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Phytogeographical affinities and life form composition of the

Bolivian Prepuna

RAMIRO PABLO LOPEZ

&
STEPHAN BECK

ABSTRACT

LOPEZ, R. P. & S. BECK (2002). Phytogeographical affinities and life form composition of the
Bolivian Prepuna. Candollea 57: 77-96. In English, English and Spanish abstracts.

The Bolivian Prepuna is a summer-rain semidesert located in the Andes of southern Bolivia
(20-22°S, 2300-3300 m). This still not well known region is related to the Argentinean Prepuna;
nonetheless, it shows a peculiar flora with an important number of endemisms. This study gathers
all the available information on the Bolivian Prepuna's floristic composition and examines in
detail its types ofphytogeographical elements and life form spectrum. The phytogeographical
elements were considered at genus and species levels. Three hundred and twenty-four species were
recorded (two hundred and ninety-nine native). From the genus perspective, the Bolivian Prepuna
has a strong influence of dry, (sub)tropical elements, both from the American dry tropics and from
ancient pantropical elements originating principally in the Chaco region, and also of Andean
elements given its mountain character. Cosmopolitan genera are also conspicuous. According to its
species composition, the Prepuna mainly consists of a southern South American floristic stock
(almost three quarters of its elements), in which predominate species exclusive to the whole
Prepuna region (Argentinean and Bolivian) as well as Bolivian endemics (most of them exclusive to
the Bolivian Prepuna), almost 50% of the species belonging to these two categories. This underscores

the importance that this region has for conservation. Results of this study support the assertion

that in South America a discontinuity exists between a tropical dry flora (from central Peru to
Venezuela) and a subtropical-temperate one (the southern half of the continent). The life form
spectrum is dominated by phanerophytes (shrubs and small trees). Hemicryptophytes (perennial
herbs), succulents, and therophytes (annuals) are also important.

RESUMEN

LOPEZ, R. P. & S. BECK (2002). Afinidades fitogeogrâficas y composiciôn de formas vitales de
la Prepuna boliviana. Candollea 57: 77-96. En inglés, resumenes en inglés y en espanol.

La Prepuna boliviana es un semidesierto con lluvias estivales localizado en los Andes del sur de
Bolivia (20-22°S, 2300-3300 m) y relacionado con la Prepuna argentina; no obstante, muestra una
flora peculiar en la que resalta un importante numéro de endemismos. Por lo demâs, sigue siendo
poco conocida. Este estudio reune toda la informaciôn disponible en torno a la composiciôn floris-
tica de la Prepuna boliviana, y examina en detalle sus tipos de elementos fitogeogrâficos y espec-
tro de formas biolôgicas. Los elementos fitogeogrâficos se consideraron a nivel de géneros y espe-
cies. Se registran trescientos veinticuatro especies (doscientos noventa y nueve nativas). Desde la
perspectiva genérica, la Prepuna boliviana tiene una fuerte influencia de elementos de los (sub)trô-
picos secos, tanto de los trôpicos americanos como de elementos pantropicales ancianos, ambos
provenientes de El Chaco, y también de elementos andinos dado su carâcter montanoso. Asi-
mismo, son conspicuos los géneros cosmopolitas. En términos de especies, la Prepuna esta com-
puesta principalmente por un conjunto floristico del sur de Sudamérica (casi très cuartos de sus
elementos), donde resaltan especies exclusivas de toda la Prepuna (boliviana y argentina) asi como
endemismos bolivianos (la mayoria ademâs exclusivos de la Prepuna boliviana); casi 50% de
todas las especies pertenecen a estas dos categorias. Esto resalta la importancia de esta region
desde la perspectiva de la conservation. Los resultados de este estudio apoyan la afirmaciôn de
que en Sud América existe una division entre una flora seca tropical (norte de Sud América, desde
el centro de Peru hasta Venezuela) y otra subtropical-templada (en la mitad sur del continente). El
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espectro de formas biolôgicas esta dominado por fanerofitos (arbustos y pequenos ârboles); son
también importantes los hemicriptöfitos (hierbas perennes), suculentos y terofitos (anuales).

KEY-WORDS: Bolivian Prepuna - Summer-rain semidesert - Phytogeographic elements - Life
forms - Southern South American dry flora.

Introduction

The Bolivian Prepuna is an Andean hot semidesert located in southern Bolivia (20-22°S;
Fig. 1). It is the northern-most extension of the Argentinean Prepuna, an arid mountain ecosystem

related to the Monte Desert. The Bolivian Prepuna has been preliminarily characterized
climatically, vegetationally, and floristically in a recent work (LOPEZ, 2000).

Little is still known of this semidesert that is located at an altitude of 2300 to 3200-3300 m.
Climatically, the average annual temperatures range between 14 and 20°C, depending on altitude.
Temperature fluctuations between the coldest and wannest months are from 8 to 10°C. Maximum
temperatures in summer may attain 35-41°C. In winter, very cold temperatures can be reached
at night (-10°C and even lower), but, since there exists a great daily temperature variation (an

Fig. 1. - Approximate limits of the Bolivian Prepuna.
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average of 20°C, with maximum values that can exceed 30°C in winter), mild and even warm
temperatures are usual in the afternoon. The range of annual precipitation is from 200 to 370 mm.
Relative humidity is very low (annual mean usually < 50%). The vegetation consists of
open, thorn woodland or scrub in which Leguminosae (mainly mimosoids) and Cactaceae are
predominant.

Floristically, the Prepuna originated in the sub-tropical, dry Chaco forests of South America.

These two regions share many genera and even some species. However, as can be expected,
the Prepuna is also influenced by the overlying arid Puna region. Not much more is known
of this plant formation. More systematic and detailed work is thus needed. This study aims at
improving our knowledge of the Bolivian Prepuna's floristic composition and phytogeographical
relationships, as well as determining the contribution that different life forms make to its
vegetation. Besides the obvious biogeographic interest, this study also intends to show the importance
of the region from a conservation point of view as well as to make comparisons with neighboring

arid regions so as to better comprehend summer-rain deserts.

