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Resumen. La composicién floristica de algunos bosques de Polylepis del centro-sur de Bolivia (Cordillera de Cochabamba)
fue analizada considerando riqueza de especies, endemismo y patrones de distribucién. Cada bosque fue evaluado mediante
transectos de 100-500 m? que incluyeron 16-43 especies de plantas vasculares (promedio = 29.3, n = 65), de las cuales
0-12 fueron helechos o afines. La mayor riqueza de especies de helechos y afines asf como para todas las plantas vasculares
se encontré en Lope Mendoza, la localidad mds humeda de rodas las investigadas. De las 231 especies analizadas, ocho
fueron endémicas para la Cordillera de Cochabamba, 30 especies y una subespecie fueron endémicas de los Andes de Bolivia.
La mayoria de las especies, 64.5%, estén distribuidas en los Andes sobre los 1500 m de altitud entre Venezuela y el norte
de Argentina/Chile. Los helechos y afines por lo general tienen distribuciones mds amplias, solamente una rercera parte de
las especies estd restringida a los Andes. Cincuenta y nueve especies estuvieron distribuidas dnicamente entre los Andes de
Bolivia y Perd, mientras que solamente 12 especies fueron exclusivas para Bolivia y el norte de Argentina/Chile. De las
especies ampliamente distribuidas, mds de la mitad (34) ocurren en regiones extra tropicales de América del Sur.

Abstract. The floristic composition of some Polylepis forests in south-central Bolivia (Cordillera de Cochabamba) are analyzed
with regard to species richness, endemism, and distribution patterns. Each stand was investigated in transects comprising
100-500 m? and included 16-43 species of vascular plants (mean = 29.3, n = 65), 0—12 of which were ferns or fern allies.
The highest species richness, both for fern and fern allies and for vascular plants as a whole, was found at Lope Mendoza,
which is the most humid locality of those investigated. Of 231 species analysed, eight were endemic ro Cordillera de
Cochabamba, and an additional 30 species and one subspecies were endemic to the Bolivian Andes. A majority of the
species, 64.5%, have an Andean distribution occurring above 1500 m altitude somewhere between Venezuela and northern
Argentina/Chile. Fern and fern allies generally have wider distributions with only a third of the species restricted to the
Andes. Fifty-nine of the species were shared exclusively between the Andes of Bolivia and Peru, whereas only 12 were shared
exclusively between Bolivia and northern Argentina/Chile. Among the widespread species, more than half (34) occur in
extra-tropical South America. Accepred 05 November 2001.

Key words: Polylepis forests, phytogeography, species richness, diversity, endemism, Andes, Bolivia.

INTRODUCTION

Compared with most other vegeration types in South
America, the Polylepis forests can be considered well
studied. Many studies have been dedicated to the flo-

moleroux 1996). However, apart from the genus fo-
bylepis itself, lirtle is known about the distribution and
endemism of the accompanying flora of these forests.

In this paper we present an analysis of the vas-

ristics, structure, distribution, conservation, and bio-
logy of Polylepis forests (e.g., Hensen 1993, 1995; Kes-
sler 1995a, b; Fjeldsd & Kessler 1996 and references
therein). In addition, the taxonomy of the genus Fo-
lylepis has attracted much attention compared with
most other groups of vascular plants in South Ame-
rica (Bitter 1911, Simpson 1979, Kessler 1995¢, Ro-

! e-mail: bertil.stahl@systbot.gu.se
* Current address: Botanical Instirute, Géteborg University,
PO. Box 461, SE-40530 Géteborg, Sweden

cular plant flora recorded from eight localities with
Polylepis forest in the Cordillera de Cochabamba in
south-central Bolivia, focusing on species richness, en-
demism, and distribution. The Cochabamba area was
identified as a top priority area for conservation by
Fjeldsd & Kessler (1996). Some of the localities were
also considered as ,key-areas” for the conservation of
Neotropical birds (Wege & Long 1995). It was there-
fore considered interesting to investigate if these con-
ditions were paralleled by a similar situation for vas-
cular plants.
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MATERIAL AND METHODS

Study sites and collections. The original data set used
for the present study was collected by E. Ferndndez
for a phytosociological thesis work, which was pre-
sented to the Universidad Mayor de San Simén,
Cochabamba, in 1995 (Ferndndez 1997). Species da-
ta were collected in transects covering 1-2 x 100-500
mz. The length of the transects was determined by
standard practices of the Braun-Blanquer school of
phytosociology (Braun-Blanquet 1964).

