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Abstract 
Following a brief introduction to the geography, geomorphol- 

ogy, and climatic conditions of the arid northern regions of Chile, 
20 taxa of plants are described in terms of their botany, ecology, 
distribution, and current and past uses. Emphasis is placed on 
perennial legumes, some of which are being used in a new research 
and development project in Chile. Discussion is also made of pos- 
sible pre -Colombian plant exchanges between northern Chile and 
the region east of the Andes. 
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Introduction 
Northern Chile has a large number of desert plants of sig- 

nificant economic importance or potential. Most are poorly - 
known outside this region. As part of an on -going search for 
"elite" germplasm of economically useful plants from arid 
and semiarid regions, I recently visited northern Chile in 
search of germplasm of multi -purpose legume trees and 
shrubs with clear fodder value; in addition, I collected 
seeds of other species when they appeared worthy of culti- 
vation for any reason. Here I present a sample potpourri; 
needless to say, there are many other valuable plants in the 
region awaiting propagation and development. 

The Setting. The Pacific coast of South America from 
the equator in Ecuador to 29 °S in central Chile has one of 
the most intensely arid climates in the world (di Castri and 
Hajek, 1976). The terrestrial result is the longest desert and 
semidesert area of the world (3700 km). Despite a long his- 
tory of human occupation, this region has only intermit- 
tently been disturbed in a significant way, mostly for min- 
erals and nitrates. This activity, primarily in the last cen- 
tury has, however, been sufficient to cause the destruction 
of most of the woody vegetation of the region (Hidalgo, 
1972). 

The main cause for the existence of the "Peruvian - 

Chilean desert" is the presence of the cold Humboldt 
Current which originates in Antarctica and runs north, 
parallel to the coast all the way to the equator, where it 
turns west to the mid -Pacific (Kummerow, 1966; Raven 
and Axelrod, 1981; Kalin et al., 1988; Santibañez, Gajardo 
& Denham, 1988). As a result of this offshore influence, 
mean precipitation averages less than 5 mm/ year for most 
stations along the coast, and in the intermediate depres- 
sion between the coastal cordillera and the Cordillera de 
los Andes, rainfall typically occurs only once every 5 -10 
years (Cornejo, 1970; d'Herbes, Diaz and Azocar, 1988). 
Isotherms run nearly parallel to the coast, and tempera- 
tures are lower than for most desert areas of comparable 
latitudes. Near the coast, heavy fogs known as "garua" can 
contribute significantly to available moisture usable by 
plants (Kummerow, 1966; Santibañez, Gajardo and Den- 
ham, 1988). Notably, there are very few signs of erosion in 
the desert region as a result of low precipitation and 
perhaps also the relatively low frequency of important 
winds. 

The Humboldt Current is, however, only one of two 
main factors contributing to aridity in the region. The dry- 
ness of the northern Chilean coast and high plateaux is also 
due to the presence of the immense Cordillera de los Andes 
(3000 -5000 m, with peaks up to 7000 m) rising little more 
than 100 km from the coast. Together with the coastal Cor- 
dillera, the Cordillera de los Andes acts as a barrier against 
the penetration of humid eastern trade winds. The Peruvian - 
Chilean coastal desert is therefore at the same time a 'cold 
air' and a 'rain shadow' desert (di Castri and Hajek, 1976; 
Caviedes and Daget, 1985; Rauh, 1985). 

True desert, without vegetation except along main water 
courses or in coastal fog pockets, occurs south of 17 °S, in 
southern Peru, to about 25 °S, near Antofagasta in northern 
Chile. I concentrate on the lowland region from the Peru- 
vian border to La Serena in the south, comprising the four 
geographical territories known in Chile as the Ist, Ilnd, 
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IIIrd and IVth regions. 
The plants described occur in the coastal plain and coast- 

al Cordillera (500 -800 m elevation) where coastal fogs 
( "garua ") contribute an important portion of total mois- 
ture, the intermediate depression between the cordilleras, 
which corresponds roughly to the region known as the 
Atacama, and, finally, the precordillera region (1000 -3000 m 
above sea level). Compared to most other desert regions of 
the world, it is remarkable to find arid environments at such 
high altitudes. Indeed, inland from the coastal cities of 
Antofagasta and Taltal, at 24 ° -25 °S, desert conditions 
reach elevations up to 3,000 m (Caviedes and Daget, 1985; 
Kalin et al. 1988). Higher still in the Andes occur the Puna 
and Altiplano regions (3000 -6700 m), which will not be 
treated here. 

The importance of long -term cycles or completely 
stochastic events on flora and fauna of arid and semi -arid 
regions is increasingly recognized (Hobbs and Mooney, in 
press), and the biota of the Atacama is no doubt highly 
influenced by such cycles and events. Thus, apart from 
contributing a rainshadow effect to the Pacific coast of 
northern Chile (and also Peru and southern Ecuador), the 
proximity of the Andes is an important, if unpredictable, 
source of water to the desert, when, once in a great while, 
quickly melting snows lead to torrential floods. Very few 
records or analysis of this phenomenon exist, yet it is unde- 
niably an important factor in plant distribution and the 
evolution of life history strategies in the Atacama desert on 
a long -term basis. For example, rapid snow -melt in 1972 
and 1976 created floods in the La Huiaca -La Tirana plain of 
the Pampa del Tamarugal, followed by inundation lasting 
2 -5 days. These isolated episodes led to eradication of a 

number of mature trees, but also triggered germination and 
regeneration of many tree, shrub and herbaceous plants 
(and undoubtedly certain ephemeral insects and other in- 
vertebrate species) only rarely seen in their juvenile stages 
(H. Leon, pers. comm.) 

Biosketches are drawn of some 20 taxa found in northern 
Chile, most of which show clear potential for aridland re- 
forestation, agroforestry, or horticulture. A few other 
species are included for their special interest. Information 
is presented on the botany, distribution, and current or po- 
tential uses of each species. Taxa are grouped by family, 
roughly in order of smallest to largest plant size, with cacti 
and legumes at the end. Treatment of taxa is unequal, and 
reflects unequal coverage in the literature as well as per- 
sonal bias. 

Moreover, some of the more useful species covered may 
have been introduced to the region by man and livestock in 
the past few centuries or millenia. All of these are so well 
integrated as to warrant consideration in this review. For 
some species, notes on phylogeny, taxonomy or biogeog- 
raphy are offered as well. 

Scientific names of each species are followed by the bo- 
tanical family name and vernacular name(s) as used in 
northern Chile and adjacent areas. Voucher specimens for 
most species are deposited at the herbarium of the Univer- 
sidad de Concepcion, Chile (CONC), the Missouri Botani- 
cal Garden (MO), the Royal Botanic Gardens (K) and the 
Museo Nacional de Historia Natural, Santiago, Chile 
(SGO). Some duplicates are also deposited at the herbarium 
of the University of Arizona, Tucson (ARIZ). 
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The Species 
1. "Rolling Lichens" (Rocella cervicornis; Parmelia va- 
gans; and Tornabenia ephebaea, and others). 

Unattached to any substrate, these lichens are blown 
about by wind and occasionally moved by water. Very little 
is known about their biology or ecology, apart from the fact 
that they occur in regions with regular amounts of dew and 
fog (Follmann, 1966; Rauh, 1985). Another example of this 
inconspicuous but ingenious life form is found in the 
deserts of North Africa (Lecanora esculenta) (Rauh, 1.c.). 
More than a dozen species of "rolling" and "sedentary" ter- 
restrial lichens also occur in the coastal fog desert of South 
West Africa /Namibia, where they form astonishing pygmy - 
forests 2- 7 cm high. 

2. Calandrinia grandiflora Lindl., C. discolor Schrad., C. 
longiscapa Barn. (Portulacaceae) (DOQUILA; CONGONILLA; 
R ENI L LA). 

Botany. Related to the well -known genus Portulaca, 
Calandrinia includes about 150 species found along the 
Pacific, from Chile to Canada, and in Australia, with some 
50 species occuring in Chile (Muñoz Schick 1985). These 
include a few small shrubs, and many annuals. The desert - 
dwelling species are brightly- colored ephemerals found in 
washes and small depressions where their rose or bright 
red, persistent flowers, and semisucculent stems 10 -30 cm 
tall are a welcome relief from the surrounding absence of 
color and plant life. 