Methods

This study is inspired on a similar work carried out for the coastal desert of central Chile
(ARMESTO & VIDIELLA, 1993), but, additionally, a biogeographical analysis was done down
to species level. A species list was prepared that formed the base of the analysis; it was based on
LOPEZ (2000, and relevant references therein), on the authors' plant collections and field notes,
and on the plant collection of the Herbario Nacional de Bolivia. Nomenclature is based mainly
on ZULOAGA & MORRONE (1996, 1999), since there is no Bolivian plant catalogue to date.
However, there exist taxonomic revisions for some taxa, and these were considered in the
present study. For the Cactaceae, nomenclature follows KIESLING (1999 and pers. comm.) and
NAVARRO (1996); for Bromeliaceae, KRÖMER & al. (1999); for Gramineae, RENVOIZE
(1998). Names of species not found in Argentina and also that of Helogyne tacaquirensis are
based on BRAKO & ZARUCCHI (1993); that of Helogyne virgata follows KING & ROBINSON

(1987). Bougainvillea berberidifolia is based on HEIMERL (1930-1934); Abutilon fusci-
calyx, on ULBRICH (1932); Calandrinia punae, on ANON (1953); Nicotiana cutleri, on
D'ÄRCY (1976), and Iochroma cardenasiamtm, on HUNZIKER (1977). Agalinis tarijensis
follows CANNE-HILL1KER (1988); Baccharis santelicis, HELLW1G (1990); Aloysia arcuifolia,
NESOM (1991), and Acacia feddeana, SALDIAS (1993). Pteromonnina species names derive
from ERIKSEN (1993); Bulnesia rivas-martinezii, from NAVARRO (1994), and, finally, Polyle-
pis tomentella subsp. tomentella follows KESSLER (1995). The authors decided to keep Neo-
cracca as a distinct genus.

Table 1. - Phytogeographical elements (genera) recognized in this study.

Cosmopolitan (Cosm) Genera widely distributed in more than one continent, although not necessarily in
all five continents

Pantropical (Pantr) Genera common in the tropics and subtropics of at least two continents

Tropical American (TropAm) Genera distributed mainly in the tropics and subtropics of the American continent

Amphitropical (Amphi) Genera commonly found in the subtropics of North and South America (mainly in
arid regions) but absent or very rare in the tropics in between. Here are included

amphitemperate taxa as well

Andean (Andean) Genera mostly distributed in the Andes or having originated in them

American (Am) Genera distributed more or less uniformly in the Americas (temperate America as

well). Exclusively South American genera, Ligaria and Cortaderia, are included
here too, in order not to create another group for such a few species.
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Table 2. - Phytogeographical elements (species) individualized in this study. Each number represents
a different category. Elements 1-4 represent species exclusive of dry areas of the southern half of South
America.

1 Species endemic to Bolivia. The majority of the species falling in this category are found in the Prepuna region
only.

2 Species of Bolivia and Argentina (a few also in northeastern Chile, in the Andes, in frontier regions with the
aforementioned countries). Species distributed principally in dry zones of the Andes in southern Bolivia and
northwestern Argentina. Many components of this element belong strictly to the Prepuna region, or to the
Prepuna and the lower belt of the arid Puna, which overlies the Prepuna, or to Prepuna and other dry valleys
(although more mesic than the Prepuna) of southern Bolivia and northwestern Argentina. Some taxa reach also
the Monte desert.

3 Species found from southern Peru, central and southern Bolivia, northern Chile and northwestern Argentina,
i.e., an extension specially northwards and eastwards of the previous category, and, in general, possessing more
mesic conditions. Elements in this group are distributed in the Andean dry formations of the southern half of
South America (obviousy, with the exclusion of species from element 2). Thus, this category includes interandean
dry valleys in the cited countries and also the lower portions of the dry Puna (which is more mesic than the arid
Puna) and even those of the semihumid Puna.

4 Species existing in Peru (mainly central-southern Peru), Bolivia, northern Argentina and Chile, Paraguay,
southern Brazil and Uruguay, i.e., species from the southern half of South America not restricted to dry and
predominantly mountain regions (unlike class 3)

5 Species restricted to Bolivia and Peru, mainly in dry parts of the Andes in these two countries

6 Species distributed in most of South America, tropical or temperate

7 Amphitropical or amphitemperate species of the American continent, i.e., species absent or rare in central Ame¬
rica and northern South America

8 Species found from South to North America

9 Cosmopolitan and pantropical species, i.e., those found in most territories of the world or at least in the tropics
and the subtropics of the planet

10 Introduced species subsequently naturalized (cultivated plants uncapable of autopropagation, via seeds or vege-
tatively, were not included)

Two levels of biogeographical analysis were considered: genera and species. Genera show
Prepuna relations on a continental and global scale and have evolutionary significance. For the
analysis, the number of species each genus possesses weighted the importance of genera. Six
biogeographical classes or categories were recognized, quite similar to those chosen by ARMESTO
& VIDIELLA (1993), so that direct comparisons are possible (Table 1 The modern geographic
distribution of genera was based primarily on WILLIS (1973) and MABBERLEY (1989), but
also on ARMESTO & VIDIELLA (1993), CABRERA (1978, for Compositae), and RENVOIZE
(1998, for Gramineae). The only differences with ARMESTOS & VIDIELLA (1993)'s phyto-
geographical elements are those of the American (Am) elements of the present study, where taxa
distributed in the whole continent or in part of it (Ligaria, Cortaderid) were included, and the
endemics. The Bolivian Prepuna has no endemic genera, so that this class, very important in the
isolated coastal desert of Chile, is absent here. Genera such as Calandrinia (found in most of the
Americas) and Baccharis (predominantly in North and South America) were assigned to the
Andean and Amphitropical elements, respectively, following Armesto & Vidiella's decision,
in order to facilitate comparisons. In the analysis involving genera, only native taxa were
considered.

