the regrowth of spared plant
parts that are left to regenerate. Species such as carrizo,
Arundo donax and Phragmites australis, are intentionally
burned by Mexican campesinos to recycle plant nutrients,
activate rhizomes, and decrease insect pests, while the new
tillers provide roofing and construction material. Similiar
regeneration patterns can be observed along streams where
willow (Salix spp.) and sedge (Carex spp.) patches are under
low -intensity management for basketry material by Miwok
Indians.

The wildlands surrounding the households in both areas
contribute valuable food supplements, construction materi-
als, medicines, fuels, religious items, basketry materials, and
other items. The total list of plants gathered by both ethnic
groups is impressive: 55 kinds of plants for foods, 53 for
medicines, 22 different species for construction, 14 fuelwood

A Miwok Indian using deergrass flower stalks in the
foundation of a coiled basket.



Table 1. Useful Plants of Jaumave and the Yosemite Region.

Use

No. of Species

Yosemite Jaumave

Basketry

Construction

Firewood

Foods

Household Items

Medicines

Musical Instruments

11

5

o

30

3

5

3

2

17

14

25

9

49

o

species, 12 types for household items, and 3 species for
musical instruments (Table 1). The fact that the Mexican
farmers use many more plant species for construction,
medicines, and firewood reflects not only their cultural
preferences, but also their strategy for subsistence under
conditions of extreme economic impoverishment.

Residents of Jaumave live in one of the most arid parts
of the state of Tamaulipas, with a mean annual rainfall of
500 mm. At an elevation of 735 m (Centro Estatal de
Estudios Municipales, 1988), the town lies in high chaparral -
desert, and major plant species include: Helietta parvifolia,
Acacia farnesiana, and Pichecellobium pallens (Hernandez,
Romo, and Gonzalez, 1984).

The original Southern Sierra Miwok tribal territory is
estimated at 1900 sq mi, encompassing seven plant commu-
nity types, extending today through parts of Mariposa,
Madera, and Tuolumne counties of California. At least 85
percent of the Miwok have chosen to remain in the vicinity
of their ancestors, yet what was once Miwok traditional
harvesting grounds is now largely publicly owned land (Sierra
National Forest, Bureau of Land Management lands, and
Yosemite National Park). Precipitation averages 36 in.
annually in the general region (National Park Service,
1980), and major plant species still gathered in the territory
include black oak (Quercus kelloggi), mugwort (Artemisia
douglasiana), and sourberry (Rhus trilobata).

Harvesting and Horticulture and
their Potential Effects on Culturally
Important Wild Plants

Jaumave and the Yosemite region have dissimilar vegetation
types, yet many of the most important plants used in home
economies of both locations are ubiquitous and are easily
obtainable from undesignated lands. Some of the plants used
by the Miwok were much more abundant in former times,
but have declined in numbers due to modern Anglo land

practices such as cattle grazing and logging. The habitats
where these plants grow include roadsides, draws, meadows,
stream banks, wind barrier strips, etc., which are often the
"margins" of extensive human activities. These margins are
highly specialized habitats for plant establishment (Frenkel,
1970) and are extremely rich in useful plant resources.

Favored plant species have been gathered for decades by
the campesinos, and, in the case of the Miwok, for centu-
ries- without depleting them. This is due both to human
gathering strategies and the biological characteristics of the
plants chosen. There is no intentional substitution of
vegetation when harvesting and manipulating ruderal
vegetation, as is the case with agriculture. Plants are har-
vested both by Mexican small farmers and Southern Sierra
Miwok Indians in a way where a portion of the plant is left
for reproduction. Often it is the plant part that is taken to be
used that grows back (i.e., branches that are taken grow back
again as sprouts; selective harvesting of large bulbs or corms
severs young bulblets and cormlets to grow and renew the
population). The Spanish phrase used to describe this
phenomenon is "vuelve a retonar" which means "to resprout
again."

The perennial ruderal species most widely used by
families have excellent vegetative reproduction by sprouts,
corms, bulbs, stolons, tubers, rhizomes, or regeneration from
rootstock fragments that have separated from the parent.
Advantage is gained by a dual reproductive system consoli-
dating the local population and at the same time extending
the range (Frenkel, 1970). Vegetative reproduction enables
the plant to survive and reestablish itself in place after
human disturbance and often expands the portion of the site
it occupies (Spurr and Barnes, 1980).

Young woody shoots selected for by Indians are often
called "withes," or "young shoots," in the ethnohistoric
literature and today are referred to as "sprouts." Trees,
shrubs, or grasses that sprout after harvesting are called
retoños by Mexican small farmers. Underground swollen
vegetative stems such as corms, bulbs, or tubers are given the
generic term camote in Spanish, which means bulb or potato;
the Southern Miwok use the generic term "Indian potato."

The biological characteristics of selected perennial
plants preferred by Mexican and Miwok families include the
following:

1) After cutting or burning the plant, new sprouts,
buds, and other plant parts complete their growth rapidly
(within a few months to one - and -a -half years).

2) The growth is substantial (in size, numbers of
plant part, and /or height), equaling or topping the previous
year's growth.

3) Numbers of the plant part of interest (stems,
leaves, branches) per plant are increased or maintained each
year through asexual reproduction without the labor -
intensive necessity of replanting after the plant is cut.
4) The size of the tract (numbers of individual plants) is
extended each year as the rhizomes, bulbs, corms, or other
vegetative part increase in density to form new "spurs" or
plants.
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Small farmer and Indian families know that certain
management practices, timing of harvest, and levels of
intensity increase the productivity of certain "wild" plant
species and communities, yet the plants are not solely
dependent on human care, as is the case with agriculture.

Comparative Use and Management of
Two Native Perennial Bunchgrasses

Zacaton (Sporobolus gigantea), a big perennial bunchgrass
native to the Jaumave region, is a plant species coppiced for
roofing material by small farmers. Roofs made with this grass
are reputed to last up to thirty years. Farmers often com-
mented that houses constructed with this grass also had the
added advantage over metal roofs of a "freshness" due to the
fragrant odor of the dry grass. Zacaton grows wild and is cut
near agricultural fields and along rivers and creeks with a
machete or gancho. January and February are the optimal
times to harvest it, because the leaves are dry. Farmers often
stressed the importance of cutting zacaton during la luna llena
(the full moon), apparently a time when insect pest popula-
tions are lowest. Campesinos observe that the grass grows
back thicker when cut.