Phylogeny. The Portulacaceae are quite rich (8 genera, 
ca. 130 species) in northern Chile, with a number of en- 
demics. Accordingly, they represent a New World parallel 
to the astonishingly diverse Aizoaceae in South West Africa 
and the northern Cape of South Africa. Both groups appar- 
ently derive from "primary differentiation of the Cheno- 
podiales" that probably occurred in edaphically arid areas 
of the interior of Gondwanaland (Raven and Axelrod 
1974:605). 

Subsequent to the parting -of- company of Africa and 
South America (approximately 100 m.y. B.P.), the Portula- 
caceae evolved in isolation in South (and North ?) Ameri- 
can deserts, parallel to the Aizoaceae in SW Africa. A simi- 
lar case of parallel evolution apparently occurred in the 
Chenopodiales, involving the Cactaceae in North and 
South America, and Didiereaceae in Madagascar. 

Uses. Although the genus is not unknown in horticul- 
ture, several species of Chilean Calandrinia await trials as 
annual bedding plants in desert gardens. Some might well 
work in dried flower arrangements, after the fashion of 
Limonium ( "Statice ") or Helichrysum spp. These dried 
flowers would then represent a potential source of income 
for small -scale farmers. 

3. Puya berteroniana Mez. (CHAGUAL) and Puya chilensis 
Mol. ( CARDON) (Bromeliaceae). Alternate applications of 
common names: CHAGUAL: edible meristem; CARDON: 
whole plant; PUYA: flower. The later common name was 
adapted by Giacomo Molina as the botanical name of the 
genus. 

Botany. These bromeliads are terrestrial or cliff -dwelling 
xerophytes with tough, heavily armed leaves covered by a 
thick cuticle. Their yellow (or violet, in other species) 
flowers are borne on impressive, monopodal flowering 
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stalks reaching 2 -3 meters in height in spring. Following 
the appearance of a flowering stalk, the stem from which it 
emerges senesces and dries. These Puyas thus strongly re- 
semble various Agave species in their growth -form and life 
history (see drawing in Muñoz, 1959). 

Distribution. Of the 120 species in this mostly Andean 
genus, there are five species in Chile, mostly on dry, rocky 
slopes in the central region. Puya berteroniana and P. ve- 

nusta Phil. extend farther into the desert than other Chilean 
species, but occur there only in favorably moist sites. 

Uses. The fibres of several Puya species were used for 
clothing by natives at the time of Conquest (Muñoz 
Schick, 1975), and a gum extracted from the meristem is 
said to be an excellent antidiuretic (Murillo, 1889). Nowa- 
days, sections of the dried flowering stalks are used as a 

poor -man's cork, and even as life -preservers for young chil- 
dren (A. Lavin, pers. comm). 

The major use however, especially of P. berteroniana, is 
as food. The meristem of Chagual is sliced or diced very 
thin, and eaten raw in salad. Its color, texture, and flavor 
are very like that of "hearts of palm ". It seems probable 
that some species could be extensively cultivated as a sub- 
stitute for this high -priced tropical luxury salad. 

Horticultural considerations. The species Puya berte- 
roniana, P. chilensis, P. boliviensis, and P. coquimbensis 
have all been found relatively easy to cultivate (A. Lavin, 
pers. comm.; L. Faundez, pers. comm.). With irrigation and 
fertilization, plants grow quite quickly in conventional 
containers. Some species would certainly enhance a desert 
succulent garden, and small -scale plantings for food - 
production of Chagual should certainly be attemped as 
well. Some species appear to be rather aggressive invaders 
when they escape from cultivation. Their management, 
therefore, both in the nursery and in the garden, should be 
carefully monitored. 

4. Atriplex repanda Phil. (Chenopodiaceae) (CACHIYUYU; 
SERANO) 

Botany. There are some 12 species of this large (approxi- 
mately 245 species) cosmopolitan genus in Chile, all of 
which are perennial, usually dioecious shrubs, 1 -2 m tall. 

Distribution. Atriplex species are common in northern 
Chile, as indeed in arid and semiarid regions of most conti- 
nents. Unfortunately, A. repanda, which is by far the most 
valuable Chilean species, has been drastically reduced over 
the past two centuries, and currently is found only in iso- 
lated populations, at low altitudes, from Copiapo in the 
IVth region to Catapilco in the Vth region (Gasto and Con- 
treras Tapia, 1970; Lailhakar, 1981; L. Faundez, pers. 
comm.). 

Uses. Atriplex repanda has been driven nearly extinct 
and rendered nearly useless as a forage plant through a pro- 
cess which Arturo Burkart (1976:522) called "artificial 
negative selection." This term implies the well -known but 
poorly documented process whereby grazing animals and 
people, when presented with a choice, tend to graze, cut, 
and otherwise harvest the largest and most valuable indi- 
vidual phenotypes from every population of wild plants. 
Thus, the most palatable individual bushes are the ones 
eaten (or cut) first; the next best are taken next, and, when 
over -harvesting continues, very soon what's left is only un- 
palatable, unusable "junk" plants. 

In view of their well -known fodder value and ability to 
grow under harsh conditions of aridity and /or salinity, sev- 
eral native species of Atriplex, along with A. nummularia 
Lindl., and other popular Australian species, have been 
much planted in northern Chile, especially near the coast 
where most human and livestock populations are concen- 
trated (Lailhakar et al. 1981; Olivares and Gasto, 1981; 
Lailhakar, 1987). By 1985, some 32,000 ha of Atriplex 
repanda and A. nummularia had been planted in the IVth 
region (Olivares et al., 1985). Results have been satisfactory 
only when adequate attention was given to environmen- 
tal variation and management practises (D'Herbes and 
Caviedes, 1985; D'Herbes, 1988). As in many other desert 
areas where Atriplex plantations have been established, 
little or no practical application of the results of research 
has been made by farmers or pastoralists. 

One Australian species, Atriplex semibaccata R. Br., in- 
troduced in coastal areas early in the century (Echegoyen, 
1923), proved to be so useful that it was subsequently sown 
in many coastal areas by airplane. Not surprisingly, it is 
now very widespread, well beyond the area of sowing, dis- 
seminated primarily by birds. Livestock reportedly browse 
it readily. Accordingly, ecological considerations of this 
biological invasion aside, A. semibaccata can be consid- 
ered the most important species of Atriplex used for fodder 
in northern Chile today. 

5. Skytanthus acutus Meyen (Apocynaceae) (CUERNO DE 

CABRA) 
Botany. This genus, with only three species, is limited to 

dry areas of northeastern Brazil and northern Chile. S. acutus 
is a sprawling shrub ca. 1 m tall and 1.5 m wide, with 
glossy, linear leaves and bright yellow flowers. This dis- 
tinctive species is one of the few woody species in the 
desert littoral region of northern Chile. The pods are long 
and yellow when ripening, and turn brown and curl in upon 
themselves. When mature and fallen from the mother 
plant, they resemble miniature bulls -horns or goats- horns, 
whence the common name Cuerno de Cabra (Photo 2). 

Distribution and Ecology. Cuerno de Cabra occurs in 
large, isolated patches, thus showing similar distribution 
patterns to many shrub species in the coastal desert, e.g. 
Atriplex deserticola Phil., Euphorbia lactiflua Phil., No- 
lana rostrata Miers. ex Dunn., and Pintoa chilensis C. Gay. 
It appears to prefer deep sandy soil, mostly limited to the 
coastal region, but also occurs further inland, in the IIIrd 
and IVth regions (Muñoz Schick, 1985). 

One explanation for its sporadic and patchy distribution 
may lie in the peculiar architecture of the fruits. With their 
springy, spiral curvature, the mature pods appear to act as 
"leg- trappers" in order to facilitate seed dispersal. If this is 
in fact the main form of seed dispersal in this species, 
Cuerno de Cabra might represent a case of convergent 
evolution with the Devil's Claw, Proboscidea (Martynia- 
ceae), and the SouthWest African Grapple, Harpagophy- 
turn (Pedaliaceae) (see Aronson and Thomson, 1987). As in 
both those genera, the woody pods of Cuerno de Cabra split 
open longitudinally to release seeds as they are dragged 
around by unwilling ungulates and other roaming animals. 
On the other hand, Muñoz Schick (1985) records that 
Cuerno de Cabra fruits are frequently dispersed by heavy 
winds. Indeed their smooth, rounded shapes would facili- 
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Skytanthus acutus in habitat. 

tate rolling on sandy ground. 
Uses. This attractive, low- growing shrub might find use 

in sand -dune fixation and in desert garden rockeries. The 
fruits are irresistible to collectors of dried fruits and pods. 
A pre- hispanic, nomadic tribe of the Atacama, the Changos, 
allegedly used latex from this plant for arrow poison (Le 
Paige, 1958). 