By examination of species we can observe how genera diversified, but the phytogeographi-
cal territory involved becomes more restricted. The analysis at the species level pointed to more
subtle distributional differences and it aimed at finding relationships of the Prepuna at a finer
scale, inside South America. The distributional ranges of each species were examined and, from
common patterns, ten categories or classes of phytogeographical elements were created. For
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subespecies, the distribution of the subspecies was considered for assignation to a biogeographi-
cal element. Reference was made to the same literature mentioned for the case of nomenclature
(first paragraph of this section) when determining the distribution of species. WOODSON,
SCHERY & coll. (1943-1980), SHREVE & WIGGINS (1964), CABRERA (1978, 1983, 1993),
and JORGENSEN & LEÔN-YÂNEZ (1999) were also consulted. The ten categories are shown
in Table 2. Taxa whose identity was not confirmed (aff., cf.) were not employed in the analysis.

The numbers represent phytogeographical elements. As we go from 1 to 10, the elements
are composed of species with succesively larger geographic ranges, except group 5, which is a

particular class that could be considered as belonging to a transition zone between southern and
northern South America; here are included only species exclusive to southern Peru and Bolivia.
Numbers 1 through 4 are the most relevant to the present study; they represent the austral
species, exclusive to the dry southern half of South America, where the Prepuna belongs.
Phytogeographical elements 1-3 are mostly dry Andean. Number 1 was chosen for Bolivian endemics.
Most of the species in this group are moreover exclusive to the Prepuna. Number 2 includes Bolivian

and Argentinean species, many of which are exclusively or predominantly Prepuna species.
Number 3 is a larger group, covering the species of dry zones (specially the dry interandean
valleys) in the Andes of the southern half of South America. As to number 4, this denotes species
of southern South America distributed in very differnt plant formations (e.g., moister Andean and
lowland regions and dry lowlands, as the Chaco). From group or class 6 and on, again the groups
include species with successively wider distributions (see Table 2).

There is no necessary relation between the two series of phitogeographical elements, that of
genera and that of species (e.g., Acacia, a genus occurring in all the tropics and subtropics of the
world, has species with very limited distributions, such as A. feddeana, a Bolivian endemic
restricted to the Prepuna formation).

For the case of biological spectra, species were assigned to the known life form classification

of Raunkier's (BRAUN-BLANQUET, 1979) (Table 3). However, Cactaceae and Bromelia-
ceae were treated as a distinct life form, that of succulents.

Table 3. - Life forms. In parenthesis, equivalent terms also used in the text.

C Chamaephytes (shrubs < 50 cm)

E Epiphytes

G Geophytes

H Hemicryptophytes (perennial herbs)

M Macrophanerophytes (trees)

N Nanophanerophytes (shrubs > 50 cm)

P (Hemi)parasites

S Succulents

T Therophytes (annuals)

V Vines

Results

The plant list includes three hundred and twenty-four species of plants. These species are
distributed in two hundred genera and sixty-one families (considering Leguminosae and Pteri-
dophyta as one taxon). Corresponding values for native species only are two hundred and ninety-
nine species, one hundred and eighty-three genera, and fifty-eight families. One species was
identified to family level only (a Verbenaceae, perhaps Diostea).
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Synonym

Tropaeolum

rectangulum

Buchenau

Aristida

enodis

Hack.

Phytogeographic element (species) • - - - • - • - - - C3 - rsj - rsj - - - - - - to - - - - rM - - >3- - o, -

Phytogeographic element (genera) Pantr TropAm Andean Amphi Amphi Amphi Andean Pantr Pantr Cosm Am Andean TropAm Amphi Andean ' Andean Andean Andean Andean Andean Andean Andean Andean Andean Andean TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm TropAm Cosm Cosm Cosm Cosm
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Species
Melochia

sp.

Tropaeolum

seemanii

Buchenau

Bowlesia

sp.

Aloysia

arcuifolia

G.L.

Nesom

Aloysia

gratissima

(Gillies

&

Hook.)
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virgata

(Ruiz

&

Pav.)
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S

O
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Junellia

bisulcata

(Hayek)

Moldenke

*

Lantana

balansae

Briq.

Lippia

sp.

Verbena

sp.

Phoradendron

liga

(Gillies)

Eich.

Bulnesia

rivas-martinezii

G.

Navarro

*

Kallstroemia

boliviana

Standi.

Larrea

divaricata

Ca
v.

*

Porlieria

microphylla

(Baill.)

Descole,

O'Donell

&

Lourteig

Tribulus

terrestris

L.

Deuterocohnia

bracteosa

W.

Till

&
L.

Hrom.

*

Deuterocohnia
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L.B.

Sm.

Deuterocohnia

lorentziana

(Mez)M.A.
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&
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Puya

hofstenii

Mez

Puya

humilis

Mez

Puya

stenothyrsa

(Baker)

Mez

Puya

trollii

L.B.

Sm.

Puya

weddelliana

(Baker)

Mez

Tillandsia

aizoides

Mez

Tillandsia

caliginosa

W.

Till.

Tillandsia

camargoensis

L.

Hrom.

Tillandsia

capillaris

Ruiz

&
Pav.

Tillandsia

cardenasii

L.B.

Sm.

Tillandsia

cotagaitensis

L.

Hrom.

Tillandsia

gilliesii

Baker

Tillandsia

hasei

Ehlers

&
L.

Hrom.

Tillandsia

hegeri

Ehlers

Tillandsia

hirta

W.

Till

&
L.

Hrom

Tillandsia

lorentziana

Griseb.

Tillandsia

lotteae

H.

Hrom

Tillandsia

muhriae

W.

Weber

Tillandsia

myosura

Griseb.

ex

Baker

Tillandsia

sphaerocephala

Baker

Tillandsia

virescens

Ruiz

&
Pav.

Tillandsia

xiphioides

Ker-Gawler

Cyperus

cf.

andinus

Palla

ex

Kük.

Aristida

adscencionis

L.