Flat areas of zacaton are fired by the campesinos in the
wintertime when the leaves and stems are dry to destroy
insect pests, eliminate competitive grasses and shrubs, and
burn the accumulated dead material in and around the tract,
increasing access to plant species of interest. Another major
purpose for the setting of fires is to modify the morphological
growth of these plant resources. Fires are set to increase the
thickness and height of zacaton stems, as well as to activate
the camotes (rhizomes) to increase the size of the tract.

Deergrass (Muhlenbergia rigens) is a perennial bunchgrass
found in scattered colonies in dry or damp places below
7,000 -ft elevation from Shasta County south to San Diego
County in California. The major plant communities it
inhabits include valley grassland, chaparral, and the yellow
pine forest (Munz and Keck, 1968). Deergrass was the major
foundation material used in the coiled baskets of the Sierra
Miwok and at least 19 other tribes in California. The flower
stalks were gathered in the late spring or summer (Rancho
Santa Ana Botanic Garden, 1988). Today contemporary
Miwok weavers still gather deergrass culms for basketry
material.

Like the campesinos, Indians historically burned
deergrass in the fall to maintain and enhance deergrass
colonies and to increase the quality and quantity of flower
stalks (Anderson, 1988). In more recent times, deergrass
was preferentially harvested on sites burned by ranch or farm
owners, rather then burned by the Indians themselves
(Anderson, 1990).

Fire exclusion policies of the U.S. Forest Service, the
Bureau of Land Management, and other government
agencies have limited the ability of Indians to burn vegeta-

The Southern Miwok Indians of the

Sierra Nevada in California and the

campesinos of Jaumave in the Sierra

Madre Oriental of Mexico interact

with different plant communities,

practice different cultural traditions,

and speak unlike languages , but they

share similar wild plant gathering

strategies and horticultural practices.

Plants that reproduce by both seed and

vegetative means are favored by most

households in both locations.



House in theJaumave region with a roof of zacaton.

Mexican cá tpesinos with bundles of zacaton tillers
harvested from nearby riparian areas.

tion in conjunction with gathering. As a result, deergrass
populations are dwindling in areas that once were excellent
traditional gathering sites. Where deergrass colonies are
found, the numbers of flower stalks put out per plant is often
scanty (Anderson, 1990). In most areas a greater abundance
of this species would be desirable to better meet Indian
cultural needs.

I have noticed that the centers of the larger deergrass
tufts usually die out, leaving outside rings of green and active
growth; in some cases, the tuft dies out completely. The slow
accumulation of litter causes deterioration of the vigor and
vitality of grasses. Experiments conducted in Yosemite
National Park mimicked Indian burning practices; the
experiments indicated that this practice is beneficial to
deergrass. In fact, many of the deergrass plants that had
hollow centers (because of accumulated dead material) after
the bum produced many new tillers and flower stalks filling
in their interiors (Anderson, 1988).

Plants with Straight- growing Shoots: A
Growth Form Valued Cross- culturally

Interviews with families in the Yosemite region and Jaumave
reveal that the pruning and coppicing of plants for construc-
tion material is a common phenomenon and is conducted
with an ax, pruning shears, gancho, or machete. Coppicing is
defined as cutting the plant at its base. The technique is
mainly applied to grasses, shrubs, and trees for the collection
of tillers, branches, and trunks. According to the gatherers,
pruning and coppicing stimulate new growth in the plant in
the form of vigorously sprouting shoots which are from
dormant or adventitious buds. The result is increased
numbers of long, straight, new sprouts which will become the
useful plant material for next year's harvest.

A straight -stemmed plant demonstrates a type of plant
architecture that has been valued by peoples for centuries.
The value of straight -stemmed plants used for construction is
obvious. Plants such as baretta (Helietta parvifolia) are
selectively harvested for their straight stems, which are used
by households in Jaumave for fencing, walls, and roofs of
houses. Carrizo (Arundo donax), a grass of the warm regions
of the Old World, has been introduced into America. It
occurs along rivers, irrigation ditches, streams (Cook, et al.,
1974) in Jaumave and forms the most important construction
material in the region. Its native counterpart, Phragmites
australis, has a similar appearance and is also used for con-
struction purposes. The stems of both species are used in
fences, roofs, walls, and ramadas by 89 percent of the families
interviewed in Jaumave. This perennial plant has a thick,
creeping, knotty rhizome (Beetle, 1983) which sends up new
tillers when the plant is coppiced. The plant will put on up
to 600 cm of new growth each year according to informant
sources, and will be of optimal size and height for construc-
tion in the fall.
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Straightness is a characteristic equally valued by the
Miwok. Historically and prehistorically, branches of shrubs
(i.e., mock orange Philadelphus lewisii ssp. californicus and wild
rose Rosa californica) were harvested for the manufacture of
arrows. Straight branches were selected for, and if they
displayed ever so slight a bend, an arrow straightener and fire
were used to correct the lean. A straight arrow shaft will
make an arrow more aerodynamic, affecting the accuracy of
hitting wild game in the hunt. Branches of elderberry
(Sambucus caerulea), suitable for the making of musical
instruments such as flutes and clapper sticks, were straight in
order to achieve the proper tones and sounds. The Miwok
also used only straight shoots of various plant species for
basketry material. These plant species included: redbud,
willow, dogwood (Cornus spp.), maple (Acer macrophyllum),
deerbrush (Ceanothus integerrimus), and buckbrush
(Ceanothus cuneatus). Straight branches will split more easily
and evenly, will create longer sewing strands when split, and
will make stronger, more uniform baskets.

The characteristic of straightness is enhanced by both
the Miwok and the Mexican small farmers by manipulating
the architecture of various plants through pruning, burning,
or coppicing. Young growth after a burn or cut is the result
of rapid elongation from suppressed buds; it is more flexible
than old stems or branches and free of insect or disease
incidence. Old branches, on the other hand, are often
knarly, crooked with mottled and cracked bark, and exhibit

many lateral branches. Old growth is often susceptible to
insect or disease damage and has lost flexibility and will
easily snap when bent.

Rethinking the Concept of "Wild"

Many natural ecosystems (i.e., forests, stream sides, marshes,
grasslands, etc.) have been selectively harvested and man-
aged on a small scale for generations by small farmers and
indigenous groups for such products as medicines, foods,
fuelwood, and construction material. The examples of the
Miwok and Mexican campesinos mentioned herein demon-
strate that certain plant species regenerate readily after being
subjected to low- intensity management and harvesting
(Richardson, 1977).

In studying non -Western cultures it is not always
possible to distinguish between wild and cultivated plants, as
often plants occur in a state of semicultivation (Alcorn,
1984). Their growth and maintenance is encouraged in
various ways, but they are not completely dependent on
human intervention (Steiner, 1894) and therefore are not
"domesticated" as are traditional crops. Nevertheless the
long -term effects of semicultivation on the vegetation may
be pronounced.