6. Porlieria chilensis Johnst. (Zygophyllaceae) (GUAYACÁN) 
Botany. Almost invariably seen as a stunted, ruthlessly 

cut -over shrub of no charm or value, under favorable cir- 
cumstances Guayacán can develop into a handsome tree, 
2 -3 m tall. On well -grown specimens, the thin brown bark 
peels in large patches or scales, rather like a sycamore, to 
reveal green inner bark or subtle beauty. The attractive, 
glossy leaves are pinnate and borne on short petioles, one 
to several per axis. The small, violet, pentamerous flowers 
are typical of arborescent Zygophylls of the dry American 
tropics (Porlieria spp., Guaiacum spp., Bulnesia spp.): the 
5- winged, purple fruits are tardily dehiscent and somewhat 
fleshy. 

Distribution. Endemic to the VIth, Vth and IVth regions 
of northern Chile, the Guayacán is only rarely found in the 
true desert north of La Serena. In the face of severe over - 
exploitation by people, very few large specimens are left in 
the wild; these are mostly found in steep, rocky, inaccessi- 
ble sites far from towns and villages. Again, it seems proba- 
ble that in pre -colonial times Guayacán was far more abun- 
dant, albeit in specialized microhabitats only, throughout 
much of the desert region. 

Uses. The slightly oily wings of the fruits are edible 
though the flavor is not very memorable. Apparently, 
fruits and leaves were formerly used locally to treat rheu- 
matism and syphilis (Echegoyen, 1921). More significantly, 
Guayacán wood has the light color of Citrus, ornamented 
with irregular, olive -green patches, which make it very 
popular for woodworking, and formerly, for furniture - 
making. Moreover, the wood is iron -hard (like other slow - 
growing desert trees, e.g. Olneya tesota, Larrea), and does 
not change shape under high temperature or humidity. 
Today, it is cut ever so small and converted into woodcarv- 
ings of small churches, ashtrays, and other trinkets for sale 
to tourists, with the predictable result that "artificial nega- 
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Fruit of Skytanthus acutus, the "full curl" giving rise to 
the name Cuerno de Cabra. 

tive selection" is in full swing in the remaining wild popu- 
lations. 

Horticulture and conservation. Guayacán is a majestic, 
if diminuitive, aristocrat of the New World arid regions. If 
properly grown, it has great charm and beauty, and should 
be considered for planting in focal points of desert gardens. 
A few trees are to be found in parks and gardens in northern 
Chile and sparingly in botanical gardens elsewhere. Sadly, 
nothing at all is being done to study, cultivate or preserve 
Porlieria chilensis on a more secure basis. 

7. Schinus molle L. (Anacardiaceae) ( MOLLE) 

Botany. Molle is a large evergreen tree attaining 15 m in 
height, whose graceful, weeping branches provide abun- 
dant shade in very hot, dry regions. The bark is thick and 
crenelated; the long, pinnate leaves are shiny and highly re- 
sinous. Small white, actinomorphic flowers are borne in 
open panicles, and produce large quantities of small red, 
capsular fruits. 

Distribution. Molle is ubiquitous in northern Chile, 
Peru, Bolivia, northern and central Argentina, and most of 
Paraguay. It is probably the most widespread tree in extra - 
tropical South America. It was carried to Mexico by the 
early 1540s and from there to southern California (Kramer, 
1957). It was introduced to warm, dry temperate and tropi- 
cal regions throughout the world, where it is widely 
planted, and often escapes from cultivation. In southern 
South America, and particularly in northern Chile, it is 
hard to avoid the conclusion that the great abundance of 
Molle may be the indirect result of artificial negative selec- 
tion operating at the ecosystem level. That is, the removal 
of more useful species (Prosopis, Acacia, Porlieria, etc.) left 
open niches available for invasion by Molle. Thus, this 
species may be a relative newcomer to northern Chile. Its 
numerous uses for man lead to the thought that it may 
even have been intentionally introduced in pre- Hispanic 
times from Peru or the eastern side of the Andes. 

Uses. In Peru, three parts of the Molle are put to use: the 
fruits are used to make wine or fermented syrup or vinegar; 
the sticky sap of the trunk is placed on wounds as a protec- 
tive (and antiseptic ?) sealant, and also yields appreciable 
quantities of tannin; the leaves give a color -fast yellow dye 
(Kramer, 1957). Its wood is of very low value as fuel. Else- 
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A heavily molested individual of Guayacán (Porlieria 
chilensis), 0.7m tall, a victim of artificial negative 
selection. 

where, including Chile, Molle is now used only as a park 
and street tree, although formerly some of the above -men- 
tioned uses were also common (Latcham, 1936). As an or- 
namental, it apparently grows best in dry Mediterranean - 
type climate regions, but in Africa, India, Australia and 
throughout the Americas, is occasionally grown as a shade 
treéin very hot desert areas as well. In Tucson, Arizona, for 
example, it is a popular landscape subject but is subject to 
Texas root rot (R.S. Felger, pers. comm.). 

8. Copiapoa hypogaea F. Ritter; C. cinerea (Phil.) Br. & 
Rose var. columna -alba F. Ritter (Cactaceae) ( "SOIL CACTI ") 

Botany and Distribution. Copiapoa is an endemic genus 
of the Ilnd and IIIrd regions of northern Chile, and bears the 
name of one of the principal towns in the region. Of some 
forty, ill- defined species, several are ground -hugging or 
partly subterranean, and others reach half a meter in 
height. All appear to form colonies of 1 -1.5 m in diameter 
and bear their flowers on stem apices (Muñoz Schick, 1985). 

Ecology and Conservation Status. Presumably in an at- 
tempt to escape predation by herbivores, as well as to make 
best use of ground -hugging humidity, certain Atacaman 
cacti are partly subterranean. Weisser (1967) called them 
"soil cacti." The best example of these is Copiapoa hypo - 
gaea, which barely reaches 5 cm in height above -ground 
but has disproportionately large underground stems. These 
camouflaged sources of water are much sought -after by 

Guanacos in the coastal Parque Nacional Pan de Azucar 
(Fig. 1), where more than 200 of these animals are protected, 
but not provided with adequate forage. Accordingly, this 
highly specialized cactus is in danger of extinction, and 
some efforts are underway to propagate it and increase the 
size of natural populations (F. Rodriguez, pers. comm.). Al- 
ternative feeding programs for the Guanacos should surely 
be studied as well. 

Somewhat larger, and considerably more abundant, 
Copiapoa cinerea var. columna -alba forms large, nearly 
monotypic stands about 50 cm tall, at certain points near 
the coast, e.g. above Taltal (see photo in Rauh 1985:251). 
Additional examples of soil cacti are found in Peru (e.g. 
Pygmaeocereus rowleyanus Backeb.), and in Chile to 30 °S 
(e.g. Neochilenia spp. in the thelocephala group and Pyrrho- 
cactus in part) (Weisser, 1967; Rauh, 1985; L. Faundez, pers. 
comm.). 

9. Eulychnia acida Phil. (Cactaceae) (COPAO) 
Botany. This branching columnar cactus attains 5 m in 

height, and once mature, produces a variable number of 
long white flowers (5 -10 cm) each year. Fruits are green 
outside, ripening to rose, and similar in size and shape to 
fruits of Opuntia ficus -indica L., but without glochids. In- 
side they have a viscous, opaque pulp and tiny black seeds. 
The three named varieties differ both morphologically and 
geographically, but produce similar fruit. 
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Distribution. Eulychnia acida var. acida is widespread 
from the Choapa valley to Quebrada Los Choros (IVth 
region). Going north, var. procumbens is found from 
Domeyko to the Valle de Huasco (IIIrd Region), and var. 
elata occurs from the Valle del Huasco north to the Valle de 
Copiapo (L. Faundez, pers. comm.). Generally found on dry 
slopes and hillsides, these cacti are often mixed with Puya 
species, and sclerophyllous trees and shrubs. 