Aristida

antoniana

Steud.

ex

Doll

Aristida

friesii

Hack.
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Table 5. - Bolivian Prepuna's most important plant families. Total number of species: 324.
Total number of native species: 299.

a) All species
Family n°spp %

b) Native species
Family n" spp %

Compositae 55 17.0 Compositae 52 17.4

Gramineae 45 13.9 Cactaceae 41 13.7

Cactaceae 42 13.0 Gramineae 38 12.7

Bromeliaceae 27 8.3 Bromeliaceae 27 9.0

Leguminosae 19 5.9 Leguminosae 18 6.0

Solanaceae 10 3.1 Solanaceae 10 3.3

Verbenaceae 8 2.5 Verbenaceae 8 2.7

Amaranthaceae 7 2.2 Amaranthaceae 7 2.3

Chenopodiaceae 7 2.2 Nyctaginaceae 6 2.0

Nyctaginaceae 6 1.8 Convolvulaceae 6 2.0

Convolvulaceae 6 1.8 Chenopodiaceae 5 1.7

Zygophyllaceae 5 1.5 Malvaceae 5 1.7

Malvaceae 5 1.5 Zygophyllaceae 4 1.3

Euphorbiaceae 5 1.5 Caryophyllaceae 4 1.3

Table 6. - Phytogeographic elements (genera) of the Bolivian Prepuna.
a) Importance of genera given by the number of species possessed.
b) Without considering number of species included within each genus. For definitions of biogeographic
elements, see Table 1.

(a) Category n" spp % (b) Category n" spp %

Andean 77 26.1 Cosm 45 25.0

Cosm 70 23.7 Andean 39 21.7

TropAm 65 22.0 TropAm 35 19.4

Pantr 37 12.5 Pantr 27 15.0

Amphi 30 10.2 Amphi 21 11.7

Am 16 5.4 Am 13 7.2

TOTAL 295 100.0. TOTAL 180 100.0

Compositae, Cactaceae, Gramineae, Bromeliaceae and Leguminosae are the most speciose
families (Tables 4 and 5). The ranking is quite similar whether or not introduced species are
considered in the analysis.

Andean elements share a greater percentage of the phytogeographic spectrum of genera,
with a little more than a quarter of the species belonging to predominantly Andean genera (Tables
4 and 6a). Cosmopolitan and Tropical American genera rank second and third, respectively, not
far from Andean elements. However, if all tropical elements (Tropical American and Pantropi-
cal) are summed up, this group becomes dominant (almost 35% of the species). If we examine
relative proportions of genera without considering the number of species each genus possesses,
cosmopolitans stand out as the most important group (one quarter of the genera), and Andean and
Tropical American elements demonstrate lower relative proportions compared with the case
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Table 7. - Phytogeographic elements (species) of the Bolivian Prepuna. See Table 2 for definitions.

All species
Category n" spp %

Native species
Category n" spp %

2 78 28.0 2 78 30.7

1 47 16.8 1 47 18.5

3 36 12.9 3 36 14.2

4 28 10.0 4 28 11.0

10 25 9.0 8 21 8.3

8 21 7.5 6 18 7.1

6 18 6.4 7 12 4.7

7 12 4.3 5 8 3.1

5 8 2.9 9 6 2.4

9 6 2.1

TOTAL 279 100.0 TOTAL 254 100.0

Table 8. - Life form spectra (%) for the Bolivian Prepuna and other South American dry formations.
Numbers in parenthesis refer to number of species. H hemicryptophytes, S succulents, T therophytes,
N nanophanerophytes, C chamaephytes, M macrophanerophytes, E epiphytes, G geophytes,
V vines, P (hemi)parasites. He helophytes.

H T N S C M E G V P He TOTAL

Bolivian Prepuna (') 19.6

(62)

18.3

(58)

18.0

(57)

16.4

(52)

7.6

(24)

6.6
(21)

5.4

(17)

4.7

(15)

2.5

(B)

0.9

(3) -
100.0

(317)

Bolivian Prepuna
(native species) (')

20.5

(60)

15.4

(45)

18.8

(55)

17.5

(51)

7.9

(23)

5.5

(16)

5.8

(17)

4.8
(14)

2.7

(8)

1.0

(3)
- 100.0

(292)

Argentinean Prepuna (2) 29 18.5 28.2 8.1 8.1 2.4 3.2 2.4 - - - 100.0

Nacunân (3) 20 32 25 3 6 4 - 6 4 - - 100.0

Llanos de la Rioja (3) 18 30 14 2 10 12 4 5 5 - - 100.0

Coastal desert (4) 20.8 33.1 33.1 - - - - 12.3 - 0.6 - 100.0

Argentinean Puna (2) 44.2 12.6 16.1 6.3 8.2 0.6 1.2 9.6 - - - 100.0

Argentinean Puna (5) 39.1 14.0 16.0 3.4 10.2 0.3 1.1 13.3 - - 2.1 100.0

(1) This study (<) ARMESTO S VIDIELLA (1993)

(2) RUTHSATZ & MOVIA (1975) AND RUTHSATZ (1977) (5) CABRERA (1957)

(3) ROIG (1971)

where number of species is included (Table 6b). This suggests that these two groups either
radiated more and/or had lower extinction rates than the other classes.

As to the species, exclusively Prepuna elements (class 2) are by far the most important
component with near to one third of the species (Table 7). Bolivian endemics are also conspicuous;
the majority of these are not distributed outside the Bolivian Prepuna (twenty-nine out of fourty-
seven) (Table 4). Most of the endemisms are Andean. Classes 1 and 2 contain almost 50% of all
the species. The other elements of southern South America (classes 3 and 4) are also worth
mentioning. Each of the other classes contributes less than 10 percent of the species number.

The life form spectrum shows the dominance of hemicryptophytes, nanophanerophytes,
succulents, and annuals in the vegetation of the Bolivian Prepuna (Table 8). Of these, only
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Table 9. - Life form spectra for phytogeographic elements (%).
H hemicryptophytes, S succulents, T therophytes, N nanophanerophytes, C chamaephytes,
M macrophanerophytes, E epiphytes, G geophytes, V vines, P (hemi)parasites.
See Table 1 for definitions of phytogeographical elements.