4
ct
ct

w
Vv
5
0
4-

s.
a)

cts

t'
czi

a

Wilderness Anthropogenic Plant Communities Modern Agrosystems

Hunter -Gatherers Manipulators of Wild Plants in Place

Horticulturists

Level of Human Disturbance

Modern Agriculturalists

Figure 1. The relationship between intensity of vegetation management and quantity and diversity
of useful plants to human groups that gather.



Historians, ethnobotanists, and anthropologists have
tended to view indigenous and small farmer wild plant
gathering and agriculture as two opposite poles of human
intervention systems, without looking at them as part of a
continuum of cultivation systems, involving differences in
scale of operation, plant diversity, management techniques,
human impacts, and other factors (Farrington and Urry,
1985). While tree plantations, agricultural systems, and
green lawns (which all require significant alterations of the
natural environment) fall at one end of the spectrum, and
wild plant gathering or wilderness falls at the other end, it is
the middle of the continuum that, constitutes a complex and
sophisticated set of plant -human interactions practiced by
small farmers and indigenous groups. This has been neglected
as a topic of research by scientists and rural developers
(Figure 1). These types of interactions are less severe forms of
human disturbance which do not significantly alter the
habitat to the point beyond the biological capacity of species
for natural regeneration (Richardson, 1977). In fact, these
types of interactions increase the diversity and quantity of
plant species useful to human groups.

Ethnobotanists have begun to question whether
"pristine" natural environments in the world really exist, as
humans have been intervening natural processes for millenia
and they have left their indelible imprint on ecological
systems around the world. The difference is that indigenous
management systems were based on a profound knowledge
and respect for the environment. Such a traditional knowl-
edge is only now being recognized as a key source of informa-
tion to guide our modern vegetation management systems,
which have often caused undesirable environmental degrada-
tion.

This knowledge can offer resource managers alternative
management schemes based upon varying scales, patterns,
tools, seasons, and techniques of interaction tailored to the
biological and ecological requirements of particular plant
species. These schemes ensure the future productivity of
populations of these species in the wilds to meet cultural
needs without compromising broader conservation goals.
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Yucca baccata:
From the Beginning

Gayle Potter -Basso

The Apache peoples of Arizona commonly have
been portrayed in film and fiction as pillagers who
roamed the Southwest for centuries, raiding and

killing indiscriminately. An equally erroneous stereotype has
modern Apaches (and other Native American groups) fully
sharing the culture of the dominant non -Indian society,
retaining only a few "native traits" from their indigenous
social worlds. As a result of these facile -but wholly false -
assumptions, various aspects of Apachean thought and
conduct have been unknown or dismissed by the non -
Apache public. In fact, Apache people have been concerned
with hunting and horticulture for centuries, and many
individuals continue these pursuits today. More specifically,
modern Apaches rely on wild and domesticated plants for a
multitude of purposes. Yucca baccata, the subject of this
article, is an excellent case in point'.

Apaches are not, actually, a single "people," but rather a
number of clearly distinct societies that share certain cultural
and linguistic attributes. The classification "Western
Apache" generally is understood to include five groups, two
of which (the Cibecue and White Mountain) reside on the
Fort Apache Reservation in east - central Arizona (for a full
discussion of this topic, see Basso 1983)2. Even within this
single reservation, there are marked regional variations in
language and thought3.

The core of this article consists of statements made by
two residents of Cibecue, a village of approximately 1,100
individuals. The late Mr. Robert Machuse and his wife, Lola
Murphy Machuse, have been widely acknowledged in their
own and other Western Apache communities for their
considerable botanical expertise. Mr. Machuse was virtually
monolingual in Western Apache, while I, unfortunately, am
totally monolingual in English. Mrs. Machuse, who is
bilingual, therefore has filled the demanding double role of
translator and instructor.

Modest and unspectacular in appearance, Yucca baccata,
'igaiyé, may be the most indispensable wild plant in the
Western Apache horticultural world. As needed, Y. baccata
can be used in a host of ways, from a form of dental floss to
an active agent in returning eclipsing celestial bodies to their
correct positions. It also can be employed as food, soap,
paint, and rope. It holds homes together and protects people
from sickness and misfortune. 'Igaiyé is always "there" for
knowledgeable Apaches, available and dependable, whatever
the circumstances that may warrant its use'. Mrs. Machuse:

Plant Folklore of the
Desert Southwest

Gayle Potter -Basso's article and the cover
illustration of this issue of the Arid Lands Newslet-
ter are from a poster series and traveling exhibit
entitled Singing Down Roots: Plant Folklore of the
Desert Southwest.

Funded in part by the Arizona Humanities
Council and the Office of Arid Lands Studies, the
poster series presents plants of the arid Southwest
as characters and symbols in the stories and oral
traditions of selected cultures of the greater
Southwest. The posters feature bilingual presenta-
tions of a Native American story, poem, or song,
along with interpretive text.

Six posters will represent the following plants
and tribes: Agave and Yaqui; Yucca and Western
Apache; Corn and Hopi; Ocotillo and Tohono
O'odham; Prickly Pear /Cholla and Cocopa;
Tobacco and Hualapai.

The posters will be for sale after November 1,
1991. For more information, write:

Singing Down Roots Posters
Office of Arid Lands Studies
The University of Arizona
845 North Park Avenue
Tucson, Arizona 85719 USA



I think 'igaiyé is in the beginning (of the world).
They used to pray with it. And if they didn't
have any rope, they made a rope. Or to carry
wood on their back with 'igaiyé, (just) tie it up.
They used to do that, a long time ago.

In traditional Western Apache thought, there is a group
of powerful nonhuman beings -known as Gaan -who
maintain a close relationship with the Sun, a figure of
pervasive religious significance. Although the Gaan may
become dangerous if improperly represented, they can be
extremely helpful when obeyed and treated with respect.
'Igaiyé, Y. baccata, belongs to the Gaan, and it is from them
that Apaches originally gained the knowledge to use this
plant properly. In certain rituals, sets of men (commonly
referred to as "Crown Dancers ") impersonate the Gaan,
demonstrating for all to see that these beings and the powers
they control are fully active in the world today. Says Mrs.
Machuse:

That 'igaiyé is the Gaan's rope. They can carry
everything with it because they are really related
to it.

Although the Gaan are supernatural beings, Apache
people do not regard them as "deities." Analogously, Y.
baccata, lacking power inherently but able to propel it
forward, is not considered a "holy" plant. Consequently,
there is no contradiction or irreverence involved in both
praying with the plant and making rope from it. Indeed, the
opposite is true: it is considered good, appropriate, and fitting
for Apaches to make use of Y. baccata in all of its various
capacities.