Uses. Copao fruits have a pleasant acid flavor, but are not 
quite as good- tasting as the Mexican Stenocereus and 
Lemaireocereus or the various Trichocereus of South 
America (see below). Noteworthy for their appearance in 
midsummer, Copao fruits are locally very popular and find 
their way into village markets (Ortiz, 1969). A related 
species, E. castanea Phil. also produces edible fruits with a 
very sour flavor, often used in alcoholic drinks (L. Faundez, 
pers. comm.). Unlike E. acida, however, E. castanea bears 
spines on its fruits. (Numerous native species of Opuntia 
also offer midsummer fruits in northern Chile, but they are 
of very low quality.) 

The viscous juice of Copao fruits is also used as a sham- 
poo, and the dried branches ( "ribs ") are cut for fencing and 
boundary- markers, as well as used in furniture -making and 
the manufacture or ornamentation of numerous household 
items (L. Faundez, pers. comm.; pers. obs.). 

10. Trichocereus chilensis (Colla) Br. & Rose (GUILLAVE) 
and 
11. T. coquimbensis Br. & Rose ( QUISCO) (Cactaceae) 

Botany. These columnar cacti, attaining 1.5 -3 m tall, 
are among the most characteristic features of the arid re- 
gion of northern Chile. Individuals of T chilensis tend to 
be solitary and upright with relatively few side -branches, 
2 m tall or more. By contrast, T coquimbensis tends to 
form prostate or ascending, much -branched "colonies" no 
more than 1.5 m tall (R. Faundez, pers. comm.). Additional 
differences between the two species concern the configura- 
tion of central and marginal spines. The cream or pale 
yellow flowers of both species are solitary, 10 -18 cm long, 
and abundant between October and December. Guillave 
and Quisco fruits are ovoid, 6 -10 cm long, with no spines, 
or only very few spines in the axillary bracts next to the 
fruits. 

Distribution. Both species are fairly widespread in north- 
ern Chile, but never occur together. T coquimbensis tends 
to prefer the arid and hyperarid coastal strip of the IVth and 
Ilyd regions, while in the arid zone T chilensis occurs fur- 
ther inland, in slightly less arid habitats, up to about 1500 m 
above sea level. Six varieties of T chilensis are recognized, 
some of which occur on exposed slopes and other dry 
localities in the semiarid and even subhumid zones of cen- 
tral Chile (L. Faundez, pers. comm.). 

Uses. Guillave and Quisco fruits are somewhat smaller 
than Copao fruits, but sweeter, more pulpy, and more at- 
tractive (Ortiz, 1969; pers. obs.) With their copious pulp, 
low liquid content, and good flavor, they compare not un- 
favorably to some of the pitayas of Mexico and Central 
America (Felger and Moser, 1985). Fruits also appear in 
summer, especially November -December. T chilensis 
var. chilensis, and the closely related T skottsbergii Backeb., 
appear to have the largest cactus fruits in the Chilean flora 
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Trichocereus chilensis near San Pedro de Atacama. Photo 
by E. Le Floc'h. 
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Leafy branch and pendulous fruits of Algarobilla 
(Balsamocarpon brevifolium). 

Branches of Chañar (Geoffroaea decorticans) with drupe - 
like fruits. 

(L. Faundez, pers. comm.). One additional use is worth 
mentioning: skeletal wood (ribs) of both cacti was formerly 
used to make rafts, as testified by Geronimo de Bibar, com- 
panion of Pedro de Valdivia in Chile in the mid -16th cen- 
tury (Muñoz Schick, 1975). This wood, similar to that of 
Copao, is still much exploited today for lightweight house- 
hold uses such as ornamental fronting for low interior 
walls, light fixtures, and furniture. 

Turning to chemistry, N- methylated tyramines are 
found in many species of Trichocereus, which makes them 
extremely hallucinogenic, similar to peyote (Lophophora 
williamsii Coult.) (Mata and McLaughlin, 1976). The most 
famous species in the genus for its chemical properties is 
the "San Pedro," T pachanoi Br. & Rose, of Peru and 
Bolivia (Dobkin, 1968). Chilean species of Trichocereus 
have not as yet been tested for their chemical attributes. 

12. Browningia candelaris (Meyen) Br. & R. (Cactaceae) 
(SOBERBIO; CANDELABRA; CARDON) 

Botany. A striking columnar cactus attaining heights of 
5 m, Soberbio has an unusual architecture: the side 
branches are quite short compared to the main stem, and 
only start to appear - quite suddenly - some 2.5 -3 m 
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Superior trees of Espino (Acacia caven) left standing in a 
wheat field in central Chile. 

Prosopis alba in the Rio Loa Valley near Quillagua in an 
agro- silvo- pastoral system with alfalfa, maize, gourds and 
melons. 

above ground. The white or cream -colored flowers are re- 
placed by greenish -yellow fruits 6 -8 cm long and 4 -6 cm 
in diameter. The fruits are very sweet and juicy, with a 
large quantity of black seeds. Unfortunately, fruiting ap- 
pears to be very irregular (L. Faundez, pers. comm.) 

Distribution. Found only in harsh, bleak upland habitats 
in the valleys of northernmost Chile, where it is almost al- 
ways seen as widely separated individuals. It appears to 
prefer a certain elevation belt, approximately between 
1800 and 2800 meters above sea level. 

Uses. Soberbio would make a spectacular collector's 
item for desert gardens and cacti /succulent collections. It 
is apparently tolerant of very low winter and very high 
summer temperatures as well as long periods of drought. 
Fruits are locally eaten and are reportedly quite highly re- 
garded. 

13. Balsamocarpon brevifolium Clos ( = Caesalpinia bre- 
vifolia Baill.) (Leguminosae, Caesalpinoideae) (AL- 

GAROBILLA) 
Botany. A much -branched, prickly shrub to 1 -2 m with 

very reduced leaves. A monospecific genus, Algarobilla 



Aronson 

Eulychnia acida in habitat in northern Chile. 

was segregated from Caesalpinia by Clos, based on its uni- 
pinnate leaves (versus the bipinnate leaves found in the 
genus Caesalpinia). There may well be other cryptic differ- 
ences, but in the field this species resembles a typical 
Caesalpinia, albeit highly specialized for life in an extreme 
desert. (B. B. Simpson and G. P. Lewis are currently working 
on a thorough taxonomic revision of Neotropical Caesal- 
pinia). The pods of Algarobilla are 2 -4 cm long and re- 
markable for their extremely high tannin content. When 
crushed, they leave a striking granular, yellow dust. 

Ecology. When rains fail 5 -6 years in a row, as is not at 
all uncommon in the Atacama, pod production of Algaro- 
billa falls off (Echegoyen, 1923). Natural regeneration in 
situ has been further hampered in the past two centuries 
by excessive pod -collecting. Moreover, Chinchillas (Chin- 
chilla laniger) also take a heavy toll. Chinchillas appar- 
ently lived primarily on Algarobilla pods, and suffered badly 
when these were heavily collected in the last century 
(Echegoyen, loc. cit.). 

Distribution. This species is endemic to the north- 
ernmost, arid provinces of Chile, between 27° 40' and 30° 
00'S in a belt about 100 km wide and 260 km long. Al- 
garobilla generally occurs gregariously in large isolated 
patches, and otherwise is found only very sparsely. It oc- 
curs from sea level to about 2000 m, but is most abundant 
some 20 -50 km inland, on high plains at 300 -800 m 
where there are occasional light rains. 

Uses. As a tanning material, Algarobilla is similar to 
"Divi -divi" (Caesalpinia coriaria (Jacq.) Willd.), which is 
widely cultivated in India, but is less prone to cause discol- 
oration of leather. B. brevi f olia also has the advantage of 
giving greater firmness to the leather (Howe, 1953). Tannin 
content of fresh or dry pods is 45 -50 %, easily extracted, 
and is sometimes used locally as a dyeing agent (Garmen- 
dia, 1968). For these reasons, from the mid -19th century 
until just before World War I, the pods were extensively 
collected from wild populations by local people and ex- 
ported at rates of ca. 2000 -4000 tons /year (Echegoyen, 
1923; Howe, 1953). In 1905, more than 6000 tons were ex- 
ported with a value of $US 1,000,000 at 1905 value 
(Echegoyen, 1.c.). Prior to World War II, most of the pod har- 
vest went to Germany; afterwards most were exported to 
the USA. Today, Algarobilla pods are left to dry in the sun, 
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Fruit of Copao (Eulychnia acida). 

as the going price is only $0.1 kg -1. Various native rodents 
(Akadon, Notiomys, Oryzomis, Spalocopus) and the few 
remaining Chinchilla eat most of the pods. 