H T S N C E M G V P TOTAL

Andean - 5.3 61.8 25.0 3.9 2.6 1.3 - 100.0

TropAm 20.0 20.0 13.8 4.6 26.1 6.1 3.1 6.1 - 100.0

Cos m 33.3 27.5 20.3 7.2 1.4 5.8 2.9 1.4 100.0

Pantr 25.0 13.9 11.1 13.9 25.0 8.3 2.8 - 100.0

Amphi 33.3 10.0 30.0 16.7 - 6.7 3.3 - 100.0

Am 31.2 12.5 25.0 - 6.2 - 12.5 12.5 100.0

Table 10. - Distribution of phytogeographic elements among life forms (%).
H hemicryptophytes, S succulents, T therophytes, N nanophanerophytes, C chamaephytes,
M macrophanerophytes, E epiphytes, G geophytes, V vines, P (hemi)parasites.
See Table 1 for definitions of phytogeographical elements.

Andean TropAm Cosm Pantr Amphi Am TOTAL

H - 21.7 38.3 15.0 16.7 8.3 100.0

S 92.2 - 7.8 100.0

T 8.7 28.3 41.3 10.9 6.5 4.3 100.0

N 34.5 16.4 25.4 7.3 16.4 100.0

C 13.6 13.6 22.7 22.7 22.7 4.5 100.0

G 7.1 14.3 28.6 21.4 14.3 14.3 100.0

M 12.5 25.0 6.2 56.2 - 100.0

V - 50.0 25.0 12.5 12.5 100.0

E - 100.0 - 100.0

P - 33.3 66.7 100.0

annuals and trees increase in importance when exotic species are included, overtopping succulents

and nanophanerophytes and becoming the second most important life form. If in the group
of shrubs we incorporate that of small trees (M), which often take a shrubby growing form, the
woody habit becomes the most important (one quarter of the species). In fact, most Prepuna
vegetation is dominated by a woody physiognomy, which indicates the importance of small trees
and shrubs also from the perspective of cover. The other life fonns are represented by relatively
low species numbers.

With regard to the relation between biogeographic elements and life forms (Table 9), hemi-
cryptophytes, the most abundant life form, are important in all categories except the Andean.
Annuals and shrubs are also more or less well represented in almost all classes. Annuals contribute

little to the Andean elements. In turn, most of shrubs are Andean, as are the great majority
of succulents (Table 10). Andean succulents are composed of endemics or exclusively Prepuna
elements (classes 1 and 2, respectively). Moreover, succulents also contribute significantly to the
American elements (Table 9). Epiphytes make a substantial contribution to the Tropical American

category (Table 9); in fact, all epiphytes are Tropical American (Table 10). However, all the
species of Tillandsia come from a southern stock (classes 1 through 4), as attested by distributional

ranges of the species [see column of biogeographical elements (species), Table 4]. Finally,
small trees are important for Pantropical elements.
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Discussion

Floristic relations

From the perspective of genera, the Prepuna is dominated by a dry (sub-)tropical stock (the
tropical elements together constitute 35% of the species). This points to the affinities that the
Bolivian Prepuna has with the Chaco region. CABRERA (1976) mentioned the Chacoan origin
of the Argentinean Prepuna. On the other hand, in the Prepuna the importance of Andean
elements is remarkable, totaling more than a quarter of the species. This indicates the influence of
the Puna region.

SARMIENTO (1975) found that the dry flora (genera) of South America presented a clear
discontinuity in central Peru. His analysis holds when considering overall floristic relations or
only genera of Cactaceae. In both cases, two groups appear: one, from central Peru northwards
(the tropical dry areas); the other, from southern Peru, to Bolivia, Chile and Argentina (the
subtropical or austral dry areas). Perhaps this separation recurs for more mesic plant formations as
well. KESSLER & HELME (1999), when working in semideciduous forests in northwestern
Bolivia, found that species composition of some plant families of those semidry plant formations
have more in common with equivalent ecosystems in southern Bolivia, southern Brazil and
northern Argentina than with those occurring in Peru and further north.

While at the generic level the distance between the Bolivian Prepuna and dry plant formations

from northern South America does not seem to be as great as that found by SARMIENTO
(1975) between northern and southern South American floras, nonetheless clear differences do
exist. Of the one hundred and eighty-two native genera identified in this study (the unidentified
Verbenciceae is excluded), fourty-five (one quarter of the total) are austral South American
elements (Table 4). Herbs increase the similarity between Prepuna and northern South America
floristic types given their generalist character (Tables 9 and 10). However, in his comparison,
SARMIENTO (1975) principally considered woody taxa (succulents included). If only woody
elements are selected from the list presented in this study (i.e., C, M, N and S), eighty-two genera
are shown. Of these, thirty-four belong to the austral group. The exclusive austral elements now
constitute 41.5% of the genera occurring in Prepuna, i.e., a considerable number of woody genera
from the Bolivian Prepuna are really exclusive southern elements. If, as SARMIENTO did, only
genera of Cactaceae are examined, the floristic difference between Bolivian Prepuna and the
northern portions of the continent doubles: almost 80% of the cacti genera are exclusive austral
elements. [From ARMESTO & VID1ELLA (1993)'s study, one hundred and twenty-three native
genera can be extracted; of these fifty-six (45%) belong to austral South America. If only shrubs
are considered, this value falls to little less than 40%. The isolation of this ecosystem induced
rapid differentiation of taxa in all their life forms, including herbs.)

At the species level the discontinuity is very evident. The Bolivian Prepuna is unequivocally

related to the dry flora of southern South America. By uniting classes 1, 2, 3 and 4 (the austral

elements), three quarters of the species considered (naturalized species are excluded in this
computation) are covered (Table 7). Notice the importance of class 2 (> 30% of native species),
which underlines the strong connections of the Bolivian Prepuna with the driest parts of southern
South America, mainly the Monte Desert and the Argentinean Prepuna.