If Y. baccata is unavailable, some of its roles can be
played by another plant. In the Western Apache botanical
ordering system, Y. baccata is related to three other food -
producing plants (nest'árí), with its closest relative being
Yucca angustissima, the narrow- leaved yucca (' igaiyé ts'osé, in
Western Apache). Mrs. Machuse translates:

If you want to do something and you don't have
any 'igaiyé, you can use 'igaiyé ts'osé. That's how
it is related. They (both) have a point in them.
It's really sharp. It hurts if it gets in your
hand....'igaiyé and 'igaiyé ts'osé look like they
are related to each other from their roots, but we
don't wash our hair with 'igaiyé ts'osé, (only)
with 'igaiyé. And that's how the medicine man
should say it. If there's no 'igaiyé, they can use
'igaiyé ts'osé to tie somebody (who) is sick.
(And) if you want to do something, like we did
(at the corn field), there was 'igaiyé ts'osé and
my daughter got it and she sewed a gunny sack.
They used to do it that way.

Although the narrow- leaved yucca is more abundant, Y.
baccata generally is preferred for its durability and versatility.
Despite its ability to grow in rocky or sandy soils, Y. baccata
flourishes only under specific combinations of altitude and
moisture. These yuccas frequently are found in large "colo-
nies," which often are described by Apaches as looking as if
someone had planted them (but stating emphatically that
such is not the case). Some of these thick stands of yucca are
prominent enough to form the basis for ancient Apache
place names (Basso, n.d.).

This recently made old -style Western Apache torch consists of a core of cedar bark and beargrass tightly wrapped
with strips of Yucca baccata.
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Yucca baccata leaves before being ripped into usable strips.

In the Western Apache understanding of Y. baccata, the
plant reaches maturity in two to three years, with the female
producing fruit every other year if sufficient moisture is
present. White blossoms appear in April and become fruits
by August. If picked at the appropriate time, these "pears" or
"bananas" (goshk'an) can be roasted and eaten fresh or dried
and stored. In the past, 'igaiyé fruits were an important
regular food among Apaches; today they are considered a
specialty.

Yucca baccata also serves Apaches as a mordant (an
additive that permanently "fixes" a color). A paint is made
by heating the leaf, squeezing the juice from it, and then
mixing the resulting liquid either with pulverized charcoal
(producing black) or with red ochre (producing green). One
use of these waterproof pigments is as the paint with which
women create designs on water jugs (tuus).

When heavily pounded, Y. baccata's roots produce an
excellent soap. As a shampoo, this substance is valued for
leaving one's hair extremely soft. The root itself can serve as
a multipurpose soapy scrub brush, and can be used to clean
everything from dirty dishes to a man's hat. (The root
contains a starch that permits the hat brim to be reshaped
easily after washing.)

Yucca rope and string are made from the plant's broad,
pointed leaves. Apaches cut the plant in the warm months,
as they have noticed that freezing weakens the fibers and
causes them to break easily. Mrs. Machuse:

We just chop it off with the axe, the whole
(plant)....We pound it to make it soft and split it
in three, (and then) we have to tie two or three
together....But if you cut it and use it, it can
break (easily).

Although rarely made today, the strongest Apache ropes
are those produced from braided strips of cow or deer hide.
After procuring a hide, it may take several men as long as
four days to complete a single rope. Ropes fashioned from Y.
baccata are known to be weaker, but they are appreciated for
other qualities: they can be made by one person (male or
female), they can be produced quickly, and the raw material
can be obtained easily.

Prior to establishment of the Fort Apache Reservation
in 1872 and the ensuing restrictions on travel by Apaches,
able -bodied Western Apaches went on extended expeditions
that frequently combined food collecting with raiding,
trading, and social visiting (Basso, 1971). Because few
supplies could be taken along, it may have been on these
long treks that yucca rope proved particularly useful for a
variety of purposes, such as lashing together the racks that
held sheets of dried mescal or threading together cakes of salt
(Goodwin F46- 48:311, 340; F54 -55: 52).

Western Apaches sometimes gathered ripe fruits, such as
those of the saguaro cactus, which were easily bruised and
difficult to transport (Goodwin F46:8). Mrs. Machuse
translates:

They say that woodpecker's (or) rat's nest (has)
really soft bark in it. They put (the nest) like a
basket into a gunny sack and sewed it with
'igaiyé. Those fruits are really soft. They used to
bring back cactus pears that way.

Most expeditions traveled by horseback; yucca rope was
used both for horse hobbles and in construction of temporary
brush corrals. Although Apaches today generally travel by
automobile, the ready availability of Y. baccata still is
appreciated. Mrs. Machuse:



Yucca baccata strips to be used to tie corn cobs together, for
decoration.

When we don't have anything, any rope (and) it
starts to rain, if there is 'igaiyé somewhere, we
can get it and cut it. We just split and tie it
together to make a rope out of it. (Then) we put
the canvas over it.

Yucca rope and string continue to be used in many
Apache households. It is common to see strips of Y. baccata
hanging in various places, ready to be put into service
whenever the need arises. The leaves can be shredded finely
enough to be used as dental floss or coarsely enough to make
a rope capable of carrying heavy loads. Yucca strings also are
employed extensively in modern Apache corn camps.
Neighboring fields usually are owned by relatives who farm.
together. When the harvest is large, hundreds of ears may be
cooked or stored in burlap gunny sacks. Because the corn
belongs to different individuals, ears often are bundled with
yucca strips tied in distinctive knots, thereby showing
ownership at a glance.

One might assume that yucca strings are used in these
and other ways simply because they are readily available at
no cash cost, but there is, in fact, a strong preference among
some Apaches for yucca rather than for such alternatives as
wire and cotton string. In the building of a shade ramada;or
wickiup (a traditional dwelling), for example, Y. baccata
continues to be the favored material. Mrs. Machuse:

You can tie it on anything you want. When you
make a shade (or) a wickiup, you have to tie it
with 'igaiyé....That wickiup (will) be good for
years...;it's cool in there and rain doesn't get
in....Now, everybody lives in a house. The
wickiup is better than the house.

For those Apaches who adhere strictly to tradition, the
use of yucca rope is mandatory in the so- called Sunrise
Dance (na'ii'ees). Characterized in simple terms, this
ceremonial consists of an elaborate reenactment of events
that led ultimately to the creation of Apache society. The
Sun, the Gaan, and Changing Woman (a prominent
Apachean symbol who embodies the ideals of womanhood)
are the central ritual figures. The primary purpose of the
Sunrise Dance is to invest pubescent girls with the physical
and psychological qualities required for life as adults. The girl
for whom the dance is given, everyone in attendance, the
land and its vegetation -all are thought to receive enormous
benefits from this ceremony (For a complete discussion of
this topic, see Basso 1966). The use of Y. baccata to tie, wrap,
and secure everything that needs to be held in place is
pervasive. For Apaches, it is correct, right, and proper to use
yucca strings, and only yucca strings, at this event.