Hors de propos, it is sad to note that the few remaining 
wild Chinchillas in Chile are being hunted out of existence 
for their pelts, despite the fact that domestic Chinchilla 
farming, in the USA and elsewhere, has proven profitable. 
In 1910, some 56,000 wild- harvested pelts were exported 
from the region (Echegoyen, 1923). Today there are proba- 
bly no more than 500 wild animals left in Chile. In a better 
world, where agroecological diversity were a priority for 
arid regions (see Felger and Nabhan, 1978) combined Alga - 
robilla and Chinchilla farming operations would surely be 
underway, if not in the Atacama, then elsewhere, in arid or 
semiarid regions. Echegoyen (l.c.) envisioned such a 
scheme for northern Chile 65 years ago, combined with 
camelid (Llama, Alpaca) husbandry. Today that vision 
seems further from realization than ever before. 

Horticulture. In the days when commercial plantation of 
Algarobilla (for the tannin, not Chinchilla food) were en- 
visioned, technical problems were encountered. Experi- 
mental cultivation was undertaken as early as 1875, in 
Australia, South Africa, India and the West Indies, with Al- 
garobilla seeds supplied by the Royal Botanic Gardens, 
Kew. In the early part of the 20th century, seeds were dis- 
patched again to East Africa, Cyprus, and several other 
countries. Curiously, cultivation was never successfully 
achieved in any of these areas, nor even in northern Chile 
itself (Echegoyen, 1923; Howe, 1953). Yet Algarobilla seeds 
germinate readily after scarification and grow well, if 
slowly, in an outdoor nursery (Aronson, unpublished data). 
If not for commercial purposes then, at least for desert gar- 
dening, the Algarobilla should be looked at again: it has 
strikingly unusual architecture, attractivé flowers, and 
sublimely bizarre fruits. Moreover, it would probably 
make an excellent desert bonsai plant, although many 
woody desert legumes do not thrive when grown in con- 
tainers (R. S. Felger, pers. comm.). 

14. Caesalpinia spinosa (Mol.)Ktze. (Leguminosae, Cae - 
salpinoideae) (syn. Caesalpinia tinctoria, C. pectinata, 
C. tara) (TARA; Chile, Peru; GUARANGO, Ecuador and 
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Fresh and dry fruits of Balsamocarpon brevifolium with 
seeds and tannin crystals which comprise 40 -50% of the 
dry weight. 

Colombia). 
Botany. Tara is a fast -growing, somewhat thorny tree, 2- 

6 m in height, depending on the amount of soil moisture 
available, and possibly, low temperature extremes. In gen- 
eral, it appears to be a phreatophyte. Many ecomorphs are 
known, with variation in leaf size, degree of spininess, and 
size as well as color of pods and seeds. The pinnate leaves 
bear five pairs of pinnae, each leaflet being as long as 5 cm. 
Attractive yellow flowers are borne in dense, terminal 
racemes, to 30 cm long, and the dry, indehiscent pods are 
generally 10 -15 cm long and 2 -4 cm wide. These pods are 
broad and rather flat, reddish -brown in color, and quite 
brittle, with 2 -4 ( -7) dark brown seeds per pod. 

Distribution. From the northern tip of Chile, this spe- 
cies ranges northward along the Pacific coast of South 
America to northern Ecuador, as well as occuring in inter - 
montane valleys to 3000 m in Colombia, Venezulela and 
central Bolivia. Due to over -exploitation, the very few wild 
trees left in Chile are mostly confined in the subtropical 
river valleys in the Ist region. 

Uses. Tannin extracted from dried Tara pods is of similar 
quality to that of Algarobilla (Balsamocarpon brevifolium) 
and Divi -divi (C. coriaria). Tara pods have been exported 
from Lima for tanning material since the early 1700s. Re- 
ported figures for tannin content of Tara pods are 35 -55% 
(Howe, 1953), and it is mainly used for tanning light 
leather. During World War II, when the USA was deprived 

of its usual sources of sumac and other similar tannins, 
Tara pod export from Peru soared to around 2,000 tons per 
year. Given that worldwide demand of tannin increases 
steadily, this abundant and renewable source of high - 
quality tannin should not be neglected. 

Locally, Tara pods are used on a small scale for the man- 
ufacture of dye and ink, and the tree is often cut for fire- 
wood. Tara is occasionally planted as a hedge in Peru and 
other countries. However, its horticultural potential 
seems far more significant. A fast -growing, highly orna- 
mental tree, with pleasing glossy foliage similar to that of 
the Carob, Tara has been occasionally cultivated as an or- 
namental outside its natural range since the early 1800s 
(Howe, 1953). It should be extensively employed in desert 
and subtropical gardens and parks. Moreover, it probably is 
resistant to at least some frost. 

15. Acacia caven (Mol.) Mol. (Leguminosae, Mimosoideae) 
( ESPINO, ESPINILLO, AROMITO, CHURQUI; fruit: QUIRINCA) 

Botany. A small spreading tree bearing highly fragrant, 
yellow flowers on sessile or stipulate heads. Flowering 
occurs prior to the leaves in the early spring, A. caven is 
closely related to the pantropical weed tree Acacia farne- 
siana (L.) Willd. Its complex pollen grains, indehiscent, 

Continued 
on page 79 
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Chañar (Geoffroaea decorticans) under extreme desert 
conditions in northern Chile with goats thriving on the 
fruits. 
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polyseriate pods and rigid stipular spines make Espino one 
of the most advanced members of the Mimosoideae (sub- 
section Polyseriae, subgenus Acacia Vassal ( = series Gum - 
miferae Bentham) (Elias, 1981; Aronson, in prep. a). 

Although usually seen in Chile as a small tree 2 -4 m 
tall, or frequently cut shrub 1 -2 m tall, it can nevertheless 
attain a height of 8 -10 m. Here again, artificial negative 
selection is probably to blame for the low value of most ex- 
tant individuals in Chile. There remains, however, a large 
amount of genetic variability in A. caven, as reflected by 
the existence of at least six varieties, distinguished on the 
basis of diverse pod morphology, and secondarily, geog- 
raphy (Cialdella, 1984); Aronson, in prep.a). Only one of 
these (var. caven Mol.) occurs in Chile (Ovalle et al., in 
review; Aronson, in prep. b). 

Distribution. Following the Peruvian pepper tree, 
Schinus molle L., Espino is apparently the second most 
widespread tree species in extra -tropical South America, 
and occurs from latitude 23° to 36 °S, and sea level to 3200 m 
elevation (Aronson and Del Pozo, in prep.). Espino occurs 
in Chile, as elsewhere in southern South America, in an- 
thropogenic habitats near towns and cities, e.g. abandoned 
fields and cattle pastures. In this, Espino bears comparison 
to some related species of Acacia and the Mesquites, Pro - 
sopis glandulosa, P. juliflora of North and Central America, 
and several other Prosopis species of northern Argentina 
(Rzedowski & Calderon de Rzedowski 1988; Morello 1969; 

Morello, Crudelli & Saraceno 1971). In subhumid, central 
Chile, between 32° and 36 °S, where it forms nearly pure 
stands, it is associated with over two hundred adventitious 
annuals, most of which originate in the Mediterranean 
Basin. Together with these annuals, a few remaining native 
perennial grasses, Espino forms a kind of "pseudo- savanna" 
(Ovalle and Avendaño, 1987; Fuentes, Crudelli and Seguro, 
1989; Ovalle et al., in review). However, in the northern 
part of Chile, in the Valle del Elqui (30 °S), and, sporadi- 
cally, as far north as Copiapo (27 °S), Espino occurs; its rare- 
ness in the desert region is no doubt due, in part, to over- 
harvesting by people and not just aridity per se. 

Uses. Apart from its nuisance value as an invasive weed, 
A. caven is a very important element in a variety of silvo- 
pastoral and agrosilvopastoral systems in central Chile. 
Thanks to its nitrogen- fixing capacity, and to its phenology 
being out -of -synch with that of the annual grasses and 
herbs with which it occurs, Espino has a positive effects on 
pasture (Ovalle, 1986; Ovalle and Avendaño, 1987), and 
yields valuable fuelwood as well (specific gravity = 0.80- 
0.98 (Tortorelli, 1956) calorific value: 3.2 -4.5 kcal /kg 
(Prado et al., 1988). A multidisciplinary program is cur- 
rently underway to select elite germplasm for reforestation 
and agro- ecological rehabilitation efforts in the estimated 
2.0 -2.5 million hectares covered by Espino in central 
Chile (Ovalle et al. in review). 