SARMIENTO (1975) ascribes this discontinuity to the fact that there was a gap between
forests from which South American tropical and subtropical (austral) dry areas arose. The semi-
dry forests extending from southern Mexico to northern Peru would have given place to the
tropical arid formations, and those of a subtropical-temperate character would have originated from
subtropical dry forests like the Chaco. Similarly, CABRERA (1976) considers that the Chaco
gave rise to the Prepuna, the Monte and other semiarid regions of southern South America.

But not only different floristic sources do explain this segregation of the flora; different
climates as well (SARMIENTO, 1975). The tropical or thermally constant zone barely reaches
17-18 degrees of latitude in some Andean areas (SARMIENTO, 1986). In fact, from as far north
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as central Bolivia (17°S) some seasonality can be felt: there exist a marked colder and very dry
period in which below zero temperatures are recorded in mountainous regions at intermediate
altitudes (1500-3000 m), the rest of the year being characterized by frost-free conditions. Therefore,

different environmental conditions must have fostered the existence of more or less different

floras.

At family level, the Prepuna shows the great importance of Compositae, Cactaceae, Gra-
mineae and Bromeliaceae (Table 5). Composites and grasses are among the most important families

in virtually all deserts; cacti and bromeliads characterize American deserts (SHMIDA,
1985). Moreover, the abundance of cacti in the Bolivian Prepuna is striking, even from a
physiognomic point of view. No other phytogeographic unit or plant formation type in South America

is similarly characterized by this family. If the Prepuna is compared with the Puna region, in
the latter composites are even more abundant: 18 to 33% of all species belong to this family;
grasses rank second, ranging from 12 to 19% (ARROYO & al., 1982, as cited in ARMESTO &
V1DIELLA, 1993; OSTRIA, 1987; BECK & VALENZUELA, 1991; NAVARRO, 1992; VARGAS,

1992; IBISCH & ROJAS, 1994; LOPEZ, 1996). Unlike Prepuna, in the Puna the Cactaceae

have little importance and other families become more abundant: e.g., Caryophyllaceae,
Cruciferae, Scrophulariaceae, among others. In the Puna, Solanaceae and Leguminosae may
have relative proportions similar to those in the Prepuna, but, in the case of the latter family, most
of the species belong to the subfamily Faboideae. Thus, floristically the dissimilarities are
evident, with the Puna being more characterized by a floristic stock in which many temperate
elements intrude.

Life forms

Bolivian Prepuna's life form spectrum is dominated by four habits (Table 8). Note that what
most distinguishes this region, as compared to the others regions shown, is the importance of
succulents (most of them Cactaceae). This could indicate the possibility of comparatively more
reliable rainfalls. Cacti are more common in regions with more reliable, summer precipitation
(SHMIDA & al., 1985; MOURELLE & EZCURRA, 1996). If, on the other hand, nano- and
macrophanerophytes are united (a more realistic option since the latter category, taxa, normally
adopt a shrubby appearance), the Bolivian Prepuna life form spectrum generally matches that of
the Argentinean Prepuna. The preponderance of woody elements in dry formations in South
America is a fact already emphasized by ARROYO & al. (1988, 1993). Compared to the Monte
Desert in Nacunân and a dry formation in La Rioja (both in Argentina), it is noted that annuals
are more important and succulents very scarce in the Argentinean formations. As to the other life
forms, there are strong similarities in the relative proportions.

The life form spectrum differs from that of the coastal desert in central Chile in much the
same way as it does in the Nacunân and La Rioja cases. The coastal desert differs also from the
continental South American deserts in that geophytes are clearly more important and succulents
absent in the former. Shrubs are apparently also better represented in Chile, but in this case true
shrubs are put together with small ones (chamaephytes), and this confuses the comparison. At a

more distant similarity level is the dry Puna. Here, hemicryptophytes and geophytes are
proportionally much greater, and succulents, annuals, and shrubs are less well represented. The different

biological spectra of Puna and Prepuna shows the great climatic differences of these two arid
zones: the first a cold desert; the second, a hot one.

The relative importance of annuals in the Prepuna flora is less than in other deserts. As in
the case with the coastal desert in Chile, annuals increase in importance a little when exotic species

are included in the analysis. It seems, however, that therophytes are not only scarcer in the
Prepuna but in South America in general. Exceptions exist in the extreme southern portion of the
coastal desert in Chile in which annuals constitute more than 60% of all the species present
(ARMESTO & al., 1993) and in certain dune habitats in parts of the Monte desert with a
representation of annuals of up to 46% (ROIG, 1971). Values for other world deserts indicate relative
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proportions of therophytes ranging from 40 to 70% (ORSHAN, 1986; KEMP, 1989; VENABLE
& al., 1993).

Importance for conservation

Despite its floristic and vegetational singularity, the Prepuna region in Bolivia and, as far as
I know, Argentina, lacks even a small protected area. This forgotten ecological region presents
many endemisms, especially among the Cactaceae (all the family is included in the CITES) and
Bromeliaceae. In fact, almost all the species of succulents considered here are endemic to Bolivia

or to the whole Prepuna floristic region (including Argentina). These two families also have

very important endemism levels in other dry areas (although more mesic than Prepuna) of Bolivia

(KESSLER & al., 1998). The as yet incomplete knowledge of the Bolivian Prepuna should
stimulate the implementation of more floristic (and ecological) studies there. The Bolivian
Prepuna presents large areas still well preserved that could be studied to better understand summer-
rain deserts structure and dynamics.

ACKNOWLEDGEMENTS

The authors are grateful to Thorsten Krömer for providing us with his database on Bromeliaceae; from this it was
possible, among other things, to discriminate which species belonged to Prepuna locations. We thank Roberto Riesling,
who sent us the names of Cactaceae he accepts as valid.