As noted above, Y. baccata is associated with the Sun
through its close association with the Gaan, and it is through
this association, in part, that the plant can become a vehicle
of prayer. The physical shape of the plant is, itself, an aid in
propelling the power of prayers out into the world. Mrs.
Machuse translates:

'Igaiyé has a point inside (it). (Apaches) have to
pray and (then) that power (can) just slip
through that point when they start yelling.
That's how they used to pray with it.

Because yucca is understood by Apaches to contain no
inherent power, no prayers are required when the plant is
chopped, roasted, or pounded. As soap or as string, however,
yucca can assist in activating the positive powers of prayers.
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In traditional Apache thought, physical and mental
illness may arise from a variety of causes. If the Gaan are not
treated respectfully, for example, the offender may become
quickly and seriously ill. When a ritual specialist (diiyin)
suspects that a sickness is connected to the Gaan, he or she
may employ prayers that require tying the patient with
'igaiyé or 'igaiyé ts'osé strings and bathing him with igaiyé
soap. One purpose of these actions is to solicit the power of
the Gaan as an aid in restoring the patient to health.

A string of Yucca baccata has been used to sew closed a
burlap sack filled with corn to be cooked. The knot in
the end of the string identifies the owner of the corn
inside.

Unusual celestial events, such as a solar or lunar eclipse,
are viewed by some Apache people as signs of impending
dangers. When an eclipse occurs, the power of the Gaan is
called upon to return the celestial body to its proper position.
Whenever possible, prayers offered during an eclipse should
be made communally because they are intended to protect
everyone in the local area. Because time is of the essence in
these situations, any Y. baccata or Y. angustissima is accept-
able, regardless of its sex or where acquired. Mrs. Machuse
translates:

Náfiyáá, we call it when the moon and the sun
cross....(It shows) that something bad might
happen....There might be some kind of disease or
big trouble coming; that's what they said about
it....If it's náriyáá, the neighbors that live close
together have to gather themselves up right
away and they have to start praying, using four
'igaiyé. (But) just the men, not the ladies or kids.

Several different Western Apache prayers are appropri-
ate during an eclipse. One of these was recorded in 1932 by
anthropologist Grenville Goodwin. His instructor, Anna
Price, remembered a total solar eclipse that occurred in the
1840s, when she was a girl of about 8:

One day, about midmorning, all the women
were off gathering acorns (and) the sun started
to get dark. (Soon) it was half dark, and not
long after this it was totally dark. Now it was

dark all around and like nighttime. Some men
who stayed in camp shot a gun off to call the
women in from acorn gathering. When the
women heard the gunshot, they started to run
back to camp as fast as they could. After a
while, everyone had (gotten) back to camp.
Now one old man who knew about this kind of
thing told us all to come together so as to make
medicine. They started to sing about the sun
and the eclipse and kept on singing. While they
were doing this, one man took four (long) strips
of 'igaiyé and tied them...so that they made a
circle with four knots in it....(He) set it on the
ground there. Then he set one live coal from a
fire in the center of this (circle). This was to
represent the sun. Next he set four coals on top
of the 'igaiyé, one on each of the four sides. The
circle of 'igaiyé (stood for) the eclipse around
the sun, that was keeping it from shining.
When the four coals burnt the 'igaiyé through
in four places, then this eclipse would be
broken apart and the sun could shine out again
as before....Only one man worked on this and
watched it. The others must not look at it; they
just kept on singing. As they (sang), it started
to get light again. When the coals burnt
through the eclipse, the man watching it took
the four parts of 'igaiyé and threw them away.
Now everyone hollered because the sun was out
and shining as before. It was as if it had dawned
again. It did this while they were singing. I
heard later that other bunches of people had
done the same way we had, to make the sun
come back, and this is the way they always did
at such a time, I heard (Goodwin F33: 295,
296).

The Western Apache people of Arizona have incorpo-
rated Y. baccata into almost every area of their culture.
Applying knowledge originally acquired from the supernatu-
ral Gaan, Apaches have enhanced their daily and spiritual
lives for centuries by exploiting the full potential of this
enormously versatile plant. Whether at home or traveling,
Apaches continue to call upon 'igaiyé to serve a multitude of
secular and sacred purposes. And serve them it does, con-
stantly and dependably, in ways that cannot be matched by
any other botanical material. Western Apache history,
ideology, and society are all symbolically present in this
remarkable plant. Traditional Apaches understand that to
live correctly -that is, as Apache people properly should -
'igaiyé must be brought into all aspects of their lives. Mrs.
Machuse makes the point perfectly:

'Igaiyé? We really need it.
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Dedicated to the memory of
Robert Ben Machuse,

November 11, 1911 - November 5, 1990.
"He worked as a cowboy."
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Notes

1. Yucca baccata, 'igaiyé (pronounced ee- guy -yeh) in
Western Apache, has many common English names,
including banana, blue or fleshy- fruited yucca, and datil
(Ebeling 1986:472).

2. For stylistic purposes only, "Apache" is used occasionally
in the remainder of this article as an alternative to
"Western Apache." The statements and data presented
herein do not necessarily apply to any Apachean groups
other than the Cibecue and White Mountain Apache.

3. The orthography used in this article is that found in Perry
(1972); all Apache words are presented as spoken at
Cibecue.

4. The secular and religious uses of Y. baccata discussed
herein are only a few examples of the many ways in
which Western Apaches use this plant. The space
available prohibits presentation of a fuller corpus.

5. A full discussion of current Western Apache perceptions
of eclipses, etc., is beyond the scope of this article. It
should be noted, however, that some Apaches may
choose to pray under such conditions today, but not
necessarily as described here.
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Kennith E. Foster, Director of the Office of Arid Lands Studies,
congratulates Catherine E. Pake on her selection as the 1991..
William G. McGinnies Scholar.

Catherine E. Pake is the recipient of the 1991 William G.
McGinnies Scholarship. The Office of Arid Lands Studies
awards this scholarship annually to an outstanding graduate
student whose work focuses on arid lands and whose interests
are consistent with the goals of the Carnegie Desert Labora-
tory-to study the life history of plants under desert condi-
tions.