13. Geoffroea decorticans (Gill. ex Hook. et Arn. ) Burkart. 
(syn. Gourliera decorticans Gill. ex Hook. et Arn. (Legumi- 
nosae, Papilionoideae) (CHAÑAR) 
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Botany. Chañar is a small phreatophytic tree to 6 -7 m 
tall, with more or less spiny branches, deciduous pinnate 
leaves, and pale yellow flowers. Starting at about age 15- 
20 years, the grey -brown bark of Chañar starts to peel in 
large sheets to reveal a distinctive green underbark, remi- 
niscent of the color of Palo Verde trees (Cercidium). The 
edible fruits of Chañar are ovoid or globose drupes ca. 1.5- 
3 cm long, with a glabrous, brown pericarp, and cream - 
colored mesocarp around a hard, single white kernel (en- 
docarp plus seed). The huge, and nearly spineless var. sub - 

tropicalis (Lillo) Burk. is reported from the region of the 
Rio Pilcomayo in northeastern Argentina, bordering Para- 
guay. Trees of this variety reach 12 -18 m in height, and 
form nearly impenetrable thickets. It is not clear whether 
or not this ecotype represents a distinct genetic entity. 
Two other species of Geoffroea are recognized, both oc- 
curring in subtropical forests or savannas of northern 
South America (Burkart, 1949). These two species, with 
larger leaves and more tropical distribution, would appear 
to be ancestral in their phylogenetic relationships with P. 
decorticans. 

Distribution. In northern Chile, Chañar ranges from the 
Valle del Elqui (30° S) northward to the Peruvian border. It 
is also widely distributed in much of northern and central 
Argentina, and is found sporadically in southern Peru, 
southern Bolivia, and central Paraguay (Burkart, 1949; 
Cabrera and Willinck, 1973). This area of distribution, out- 
side of Chile, corresponds roughly to the biogeographical 
province known as the Gran Chaco (Cabrera and Willinck, 
1973). Chañar tends to occur in areas with a high water 
table or near permanent watercourses. 

Uses. Like Acacia caven, Chañar is basically a weed tree 
with many uses. In desert areas it is appreciated primarily 
for the dense shade it provides and abundant animal fodder 
in the form of sweet, long -lasting fruits. The wood is light 
and pliable, yet quite strong, with an attractive yellow 
color; it is useful for carpentry and furniture making. In 
Chile, it is difficult to find large trunked trees, and Chañar 
is most commonly used as fuel. Specific gravity of the 
wood ranges from 0.58 -0.70 (Tortorelli, 1956; Campora, 
1913). 

The fodder value of Chañar is perhaps its most important 
attribute in the desert. Goats eat the fruits avidly and 
fatten on them. Moreover, mature trees produce fruits 
during nearly six months of the year; under wild -grazing 
conditions, this is a large advantage. In contrast, most 
species of Acacia and Prosopis ripen their fruits simultane- 
ously. Thus a certain portion of each fruit crop of these 
trees typically rots before livestock can consume it. As a 
phreatophyte, Chañar is also fairly independent of annual 
rains for production of fruits and produces well virtually 
every year. This is again a distinct advantage over most des- 
ert- dwelling trees, e.g. Acacia and Prosopis, most of which 
tend to have "mast" years of high production followed 
by one or more years of very low fruit production. Goats 
also avidly eat the branches, leaves and bark of Chañar. In 
parts of the Atacama, Chañar fruit is stored and fed to pigs 
(Wickens, unpubl. ms; pers. obs.). 

Apart from goats and other livestock, Chañar fruits are 
used directly by people (Ortiz, 1969). The fruits, eaten 
fresh, have an enjoyable sweet, gingerbread -like flavor and 
date -like texture. It is an excellent high -energy pack -food, 

which dries naturally and keeps for long periods without 
rotting or spoiling. With age, however, Chañar fruits tend to 
dry out and lose their flavor. An alternative form of storage 
and use was developed. After boiling in water for a few 
days, the dried fruits are allowed to ferment, in order to 
make a powerful beverage called. "aloja." The preparation 
of aloja has a long history in Chile (Latchma, 1936), and 
perhaps even longer in northern Argentina, and is still 
popular in both countries (Wickens, unpubl. ms.; pers. 
obs.). In addition, a black, syrupy beverage is distilled from 
"aloja" to make "arrope" which is still more powerful in 
flavor, and to which medicinal properties (anti- asthmatic, 
chest decongestant) are attributed (Campora, 1913; Latcham, 
1936). Given its concentrated syrup -like nature, arrope, and 
to a lesser extent, aloja, are easily transported. They are thus 
highly suitable for use by nomadic peoples in arid regions. 

Chañar -based aloja was historically the major alcoholic 
beverage in the Chaco region, even more so than a similar 
beverage, also called aloja, made from the fruits of Prosopis 
alba, P. nigra (Campora, 1913) (see below). Both as pack 
food for man and animals, and as the base of aloja and 
arope, Chañar was probably carried into northern Chile 
from Argentina early in human history and repeatedly re- 
introduced in all different forms. From the ethnobotanical 
point of view, and in regards its modes of seed dispersal and 
biogeographic distribution pattern (oases and river valleys 
of hot, arid regions), Chañar is something of a New World 
equivalent to the Date Palm (Phoenix dactylifera L.) of the 
Middle East. One important difference, however, is that 
Chañar has deep -penetrating roots which allow it to tap 
low -lying water tables which would be out -of -reach for the 
shallow roots of the Date Palm. 

Horticultural considerations. Chañar seeds are not easy 
to germinate, and pre- sowing treatment of seeds by manual 
chipping and incubation (3 -4 days at 25° C) is recom- 
mended. However, once established in a suitable site, it 
can be dangerously invasive. In warm areas where water is 
plentiful, e.g. in the oasis of San Pedro de Atacama, and 
around the border city of Arica, Chañar grows rapidly and 
often becomes weedy by underground runners. Caution is 
advised when planting it near nurseries or gardens. Moder- 
ately cold tolerant, Chañar grows well in Tucson, Arizona 
but doesn't produce fruit there (M. Dimmitt pers. comm.). 
The putative var. subtropicalis Burk. has apparently not 
been brought into cultivation, but given its large size, it 
might have special value. 

17. Prosopis strombulifera (Lam.) Benth. (Leguminosae: 
Mimosoideae) (RETORTON; RETORTUÑO, CUTI CUTI) 

Botany. This is a spiny subshrub, 0.2 -1.5 m high, with 
long underground runners. It often creates small thickets 
of pure stands, particularly in saline soils. The yellow flow- 
ers are borne on small, spherical heads (not spikes as in 
most arboreal Prosopis). The tightly coiled fruits are also 
yellow and highly variable in size. 

Distribution. Widely distributed in arid and especially 
saline areas of central and northern Argentina, P. strom- 
bulifera is also found sporadically in various parts of north- 
ern Chile, especially in the Pampa del Tamarugal, and the 
Copiapo and Huasco river valleys. This disjunct distribu- 
tion becomes intriguing when it is learned that the species 
was reportedly cultivated in central Chile during Colonial 
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Fruits of Prosopis strombulifera. a) var. ruiziana, 
apparently selected for large size. b) typical wild type. 

times (Gay, 1846). 
Uses. The fruit, and nothing much else, of Retorton is of 

great charm, reminiscent of the similarly ornamental pods 
of Prosopis pubescens Benth. of southwestern North 
America. It is popular for use as ornaments on necklaces 
and the like. In February 1989, I saw large bags of fruits for 
sale in the markets of Juliaca, Peru and La Paz, Bolivia 
under the names "Barbalso," "Cuti Cuti," or "Cuti Huanita." 
According to herb -sellers there, it is used as an ornament 
by Quechua and Aymara women and children, but also by 
professional "brujos" as a remedy for various ailments, 
which include toothache and gum sores. Upon enquiry, I 

learned that "Cuti" means "turn back" in Aymara, and 
Cuti Cuti fruits are in fact used to ward off bad spirits that 
are thought to cause muscle paralysis in the face or other 
parts of the body. This ritual use of the fruits, conforming 
to the ancient herbalists "law of signatures," may explain 
the 19th century usage for a "toothache remedy," reported 
by European travellers in Argentina and Chile, e.g. Bertero 
(1826, cited in Burkart, 1976) and Gay (1846). 