REFERENCES

ANON, D. (1953). Las especies argentinas del género Calandrinia (Portulacaceae). Bol. Soc. Argent. Bot. 5: 1-29.

ARMESTO, J. J. & P. E. VIDIELLA (1993). Plant life forms and biogeographic relations of the flora of Lagunillas (30°S)
in the fog free pacific coastal desert. Ann. Missouri Bot. Gard. 80: 499-511.

ARMESTO, J. J., P. E. VIDIELLA & J. R. GUTIÉRREZ 1993). Plant communities on the fog-free coastal desert of Chile:
plant strategies in a fluctuating environment. Revista Chilena Hist. Nat. 66: 271-282.

ARROYO, M. T. K., J. J. ARMESTO, F. SQUEO & J. GUTIÉRREZ (1993). Global change: flora and vegetation of Chile.
In: MOONEY, H. A., E. R. FUENTES & B. KRONBERG (eds), Earth System Responses to Global Change:
Contrast between North and South America: 239-263. Academic Press, New York.

ARROYO, M. T. K., F. A. SQUEO, J. J. ARMESTO & C. VILLAGRÂN (1988). Effects of aridity on plant diversity in
the northern Chilean Andes: results of a natural experiment. Ann. Missouri Bot. Gard. 75: 55-78.

ARROYO, M. T. K., C. VILLAGRÂN, C. MARTICORENA & J. J. ARMESTO (1982). Flora y relaciones biogeogrâfi-
cas en los Andes del norte de Chile. In: VELOSO, A. & E. BUSTOS (eds.), El Ambiente Natural y las Poblaciones
Humanas de los Andes del Norte Grande de Chile (Arica, lat. I8°28 'S) 1: 71-92. ROSTLAC, Montevideo, Uruguay.

BECK, S. G. & E. VALENZUELA (1991). ANEXO 2: Lista de las especies vegetales. In: FORNO, E. & M. BAUDOIN
(eds.), Historia Natural de un Valle en Los Andes: La Paz: 225-257. Instituto de Ecologia, UMSA, La Paz.

BRAKO, L. & J. L. ZARUCCFII (eds.) (1993). Catalogue of the flowering plants and gymnosperms of Peru. Monogr. Syst.
Bot. Missouri Bot. Gard. 45: 1-1286.

BRAUN-BLANQUET, J. (1979). Fitosociologia. H. Blume, Madrid.

CABRERA, A. (1957). La vegetation de la Puna argentina. Revista Invest. Agric. 11: 317-412.

CABRERA, A. (1976). Regiones fitogeogrâficas argentinas. In: KUGLER, W. F. (ed.), Enc. Argent. Agricult. Jardin. 2(1).
ACME, Buenos Aires.

CABRERA, A. (ed.) (1983, 1993). Fl. Prov. Jujuy 8, 9. Coleccion Cientifica del Instituto Nacional de Tecnologia Agro-
pecuaria (INTA), Buenos Aires.

CABRERA, A. (1978). Compositae. In: CABRERA, A. (ed.), Fl. Prov. Jujuy 10. Coleccion Cientifica del Instituto Nacio¬
nal de Tecnologia Agropecuaria (INTA), Buenos Àires.

CANNE-FIILLIKER, J. M. (1988). Agalinis (Scrophulariaceae) in Peru and Bolivia. Brittonia 40: 433-440.

D'ARCY, W. G. (1976). New names and taxa in the Solanaceae. Ann. Missouri Bot. Gard. 63: 363-369.

ERIKSEN, B. (1993). Phylogeny of the Polygalaceae and its taxonomic implications. Pl. Syst. Evol. 186: 33-55.

HEIMERL, A. (1930-1934). Nyctaginaceen-Studien. Notizbl. Bot. Gart. Berlin-Dahlem 11: 450-470.



R. P. LOPEZ & S. BECK - PHYTOGEOGRAPHICAL AFFINITIES OF THE BOLIVIAN PREPUPNA 95

HELLWIG, F. H. (1990). Die Gattung Baccharis L. (Compositae-Asteraceae) in Chile. Mitt. Bot. Staatssamml. München
29: 1-456.

HUNZIKER, A. T. (1977). Estudios sobre Solanaceae. VIII. Novedades varias sobre tribus, géneros, secciones y especies
de Sudamérica. Kurtziana 10: 7-50.

IBISCH, P. & P. ROJAS (1994). Flora y vegetacion de la provincia Arque, departamento Cochabamba, Bolivia. Ecol. Boli¬
vian-. 1-92.

JORGENSEN, P. M. & S. LEÔN-YÂNEZ (eds.) (1999). Catalogue of the vascular plants of Ecuador. Monogr. Syst. Bot.
Missouri Bot. Gard. 75: 1-1181.

KEMP, P. R. (1989). Seed banks and vegetation processes in deserts. In: LECK, M.A., U. T. PARKER & R. L. SIMPSON
(eds.) Ecology ofsoil seed banks: 257-282. Academic Press, San Diego.

KESSLER, M. (1995). The genus Polylepis (Rosaceae) in Bolivia. Candollea 50: 131-171.

KESSLER, M., K. BACH, N. HELME, S. G. BECK & J. GONZALES. (1998). Floristic diversity of Andean dry forests
in Bolivia -an overview. In: BRECKLE, S. W., B. SCHWEIZER & U. ARNDT (eds.), Results ofworldwide ecological

studies: 219-234. Proceedings of the 1st Symposium of the A. F. W. Schimper Foundation est. by H. and E.

Walter, Hohenheim, October 1998. Verlag Günter Heimbach, Stuttgart.

KESSLER, M. & N. HELME (1999). Floristic diversity and phytogeography of the central Tuichi Valley, an isolated dry
forest locality in the Bolivian Andes. Candollea 54: 341-366.

KIESLING, R. (1999). Las cactâceas de Bolivia. Succulentes (special number, Association des Amateurs de Plantes Suc¬
culentes -AIAPS-, Jardin Exotique, Monaco): 1-48.