Pake's work centers on the demographic consequences
of environmental variability. Classical ecological theory
emphasizes that species coexist through resource- and
habitat -partitioning. These types of partitioning, however,
do not adequately explain diversity within plant cómmuni-
ties. Pake and other plant ecologists suspect that coexisting
plant species additionally minimize competition by partition-
ing the environment through time or through the interaction
of time and space.

13y investigating the demographic consequences of
environmental variability for three common Sonoran Desert
winter annuals, Pake hopes to learn more about factors
affecting species coexistence. In particular, Pake manipu-
lates three environmental conditions -shrub cover, plant
density, and water levels -in order to better understand
variations in demographic success.

Pake completed a bachelor's degree at the Oregon
Health Sciences University and a master's degree at the
University of Minnesota. She worked in Thailand and the
United States as a nurse before coming to the University of
Arizona to continue her graduate studies. She is currently
working on her doctorate in Ecology and Evolutionary
Biology at the University of Arizona.

Gathering the Desert. 1985. By Gary Paul Nabhan, with
illustrations by Paul Mirocha. 209 pp. The University of
Arizona Press, 1230 N. Park Ave., No. 102, Tucson, AZ
85719. US$19.95.

Harsh and sterile though it may appear to be, for
thousands of years the Sonoran Desert has yielded food, fiber,
home, and hearth for the cultures dwelling within it. Now,
as the skyscrapers rise and water tables drop throughout the
Southwest, folk wisdom about native plants is fading among
American Indian and Mexican alike. Gathering the Desert
looks to the past to recapture folklore that is slipping away
and looks to the future to describe how discoveries about arid .
lands plants can help to solve food problems on a global
level.

People of the Desert and
Sea: Ethnobotany of the
Seri Indians. 1985. By
Richard Stephen Felger
and Mary Beck Moser,
435 pp. The University
of Arizona Press, 1230
N. Park Ave., Tucson,
AZ 85719.

Living along the arid shores of the Gulf of California
where traditional agriculture is impossible, the Seri Indians
entered the twentieth century as one of the world's few
remaining hunter -gatherer societies. Despite increasing
acculturation since the 1950s, resources from the desert and
sea have continued to play a role in the Seris' everyday lives.
People of the Desert and Sea provides detailed information on.
Seri use and knowledge of more than 400 plants, presented
within the context of Seri history and culture._

With Bitter Herbs They Shall Eat It: Chemical Ecology and the
Origins of Human Diet. 1990. By Timothy Johns. The
University of Arizona Press, 1230 N. Park Ave., Tucson, AZ
85719. $40.00

Using the Aymara Indians in the Andes as a case study,
With Bitter Herbs They Shall Eat It blends ethnobotany and
chemical ecology into a new field of human chemical
ecology as a foundation for explaining the evolution of



human diet and medicine. It describes ways in which
humans have dealt with toxins, including biological adapta-
tions, processing and other cultural mechanisms, domestica-
tion of plants, and sensory perception and communication, as
well as exploring the role of toxic plant chemicals in herbal
medicine and modern pharmaceuticals.

A Legacÿ
of Change A Legacy of Change:

Historic Human Impact on
Vegetation of the Arizona
Borderlands. 1991. By
Conrad Joseph Bahre.
231 pp. The University

of Arizona Press, 1230
N. Park Ave., No. 102,
Tucson, AZ 85719.
US$29.95.

Vegetation change in the American West has long been
an issue of concern. This careful scrutiny of one corner of
that region -one of the most ecologically diverse areas of the
United States -shows how poorly understood is the relation-
ship between human activities, such as cattle grazing and
agriculture, and vegetation. More important, it introduces
new techniques for differentiating between natural and
anthropogenic factors affecting vegetation change that can
be used to help ecologists understand vegetation dynamics
worldwide.

The Tumbleweed Gourmet:
Cooking with Wild South-
western Plants. 1987. By
Carolyn J. Niethammer.
229 pp. The University
of Arizona Press, 1230
N. Park Ave., No. 102,
Tucson, AZ 85719.
US$20.00.

In The Tumbleweed Gourmet, more than 170 original
recipes prove that abundant and delicious foods lie literally
at the doorstep of many desert dwellers. And for those living
outside the Southwest, the book provides alternate ingredi-
ents and a list of mail -order distributors. This collection of
nutritious and good- tasting recipes ranges from squash
blossom soup to pear and pickle relish, from wild wheat
muffins to mesquite mousse, from barrel cactus chutney to
fresh corn pudding.

DESERT HAR EST
A GUIDE TO

VEGETABLE GARDENt.(=
IN ARID LANDS

rmmnammta

Desert Harvest: A Guide to
Vegetable Gardening in Arid
Lands. 1982 (Revised
1990). By Jane Nyhuis.
63 pp. Growing Connec-
tions, Inc., 2123 E. Grant
Rd., Tucson, AZ 85719.

An energetic movement is leading to the transformation
of millions of American backyards and vacant lots into
productive gardens. Nor is this community and backyard
gardening movement confined to the United States: small -
scale gardening is seen by many as an effective strategy for
combating food problems throughout the world. Desert
Harvest is a thorough guide to arid lands gardening from
planning through harvesting, and advocates environmentally
sensitive, inexpensive gardening practices. It provides
specific planting dates and vegetable varieties for the Tucson
area, but is generally applicable to many other arid regions.
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AN
CIPE

OK

1 yache, Pima, °S
l'frcl,fir, arid Navajo

Southwestern Indian Recipe
Book: Apache, Papago, Pima,
Pueblo, and Navajo. 1973. By
Zora Hesse. 52 pp. The Filter
Press, P.O. Box 5, Palmer
Lake, CO 80133.

Billed by its publisher as "traditional aboriginal reci-
pes -with a few modern variations," the 38 recipes in this
book include both original Indian dishes and some that are a
mere few hundred years old and include "new" foods intro-
duced by the Spaniards. Almost every recipe includes at
least one of the staple foods of the Southwest: corn, squash,
and pumpkin. Original recipes include corn with squash
blossoms, prickly pear vegetable, tepary beans, cholla bud
vegetable, mesquite bean juice drink, Pima pinole, blue corn
bread, green pumpkin stew, and Pueblo green jerky fry.

31



32

PERIODICALS

Journals

Ecology of Food and Nutrition. Quarterly. Published by
Gordon and Breach, Science Publishers, Inc., c% STBS
Ltd., 1 Bedford Street, London WC2E 9PP, United
Kingdom. SF1,024.00 (institutional). Libraries and
individuals should contact the publishers for details.