In this light, it is fascinating to note a large -fruited vari- 
ety of Cuti Cuti, to which Burkart (1976) assigned the 
name var. ruiziana in honor of the Mendoza -based ethno- 
botanist Adrian Ruiz Leal who discovered it. This variety, 
with fruits 6 -7 cm long and 1.3 -1.4 cm wide, i.e. nearly 
twice as large as var. strombulifera fruits, and as many as 
21 legumes per cluster, was apparently selected intention- 
ally in western Argentina (Burkart, 1976). It would not be 

surprising if this were in fact the variety formerly culti- 
vated in central Chile, though the wild growing popula- 
tions I observed in the Pampa del Tamarugal were clearly of 
the typical, small- fruited variety. 

18. Prosopis burkartii Muñoz (Leguminosae: Mimosoideae) 
(ALGARROBO) 

Botany and Phylogeny. In the same section Strombocar- 
pae as P. strombulifera, this northern Chilean endemic is a 

sprawling, intricately -branched shrub 0.5. to 1.5 m tall. 
This "species" is of interest for its putative origin from 
natural hybridization of Prosopis tamarugo X P. strom- 
bulifera (Muñoz Pizarro 1971; Burkart 1976). The hypoth- 
esis of such a hybrid origin is parallel to that proposed by 
Burkart (op. cit.) for P. koelziana Burk., which occurs, very 
sparingly, in Iran, Yemen, and Saudi Arabia (Léonard 1986), 
and which may have arisen from natural hybridization be- 
tween P. cineraria (a tree as large as P. tamarugo, see below) 
and P. farcta, a low- growing, weedy pest, similar to P. 

strombulifera (Burkart 1976). 
Distribution. Currently known only from its type local- 

ity at La Guiaca, in the Pampa del Tamarugal, where less 
than a dozen plants occur on saline soil, this "species" may 
have been much more common prior to the mass destruc- 
tion of woody plants which took place over the past cen- 
tury in northern Chile. Additionally, other populations 
may occur which have not yet been discovered. 
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Uses. P. burkartii, like other low- growing legume shrubs 
and trees, could be useful in sand -dune stabilization and /or 
in saline -water based agriculture. Four other Prosopis 
species also occur in Chile, two of which will be discussed 
at length below. The last two, intermediate in size between 
P. burkartii and P. tamarugo, will be briefly described here. 
These are P. chilensis (Mol.) Stuntz emend. Burk. and P. 
flexuosa DC., both in Series Chilenses of Section Algarobia, 
and widely known in South America as algarrobo, the 
South American equivalent of the North American term, 
mesquite. Both are also of major economic interest and 
considerable importance in local history. 

Prosopis chilensis, widespread in northern Chile, west- 
ern Argentina, and southern Peru, tends to occur in upland 
precordillera sites from ca. 500 to 3000 m elevation. In the 
IInd, IIIrd, IVth and Vth regions of Chile, it can become a 
large tree, but is most often seen as a forlorn, multi- stemmed 
shrub, subject to repeated cutting for firewood. The second 
species, Prosopis flexuosa, occurs in the most arid part of 
Chile, in the Ist and IInd regions, as well as in western 
Argentina, where it is considered a typical desert or Monte 
tree, associated with Larrea species and various cacti along 
dry rivers (Cabrera and Willinck, 1973). Both species are 
important for shade, firewood, and fodder, but occasionally 
escape cultivation to become pests, e.g. in the Caribbean 
region (Standley, 1937) and Hawaii (Hosaka, 1954). 

19. Prosopis tamarugo F. Phil (Leguminosae: Mimosoideae) 
(TAMARUGO) 

Botany. A highly distinctive tree some 10 m tall, 
Tamarugo occasionally reaches 18 m when fully -grown. 
The branches descend nearly to the ground on all sides, re- 
sulting in a "weeping willow" appearance, desert -style. 
Leaves of the Tamarugo are highly reduced, with a single 
pair of pinnae 3 -4 cm long. Tamarugo is a very unpleasant 
plant to handle close -up, thanks to its multitudinous 
dagger -like, stipular spines 3 -5 cm long, borne in pairs. 
Bright yellow flowers are borne on axillary spikes 3 -6 cm 
long, as in most Prosopis species. Tamarugo pods, how- 
ever, are quite small compared to most arborescent 
Prosopis. Straw -colored or brown, cylindric- tortuous, the 
pods typically bear 3 -6 dark brown seeds in a matrix of dry 
pulp. 

Tamarugo is, botanically, very similar to P. ferox Griseb. 
(Churqui) which occurs as a shrub or small tree at mid- to 
relatively high altitudes (ca. 1500 -3700 m) on the eastern 
side of the Cordillera de los Andes in southern Bolivia and 
the northwest corner of Argentina (Jujuy province). The 
two species differ primarily in the construction of their 
pods and in their contrasted geography, but Burkart (1976) 
isolated them in a separate section of the genus. 

Phylogeny and Biogeography. The endemic situation of 
Prosopis tamarugo (and P. burkartii) in northern Chile 
points to the great antiquity of the genus or subgenus in this 
desert area. The presence of the endemic Caesalpinia- 
offshoot, Balsamocarpon brevifolium is analogous. By 
contrast, both Acacia caven and Geoffroea decorticans 
show no genetic differentiation whatsoever, in Chile, from 
the numerous populations of each on the eastern side of the 
Andes. Accordingly, these two taxa may be presumed - 
pending fossil pollen records to the contrary - to be more 
recent arrivals than Prosopis or Caesalpinia in Chile. 

Distribution. Only 23 ha of natural Tamarugo stands re- 
main in the Pampa del Tamarugal in the IInd Region. All 
other natural populations have been destroyed. However, 
some 35,000 ha of plantations have been established since 
the beginning of the century, and small -scale planting con- 
tinues in a few portions of the former range of distribution, 
conducted both by government and private interests (NAS, 
1975; Habit, 1981). 

Uses. Tamarugo was much exploited for fuel and build- 
ing materials by nitrate -mining industrialists in the early 
1900s. A first plantation of 300 hectares was created in the 
1920s by a far -sighted industrialist to replace the nearly ex- 
tinct wild stands. In the early 1960s, CORFO, the state au- 
thority charged with rural development, began larger -scale 
plantations designed to support livestock in areas such as 
Salar Pintado, Huara, and Victoria. 

Readers may recall the relatively voluminous coverage 
given to Tamarugo in the international press during the 
late 1960s and 1970s (Kirby, 1972; NAS, 1975, 1980; Habit, 
1981; Steinan, 1985; Zelada, 1986). This enthusiasm was 
based in part on the now -refuted report of "reverse transpi- 
ration" in Tamarugo, which was alleged to explain in part 
the "miraculous" ability of this tree to live in a virtually 
rain -free desert (Sudzuki, 1969; Sudzuki et al., 1973). 

Officials had unduly great expectation, in northern 
Chile, of reaching carrying capacities of 10 -12 sheep per ha 
25 years after planting Tamarugo. In practise, carrying 
capacity achieved to date is less than 2 sheep per ha, with 
25 year -old trees. Although not bad at all, given the am- 
bient conditions, this lower- than -anticipated level of pro- 
ductivity has apparently discouraged the foresters, and 
planting has been suspended for the time being. In my 
opinion, the early publicity was premature and exaggerated 
and therefore detrimental to the long -term goal of develop- 
ment and breeding of desert -hardy trees and shrubs - yet 
another example of the over -eager search for a panacea, a 
miracle plant to "solve" desertification around the world. 

Horticultural considerations. Although it does tolerate 
extremely harsh ambient conditions of aridity and salinity, 
there still remains considerable question as to the quality 
(and source) of the water actually used by Tamarugo. As 
mentioned in the introduction, very occasional floods may 
play a crucial role in allowing the establishment of Tama - 
rugo seedlings, and the 8 -30 meter -deep water table in 
the Pampa del Tamarugal is apparently not highly saline. 
Moreover, Tamarugo is not really very fast -growing, com- 
pared to other useful nitrogen- fixing trees, including the 
closely related P. ferox (pace Burkart's prediction to the 
contrary (1976:469)), and is, regrettably, very spiny. It also 
has a bent -over, shrubby shape from the earliest stages of 
development, and frequent hand pruning is necessary to 
give it a more upright form. Nodulation in Tamarugo is rel- 
atively poor, which may explain in part why when planted 
in areas other than its home range, it seems to take years 
and years to reach even 1 m in height (Aronson, pers. obs. 
and unpublished data). 