KING, R. M. & H. ROBINSON (1987). The genera of the Eupatorieae (Asteraceae). Monogr. Syst. Bot. Missouri Bot.
Gard. 22: 1-581.

KRÖMER, T., M. KESSLER, B. K. HOLST, H. E. LUTHER, E. J. GOUDA, P. L. IBISCH, W. TILL & R. VÂSQUEZ
(1999). Checklist of Bolivian Bromeliaceae with notes on species distribution and levels of endemism. Selbyana 20:
201-223.

LOPEZ, R. P. (1996). Patrones de diversidad vegetal en el valle de La Paz. Thesis. Universidad Mayor de San Andrés, La
Paz, Bolivia.

LOPEZ, R. P. (2000). La Prepuna boliviana. Ecol. Bolivia 34: 45-70.

MABBERLEY, D. J. (1989). The plant-book. Cambridge University Press, Cambridge.

MOURELLE, C. & E. EZCURRA (1996). Species richness of Argentine cacti: a test of biogeographic hypothesis. J. Veg.
Sei. 7: 667-680.

NAVARRO, G. (1992). Vegetacion de Bolivia: el altiplano meridional. Rivasgodaya 7: 69-98.

NAVARRO, G. (1994). A new species of Bulnesia (Zygophyllaceae) from the xerothermic southern Puna of Bolivia.
Novon 4: 280-284.

NAVARRO, G. (1996). Catâlogo ecolögico preliminar de las cactâceas de Bolivia. Lazaroa 17: 33-84.

NESOM, G. L. (1991). A new Bolivian species of Aloysia (Verbenaceae). Phytologia 70: 145.

ORSHAN, G. (1986). The deserts of the Middle East. In: EVENARI, M., I. NOY-MEIR & D. W. GOODALL (eds.), Hot
Deserts and Arid Shrublands 12A: 1-26. Elsevier, Amsterdam.

OSTRIA, C. (1987). Phytoécologie et paléoécologie de la vallée altoandine de Hichu Khota (Cordillère Orientale, Boli¬
vie). Doctoral Thesis. Université de Paris.

RENVOIZE, S. A. (1998). Gramlneas de Bolivia. The Royal Botanic Gardens, Kew.

ROIG, G. (1971). Flora y vegetacion delà réserva forestal de Nacunân. Deserta 1: 25-226.

RUTHSATZ, B. (1977). Pflanzengesellschaften und ihre Lebensbedingungen in den Andinen Halbwüsten Nordwest-
Argentiniens. J. Cramer, Vaduz.

RUTHSATZ, B. & C. P. MOVIA (1975). Relevamiento de las estepas andinas del noreste de la Provincia deJujuy, Argen¬
tina. Fundaciön para la Educaciôn, la Ciencia y la Cultura, Buenos Aires.

SALDIAS, M. (1993). Leguminosae: Mimosoideae. In: KILLEEN, T. J., E. GARCIA & S. G. BECK (eds.), Guïa de
Arboles de Bolivia: 420-456. Herbario Nacional de Bolivia-Missouri Botanical Garden, La Paz.

SARMIENTO, G. (1975). The dry plant formations of South America and their floristic connections. J. Biogeogr. 2:
233-251.

SARMIENTO, G. (1986). Ecological features of climate in high tropical mountains. In: VUILLEUMIER, F. & M.
MONASTERIO (eds.), High Altitude Tropical Biogeography: 11-45. Oxford University Press.

SHMIDA, A. (1985). Biogeography of the desert flora. In: EVENARI, M., I. NOY-MEIR & D. W. GOODALL (eds.), Hot
Deserts and Arid shrublands. B: 23-77. Elsevier, Amsterdam.



96 CANDOLLEA 57, 2002

SHMIDA, A., M. EVENARI & I. NOY-MEIR (1985). Hot desert ecosystems: an integrated view. In: EVENARI, M., I.
NOY-MEIR & D. W. GOODALL (eds.), Hot Deserts and Arid shrublands. B: 379-387. Elsevier, Amsterdam.

SHREVE, F. & 1. L. WIGGINS (1964). Vegetation andflora of the Sonoran Desert. Stanford University Press, Stanford-
California.

VARGAS, E. (1992). Estudio de la flora y la vegetaciôn del valle del rio Jillusaya, dpto. La Paz. Thesis. Universidad
Mayor de San Andrés, La Paz, Bolivia.

ULBRICH, E. (1932). Malvaceae americanae, imprimis andinae novae vel rariores. Notizbl. Bot. Gart. Berlin-Dahlem 11 :

515-545.

VENABLE, D. L., C. E. PAKE & A. C. CAPRIO (1993). Diversity and coexistence of Sonoran Desert winter annuals. Pl.
Spec. Biol. 8: 207-216.

WILLIS, J. C. (1973). A dictionary of theflowering plants andferns. Cambridge University Press, Cambridge.

WOODSON, R. E., R. W. SCHERY & coll. (1943-1980). Flora of Panama. Ann. Missouri Bot. Gard. 30-67.

ZULOAGA, O. & O. MORRONE (eds.) (1996). Catâlogo de las plantas vasculares de la Repüblica Argentina. I. Pterido-
phyta, Gymnospermae y Angiospermae (Monocotyledoneae). Monogr. Syst. Bot. Missouri Bot. Gard. 60: 1-323.

ZULOAGA, O. & O. MORRONE (eds.) (1999). Catâlogo de las plantas vasculares de la Repüblica Argentina. II. Angio¬
spermae (Dicotyledoneae). Monogr. Syst. Bot. Missouri Bot. Gard. 74: 1-1269.

Address of the authors: RPL and SB: Herbario Nacional de Bolivia, Campus Universitario, calle 27, Cotacota s/n,
La Paz, Bolivia.

RPL, also: Casilla (PO Box) 3-35121, La Paz, Bolivia. E-mail: rplopez@ceibo.entelnet.bo


	Phytogeographical affinities and life form composition of the Bolivian Prepuna