Ecology of Food and Nutrition is an international journal
of the nutritional sciences. It particularly emphasizes foods
and their utilization in satisfying nutritional needs of
mankind, but extends also to nonfood contributions, such as
obesity and leanness, malnutrition, vitamin requirements,
and mineral needs, as well as cultural prohibitions and
traditional usages.

Economic Botany. Quarterly. Published by the Society for
Economic Botany by the New York Botanical Garden,
Bronx, N.Y. 10458-5126. US$50.00 (United States),
US$56.00 (all other countries).

Economic Botany specializes in scientific articles on past,
present, and future uses of plants by people and the relation-
ships between plants and civilization. Emphasis is on uses
rather than on growing of plants. Economic Botany is an
international journal and papers are published in English,
French, German, Portuguese, Russian, and Spanish.

Journal of Ethnopharmacology. Twelve issues per year. Pub-
lished by Elsevier Scientific Publishers Ireland Ltd., P.O. Box
85, Limerick, Ireland. US$704.00 (individual and institu-
tional). Includes US$68.00 for airmail postage to the United
States. Subscribers from other countries should contact the
publisher for shipping rates.

An interdisciplinary journal devoted to bioscientific
research on indigenous drugs, the Journal of Ethnopharmacol-
ogy publishes original articles concerned with the observa-
tion and experimental investigation of the biological
activities'of plant and animal substances used in the tradi-
tional medicine of past and present cultures.

Newsletters

ILEIA Newsletter. Published by the Information Centre for
Low -External -Input and Sustainable Agriculture (ILEIA),
Kastanjelaan 5, P.O. Box 64, 3830 AB Leusden, The
Netherlands. US$12.50 (students and residents of Third
World countries), US$25.00 (all other countries).

UC Mexus News. Quarterly. Published by the University of
California Consortium on Mexico and the United States
(UC MEXUS), 1141 Watkins Hall, University of California,
Riverside, CA 92521. Free of charge.

The Sonoran Quarterly. Quarterly. Published by the Desert
Botanical Garden, 1201 N. Galvin Parkway, Phoenix, AZ
85008.

Alternative Agriculture News. Monthly. Published by the
Institute for Alternative Agriculture, 92000 Edmonston Rd.,
Suite 117, Greenbelt, MD 20770. U.S.$15.00 (tax- deduct-
ible).

CIKARD News. Quarterly. Published by the Center for
Indigenous Knowledge for Agriculture and Rural Develop-
ment (CIKARD), Technology and Social Change Program,

Iowa State University, 318 Curtiss, Ames, IO 50011, USA.

The DESFIL Newsletter. Quarterly. Published by the
Development Strategies for Fragile Lands (DESFIL) Project,
624 Ninth Street NW, Sixth Floor, Washington, DC 20001,
USA.

Organic Fanner: The Digest of Sustainable Agriculture.
Quarterly. Published by Rural Vermont, 15 Barre Street,

Montpelier, VT 05602, USA. U.S.$10.00.

Seedhead News. Quarterly. Published by Native Seeds/
SEARCH, 2509 North Campbell Avenue #325, Tucson, AZ
85719, USA. U.S.$10.00.

CALL FOR PAPERS

Ecocity 2, the Second International Ecological City Confer-
ence, will convene in Adelaide, South Australia, April 16-
19, 1992.

Urban Ecology Australia, the conference organizer, has
issued a call for papers detailing "reliable, visionary proposals
for ecocity projects from architects, planners, activists,
researchers, and assorted visionaries from around the world."

Major issues to be addressed at the conference include
tropical and arid lands development, climate change,
ecological reclamation, indigenous peoples, bioregional
development, appropriate technologies, social equity, and
the urban poor.

A one -day Sustainable Cities Workshop will follow the
three -day Ecocity 2 conference on April 23 in Freemantle,
West Australia.

Deadline for expressions of interest (with paper title,
CV, and 200 -word abstract) is October 1, 1991; deadline for
completed papers is November 30, 1991.

Mailing address: Urban Ecology Australia, P.O. Box
3040, Grenfell Street, Adelaide, SA 5000, Australia. FAX:
(08) 212 -4455. E -mail via Pegasus: peg:pdownton.



CONFERENCES

New Crops: Exploration, Research,
Commercialization
Second National Symposium

Hyatt Regency Hotel
Indianapolis, Indiana
October 6 -9, 1991

Sponsored by The Indiana Corporation for Science and
Technology; U.S. Department of Agriculture; American
Society of Agronomy; American Society of Horticultural
Science; Crops Science Society of America; The Society for
Economic Botany; New Crops Center, Purdue University;
and the Center for Alternative Plant and Animal Products,
University of Minnesota.

This symposium will provide a national forum for
leading authorities from industry, government, agricultural
experiment stations, and academia to discuss the status and
future of new crop development in North America. Lectures
and panel discussions will provide overviews and analyses on
a wide range of new crops, including grains, legumes,
oilseeds, fiber crops, industrial and energy crops, fruits, floral
and landscape plants, vegetables, pharmaceuticals, spices,
and herbs.

Symposium objectives are
to determine the status of new crops research and develop
ment nationally and internationally,
to explore the potential of new crops, new uses for existing
and underexploited crops, and to identify constraints to
commercialization, and
to develop strategies for the establishment of cooperative
partnerships between state, federal, and industrial
organizations.

Registration fees are as follows:
Regular: US$175
Student: US$50

Registration should be paid by check or money order made
out to Purdue University and sent to Continuing Education
Business Office, Room 110, Stewart Center, Purdue Univer-
sity, West Lafayette, IN 47907. Registration fees must be
postmarked before July 1, 1991 in order to avoid late charges.

For more information, contact:
Jules Janick or Jim Simon
New Crops Center
Department of Horticulture
Purdue University
West Lafayette, IN 47907
Telephone: (317) 494 -1329 and 1328

Etnobotanica 92
Jardin Botanico de Cordoba

Cordoba, SPAIN
September 20 -26, 1992

Sponsored by the Andalusian Autonomous Government
(Andalusia 92 Program), Cordoba Town Hall, and the
University of Cordoba.

Etnobotanica 92 is a series of symposia on diverse subjects
relating to ethnobotany. Symposia topics include ethnohis-
tory, anthropology, and sociology; ethnobotany; biodiversity
of cultivated and promissory species from America and
Europe; exchange and conservation of plant genetic re-
sources between America and Europe; American flora in the
evolution of toxicology and pharmacology; management of
natural and agricultural ecosystems; and exchange of weedy
species between Europe and America. Etnobotanica 92 also
includes round tables, satellite meetings, and excursions.