A total of 65 transects was made ac eight locali-
ties (Table 1). All localities are situated in the Cor-
dillera de Cochabamba south of the Andean divide
towards the dry intermontane valleys. Four of the lo-
calities, Parque Nacional Tunarj, Laphia, Liriuni, and
Cuenca Taquifa, are situated on the inside of the
Cochabamba basin on the southern slopes of the Tu-
nari massive, just north of the town of Cochabam-
ba, whereas the other four localities are situated in the
mountains south and southwest of Tiraque, i.e., out-
side of the actual Cochabamba basin. All localities
north of Cochabamba are dominated by Polylepis bes-
seri ssp. subtusalbida. Cerro Kewial is populated by
P tomentella ssp. nana, a subspecies known from this
area only (Kessler 1995¢), Quebrada Mojén and Lo-
pe Mendoza by P racemosa ssp. lanata, and Zapata
Rancho by P tomentella ssp. incanoides (nomenclature
according to Kessler 1995¢). None of the localities are
situated far from rural populations and the vegetati-
on is heavily influenced by human activities, usually
through burning and firewood collecting (Hensen
1995). Additional information and photographs of
some of the sites are presented by Andersen ef al.
(1999), Ferndndez (1997), Hensen (1993, 1995), and
Kessler (1995b).

The entire data set includes 261 species of vas-
cular plants, 35 of which are ferns or fern allies (Ly-
copodium spp.). For the phytogeographical analysis,
all determinations presented in Ferndndez (1997) we-
re revised, both by comparing the material with collec-
tions in the herbaria of Cochabamba (BOLV), Gé-
teborg (GB), La Paz (LPB), and Stockholm (S), and
by consulting new or additional publications. Some
material was also sent to specialists in Arhus (AAU),
New York (NY), Stockholm (S), and Berkeley (UC),
but at the time of writing only a few identifications
had been returned. Unidentified species and species
for which distribution records were unavailable or
considered unreliable were excluded, leaving a set of
230 species (including 26 species of ferns and fern
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TABLE 1. Localities of Polylepis forests in this study, with number of species of vascular plants and ferns and fern allies, taxon of Polylepis present, and number

of transects made [{(coordinates extracted from Andersen ez 4/ (1999) and Kessler (in liz£)].

No. of species of

No. of species

No. of

Taxon of Polylepis

Coordinates

Alticude

(m)

Locality

ferns and fern allies

of vascular plants

ransects

0- 2(x=0.8)

24-39 (x = 32.5)

4
3
9
5
13

D besseri ssp. subtusalbida

66°08'W, 17°19°S

3500-3700
3600-3750

Parque Nac. Tunari, Km 12 (PT)

Liriuni (Li)

I-2&=1.7)
0- 2 (x=1.3)
0- 3(x=1.6)
0- 2(x=0.9)

16-33 (x = 23.3)

P besseri ssp. subtusalbida

66°17°W, 17°17°S

19-37 (x = 29.0)

P besseri ssp. subtusalbida

66°12'W, 17°18’S

3600-4050
3250-3400
3250-3500
2950-3350
3050-3450

3200

Cuenca Taquifia (CT)
Laphia/Lapia (La)

19-31 (x = 25.0)
20-31 (x = 24.2)

P besseri ssp. subrusalbida

66°13°W, 17°18°S

P, tomentella ssp. nana

65°42"W, 17°33°S

Cerro Kewiiial/ Kehuiiial (CK)

Quebrada Mojén (QM)
Lope Mendoza (LM)
Zaparta Rancho (ZR)

- 5(=29)
3-12 (x=7.0)

8 19-35 (x = 28.9)

20

P racemosa ssp. lanata

65°25"W, 17°29°S

25-43 (x = 34.2)

P racemosa ssp. lanata

65°22°\W, 17°30°S

0- 3(x=1.3)

25-34 (x = 30.0)

3

P romentella ssp. incanoides

65°40°\W, 17°27°S




allies). This list, along with distribution data and
references, is presented in Appendix.
Dried vouchers are preserved in the herbaria of

Cochabamba (BOLV) and La Paz (LPB).