The above -mentioned drawbacks notwithstanding, 
Tamarugo pods do show good feed characteristics (Pak et 
al., 1977) and in certain areas, continued experimental in- 
troductions is clearly warranted, particularly if accom- 
panied by the planting of faster -growing, larger -yielding 
species such as P. alba, P. nigra and others. 
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Tamarugo (Prosopis tamarugo) in the Pampa del 
Tamarugal, showing the typical weeping habit. 

20. Prosopis alba Griseb. (Leguminosae: Mimosoideae) 
(ALGARROBO BLANCO; IGOPE or IBOPE -PARA) (Guarani) 

Botany. A rounded tree 5 -15 m, occasionally to 25 m, 
tall, with trunk diameter of 1 m or more, P. alba shows a 
broad hemisphaerical crown, which is rather unusual for 
the genus. Leaves are also relatively large for the genus, but 
fine and fragile; uni- to tri- jugate, glabrous, each pinna typ- 
ically 8 -12 cm long, with 25 -35 pairs of leaflets. Spines 
are scarce and small on mature trees; on much herbarium 
material, they are absent altogether. In cultivation, how- 
ever, young trees bear many fierce spines. Yellow flowers 
borne on spikelike racemes 7 -11 cm long, as in all species 
in the Section Algarobia Burkart. The straw -colored 
legume of P. alba is falcate or partially coiled, 15 -20 cm 
long. 

Two varieties of P. alba were recognized by Grisebach 
(and maintained by Burkart (1976) and Palacios (1988)): var. 
alba and var. panta. The latter is distinguished by its 
straight, fat pods. According to Burkart (1976:521): the 
legumes of var. panta are up to 30 cm long, broad, fleshy, 
sweet, and "of the best kind for food or forage." 

Distribution. Widespread in the plains of northern 
Argentina, southern Bolivia, Peru, Paraguay, and formerly 
found in Uruguay (Burkart, 1976; Palacios, 1988), the only 
place P. alba is found in abundance in Chile is San Pedro de 
Atacama, where it was almost certainly introduced and 
cultivated in pre- Conquest times (R. Palacios, pers. comm.). 
This tree is thus the biggest and overall the most valuable 

of the twently species discussed here but, unlike P. tama- 
rugo, it is probably a relatively "recent" arrival in Chile. 

A large- fruited hybrid P. alba x P. flexuosa was appar- 
ently selected by the early inhabitants of San Pedro de 
Atacama (R. Palacios, pers. comm.). Like P. alba var. 
panta, this putative cultivar was probably used as an inte- 
gral element in an agrosilvo- pastoral system such as can 
still be seen today in a few isolated river valleys in northern 
Chile and on a somewhat more widespread basis in north- 
ern Argentina. 

Uses. If some debunking seems in order for the heavily 
publicized Tamarugo, not enough can be said in praise of P. 
alba. It was in connection with this species that Burkart 
(1976:522) wrote the following lines: 

In northeastern Argentina, native people frequently call 
it "el arbol," "the tree," because of its usefulness and abun- 
dance .... Trees with straight trunks 8 to 10 m tall occur, 
but these are becoming extremely rare, from being cut in 
preference to the other shorter ones. Thus a negative, artifi- 
cial selection is taking place which should be counteracted 
by genetic build -up of the best lines in experimental plots." 

Food as well as drink was provided by Prosopis alba, and 
abundant fodder for domestic beasts and wild animals in 
the Chaco, and wherever it was intentionally introduced. 
In northeastern Argentina, P. alba was called "el arbol" be- 
cause it provided both food ( "patay ") and drink for man 
(añapa and aloja (fermented)) (Escudero et al., 1943). There 
seems little doubt that pods were regularly carried in cara- 
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Fruits of Prosopis alba (a) and P. tamarugo (b). 

vans crossing the Andes (Saravia Toledo, pers. comm.; J. 

Morello, pers. comm.). 
The lumber of Prosopis alba was also very important for 

construction. With its high specific gravity (0.75 -0.85) and 
resistance to heat and humidity, this is one of the most 
used woods in extra -tropical South America (Tortorelli, 
1956). It makes excellent combustible fuel (Tortorelli, 1941; 
Burkart, 1976), for which reason it is increasingly scarce in 
its area of natural distribution. In particular, the panta var- 
iety, formerly predominant in parts of NW Argentina, 
southern Bolivia, and eastern Paraguay, is now in serious 
danger of genetic erosion. On the other hand, some small - 
scale planting of P. alba was undertaken in the 1930's in 
Argentina, mostly for windbreaks, roadside and other 
amenity plantings (Castañeda, 1941). 

Much more could and should be done with this species, 
however, especially var. panta, as it appears to be one of the 
best candidates for reforestation and ecological rehabilita- 
tion projects in arid and semiarid regions, the world over. 
As Felger (1977), Felker (1979), the National Academy of 
Sciences (1980), the FAO and IBPGR (1980) and many 
others have urged, greater research and development is re- 
quired on this and related species of similar value. 

Discussion and Conclusions. 
Despite the extremely dry climate, there are numerous 

indications that trees were much more plentiful in north- 
ern Chile in the past, mainly along water courses and in de- 
pressions with high (sometimes saline) water tables. These 
trees and woody shrubs were devastated in large numbers 
during the 19th century and early part of this century for 
fuel and timber for mining concerns. With the exception of 
Prosopis tamarugo, emphasis in replanting is on exotic 
species. Yet as I have tried to show, a number of valuable 
native species are worthy of greater attention, both in 
northern Chile and other arid regions as well. 

As suggested above, reasonable doubt exists as to the an- 
tiquity of certain useful tree and shrub species found in 
northern and central Chile, particulary among the legumes. 
It seems that a certain number of these were introduced 
casually or intentionally by people, during the last one to 
ten thousand years, from the eastern side of the Cordillera 
de los Andes. Intentional introductions may include 
Acacia caven, Geoffroea decorticans, Prosopis alba, P. 

strombulifera, P. chilensis, and P. flexuosa as well as 
Schinus molle (see Latcham, 1936). 

The usefulness of these plants suggests that intentional 
or casual introduction by caravan traders, animal herders, 
and agricultural settlers may have played a role in the 
plants' arrival in northern Chile. Moreover, there is evi- 
dence of a very long history of cultural contact between 
northern Chile and areas separated from it by formidable 
physical boundaries. When the early Spaniards first en- 
tered Chile from Argentina, they had guides from the pres- 
ent northwestern Argentinian provinces of Catamarca and 
Jujuy, who spoke the same language(s) as the inhabitants of 
northern Chile (Lothrop, 1946). The preeminent, pre -Inca 
tribe of northern Chile, the Diaguita, apparently entered 
the region from the east with an already well -developed 
culture (Tarrago, 1977). Their language was "Kakan," but 
showing ties to that of their contemporaries of the highland 
Tiahuanuco civilization in Bolivia. 

Another early tribe, known as the Atacameños, occupied 
the deserts of northern Chile for many centuries, but were 
conquered or displaced by the Diaguitas. The Atacameños 
spoke "Kunza" and were the principal traders and middle- 
men of the southern Andes (Bennett, 1946) Either the 
Atacameños or the Diaguitas could have been responsible 
for the (deliberate or inadvertent) introduction of seeds and 
pods from the east side of the Andes. 

Pottery remains also suggest close contact between 
north of Chile and northwestern Argentina (Tarrago, 1977) 
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and most scholars agree that caravans across those moun- 
tains must have carried large quantities of food, fodder, 
fruits, stimulants and drugs, especially via I Iumahna.ca 
Valley (Lehmann, 1982; Browman, 1984; Pollard, 19851. 

In former times, when recourse to outside resources was 
nonexistent, people in northern Chile, and in similar bio- 
geographical regions to the east and north, put a large 
number of desert plants to use. They also apparently 
selected superior varieties of some plants. Today, an oppo- 
site trend is underway, but there is no reason why this 
trend should go unchallenged. 
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