Detailed descriptions of symposia, associated activities,
and travel and lodging arrangements, as well as information
about registration fees, can be obtained by contacting:

Etnobotanica 92
Jardin Botanico de Cordoba
Apartado 3.029 -14080 Cordoba SPAIN

International Conference on
Development of New Crops

Hyatt Regency Hotel
Jerusalem, ISRAEL
March 8 -12, 1992

Sponsored by the Israeli Ministry of Science and Technol-
ogy, the Israeli Ministry of Agriculture, and the American
Association for the Advancement of Science.

Interest in new and exotic crops has increased substan-
tially throughout much of the world, as a result of overpro-
duction of conventional crops, development of new tastes
and consumption, and the need to utilize marginal lands.
The world is rich in unexploited or underutilized species with
potential economic value that can be identified and devel-
oped by the world's scientific community. The development
of new crops, including botanical, agronomical, engineering,
economical, and marketing aspects, is the focus of this
conference.

Official language will be English. Proceedings will be
published after the conference by an international publishing
house.

For more information about the conference, contributed
papers, and registration materials, contact:
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Conference Secretariat
International Conference on
Development of New Crops
ORTRA LTD.
P.O. Box 50432
Tel Aviv 61500 ISRAEL

Argentine-Chilean International
Congress on Arid Zones
Sustainability of Natural Resources
of Arid Zones

Hotel Casino Potrero de los Funes
San Luis Province, Argentina
November 13-16, 1991

Sponsored by the Academia Nacional de Ciencias Exactas,
Físicas y Naturales de Argentina and the Academia Chilena
de Ciencias del Instituto de Chile.

The main objective of the Congress will be the presentation
and discussion of ideas and new approaches on problems of
the arid zones, in order to identify and discuss proposals and
future research that will help in their development.

Spanish and English will be the working languages.

For more information about the conference contact:
Señor Presidente
Dr. Ing. Oreste Moretto
Congreso Internacional Argentino-Chileno sobre
Zonas Aridas 1991
ACADEMIA NACIONAL DE CIENCIAS,
EXACTAS, FISICAS Y NATURALES
Avda. Alvear 1711, 4o piso
(1014) Buenos Aires - ARGENTINA
or
Señor Presidente
Dr. Luis Vargas Fernández
Congreso Internacional Argentino-Chileno sobre Zonas
Aridas 1991
ACADEMIA CHILENA DE CIENCIAS DEL
INSTITUTO DE CHILE
Almirante Montt 453
Santiago - CHILE

VISITORS

Professors Olga Antisiferova (top) and
Tilla Babeva (bottom) of the Desert Research
Institute, Turkmen, USSR, visited OALS
during March. Dr. Antisiferova studies water
transfer in and salinization of desert soils,
particularly in Turkmenistan. Dr. Babeva uses
remote sensing techniques to map desertifica-
tion. Although she is interested in desertifica-
tion world-wide, Dr. Babeva focuses on the
USSR and Africa. Both Drs. Babeva and
Antisiferova spent their month-long stay in
the United States using IDRISI software to
examine desertification and soil degradation.



An Important Word
To Our Readers

It has become a familiar story: Increasing demand for a
public service combines with escalating costs to imperil
the service in question, even as the need for that service
grows. If the service happens to be delivered in the form
of a not -for -profit magazine like the one you're reading
now, rising production, postage, and operational costs
force you to consider new ways to underwrite the venture.

The Arid Lands Newsletter long has been mailed to its
readers around the world free of charge, and that's the
way we'd like to keep it, especially for our colleagues in
developing countries. In order to do that - given both
our rising costs and increasing demand - we need your
support. Here are two ways you can help:

Contribute to the Patricia Paylore Fund for the
Arid Lands Newsletter. Your tax -deductible (if you file a
U.S. tax return) donation will help us continue to put a
valuable source of information on the world's dry places
into the hands of those people who are working to find
and implement strategies for sustainable use of arid and
semiarid lands.

Mail your check or money order, made payable to
The University of Arizona Foundation /Patricia Paylore
Fund for the Arid Lands Newsletter, to:

Dr. Frank J. Felix
The University of Arizona Foundation
1111 North Cherry Avenue
Tucson, Arizona 85721 USA

Tell us about yourself, your work, and your opinion
of the Arid Lands Newsletter. A few minutes of your time
spent answering the questions at right and mailing back
the completed questionnaire will be time spent helping us
to improve the magazine's usefulness - and, perhaps, its
prospects.

You'll be helping yourself, too. We will be using
response to this survey to update our mailing list.

Unless we receive your completed
questionnaire by January 31, 1992,
we will be forced to drop your name
from our list of subscribers.

Mail your completed questionnaire to:
The Editor
Arid Lands Newsletter
Office of Arid Lands Studies
The University of Arizona
845 North Park Avenue
Tucson, Arizona 85719 USA

The Questionnaire:
Subscriber's Name

Mailing Address

1. Do you wish to continue to receive the Arid Lands
Newsletter? Yes No

2. Would you continue to subscribe if a US$10 annual
(two issues) fee were charged? Yes No

3. Do you receive the Newsletter in exchange for a
publication of your own? Yes No If yes,
which publication(s)?

4. How many people, in addition to the subscriber,
usually read your copy of the Newsletter?

5. What is your primary area of interest and /or research?

6. What, if any, is your professional affiliation?

7. Are you a student? Teacher? Researcher?
Policy Maker? Librarian /Documentalist?

8. If you are an educator, do you teach
(a) grades K -12_
(b) college /university undergraduate
(c) college /university post -graduate
(d) community two -year college
(e) vocational /technical school
(f) other (please specify)

9. Do you find Newsletter articles useful in your work or
studies? Simply of interest? Neither?

10. Which sections of the Newsletter do you find most
interesting and /or useful? Articles Publications
News Conference News

11. What general or specific organizing themes would you
suggest for future issues of the Arid Lands Newsletter?
(Past issues have focused on desert architecture,
renewable natural resources, and many others. The
current issue's theme is ethnobiology, and future
issues are planned on the themes of global change and
sustainable uses of arid lands.)

(a)
(b)
(c)
(d)
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DESERT BOTANICAL GARDEN, USA

Featuring SSC Symposium:

"CONSERVATION OF MUTUALISMS: THREATENED SUCCULENTS AND ENDANGERED POLLINATORS?"

For Preregistration & Submission of Abstracts (By December 15th), Write:

IOS CONGRESS, DESERT BOTANICAL GARDEN, 1201 NORTH GALVIN PARKWAY, PHOENIX, ARIZONA 85008 USA

International Organization For Succulent Plant Study

Organización International Para El Estudio De Plantas Suculentas

International Organisation Fire Sukkulenten-Forschung

Organisation Internationale De Recherche Sur Les Plantes Succulentes
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