Data analyses. The data matrix was analyzed using pre-
sent/absent values only. The figures appearing in the
original, phytosociological work represent subjective
estimates of abundance and covering, not the num-
ber of individuals. The data set is accordingly not well
suited for diversity estimates including abundance va-
lues. Therefore, the simplest estimate of diversity, spe-
cies richness, is used here. This is also the measure that
permits most comparisons with investigations from
other localities.

Distributions were recorded from the most recent
primary sources, such as monographs, revisions, and
crirical flora treatments. When these sources were un-
available the distributions were recorded or extrapo-
lated after consulting different kinds of compilations
such as checklists and the Tropicos database (Tropi-
cos 2000). In a few cases, only records from the La
Paz or Stockholm herbarium were used.

PHYTOGEOGRAPHY OF POLYLEPSIS FOREST PLANTS

Focusing on montane areas, the presence/absen-
ce of each species was recorded for the following areas:
Cordillera de Cochabamba; Andes of Bolivia above
1500 m alt.; Andes of Peru above 1500 m alt.; An-
des of Ecuador above 1500 m alt.; Andes of Colom-
bia and Sierra Nevada de Santa Marta above 1500 m
alt.; Andes of Venezuela and Cordillera de la Costa
above 1500 m alt.; extra-tropical Andes of Chile and
Argentina above 1500 m alt; Guayana Highlands
above 1500 m alt.; Mesoamerica (Mexico-Panama);
tropical Jowland South America below 1500 m alc;
extra-tropical lowland South America below 1500 m
alt.; West Indies; North America (north of Mexico);
Paleotropics (or cosmopolitan).

RESULTS

Species richness. The total number of vascular plants
found ar the studied transects varied between 16 and
43 (Table 1). Although not significant, the species
richness decreases slightly with altitude (Fig. 1). The
richest localities were Lope Mendoza and Parque Na-
cional Tunari with an average of 34 and 32 species
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FIG. 1. Species richness of vascular plants vs. aldtude in 65 transects of Polylepss forest in Cordillera de Cochab-
amba. Symbols indicate different taxa of Polylepis forming the forests ( P besseri ssp. subtusalbida; B P ra-
cemosa ssp. lanata; O R tomentella ssp. incanoides; Q P tomentella ssp. nana).
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respectively, and the poorest Liriuni, Cerro Kewifal,
and Laphia with average species numbers of 23-25.
When considering fern and fern allies only, Lope
Mendoza is by far the richest locality with an aver-
age of 7 species per transect, followed by Quebrada
Mojén with close to 3 species per transect. All the
other localities had averages of less than 2 species of
ferns and fern allies per transect.

General distribution. As expected, the flora of the Po-
bylepis forests in Cordillera de Cochabamba is chief-
ly Andean (Appendix, Table. 3). In all, 149 (64.8%)
out of 230 species for which distribution records we-
re available are confined to the Andes; they occur in
the Andes above 1500 m altitude somewhere from Ve-
nezuela through northern Argentina/Chile, but not
outside of this area. However, an opposite pattern is
shown by fern and fern allies, of which 17 species ha-
ve wide disttibutions and only 11 are confined to the
Andes. A total of 45 species (19.6%) reaches as far as
Mesoamerica, and many of those occur also in North
America and the West Indies. Only 11 species have
been recorded from the Guayana Highlands.

Among the species restricted to the Andes, a lar-
ge group consists of those species shared exclusively
between Bolivia and Peru (59 spp.). By contrast, on-
ly 12 species are shared exclusively berween the Bo-
livian Andes and northern Argentina/Chile.

In the group of species occurring outside of the
Andes, many (34 spp.) occur also in extra-tropical
South America. Many of these (16 spp.) are also dis-
tributed outside of the Americas, sometimes as cos-
mopolitan weeds.

Endemism. Of the 230 species surveyed, eight are en-
demic ro the Cordillera of Cochabamba (Tabs. 2 and
3). In addition, three geographical races of Polylepis,
recognized as three subspecies by Kessler (1995¢), are
also endemic to this area. Polylepis tomentella ssp. in-
canoides and P tomentella ssp. nana constitute the two
northernmost populations of a species distributed ro
northern Argentina, whereas P2 racemosa ssp. lanata
constitutes the southernmost population of a species
distributed from central Peru (Kessler 1995¢).

The locality richest in endemics is Cerro Kewifial
with five taxa, followed by Quebrada Mojén with three.
The other localities have one or two endemics each.

Twenty-nine species (12.6%) and one subspecies
of Polylepis, P bessers ssp. subtusalbida, can be consi-
dered subendemics in as much as they have been re-
corded from the Andes of Bolivia only. Two of these
subendemics are ferns.

PHYTOGEOGRAPHY OF POLYLEPSIS FOREST PLANTS

TABLE 3. Number of species of vascular plants sha-
red between Polylepis forests of Cordillera de Cochab-

amba and other geographical areas.

No. of

species(%)
Endemics 8 (3.5)
Andes of Peru above 1500 m alt. 170 (73.9)
Andes of Ecuador above 1500 m alt. 102 (44.3)
Andes of Colombia above 1500 m alc.' 66 (28.7)
Andes of Venezuela above 1500 m ale.” 47 (20.4)
N Andes of Chile/Argentina
above 1500 m alt. 83 (36.1)
Guayana Highlands 11 (4.8)
Mesoamerica 45 (19.6)
Lowland tropical South America
below 1500 m alt. 40 (17.4)
Extra-tropical South America 34 (14.8)
West Indies 17 (7.4)
Norcth America 18 (7.8)
Cosmopolitan or Pantropical 16 (7.0)

" Including Sierra Nevada de Santa Marra.
? Including Cordillera de la Costa.

DISCUSSION

Species richness. Although largely undocumented, a
general opinion by botanists working in the neotro-
pics is that Polylepis forests are comparatively poor in
vascular plant species, a notion suggested by the uni-
form tree species composition and the high altitude
at which they occur. This conclusion is also suppor-
ted by an analysis of checklist data from Ecuador (Jor-
gensen & Ulloa 1994). In addition, comparing the
data presented here with those of Gentry (1995) for
three Andean mixed forest sites at around 3000 m ele-
vation strongly support this view. Gentry’s samples of
0.1 ha include about 35 species of vascular plants with
a stem diameter of 2 2.5 cm. The sample plots are
more than twice the size of those used here, but a
quick look through the species lists (Appendix) reveals
that less than 10% of the plants in our samples have
a stem diam. of 2 2.5 cm.

If compared with data from other Polylepis forests,
the species numbers found here compares fairly well
with those from other investigations in Bolivia. Mer-
cado (1998) found 20-40 species of vascular plants
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(including 3-8 species of ferns) in Polylepis forests
northwest of Monte Puncu in the Carrasco National
Park, about 15 km east of the Lope Mendoza locality.
The fact that Mercado used considerably larger sur-
vey areas (0.25—1 ha) indicates that the smaller sur-
vey areas used here are sufficient to record alpha-
diversity in Polylepis forests. Using the same methods,
Hensen (1993), whose more extensive data are part-
ly from the same localities as those used for this stu-
dy, enumerates 14—47 species in transects covering at
least 100 m2.

The species richness values can also be compared
to a few other studies, but only with regard to ferns
and fern allies. At Saila Pata and Cocapata, northwest
of the Tunari Higlands, Kessler (1999) recorded bet-
ween 12 and 17 preridophyte species in 20 x 20 m
Polylepis forest plots. In Ecuador, Ollgaard & Navar-
rete (1997) found 26 species of ferns ina 240 x 5 m
wransect of Polylepis forest at 3500 m altitude. The hig-
her species richness of ferns at these localities is [ar-
gely explained by more humid conditions, especial-
ly at the Ecuadorian site, bur the experience of the
field workers may also have been of some importance.

The slightly negative correlation between altitu-
de and species richness recorded in the present study
(Fig. 1) may have less to do with altitude than with
humidity. Lope Mendoza, which has the largest spe-
cies numbers in chis study is also the most humid lo-
cality (,himedo a hiperhimedo® according to Fer-
nandez 1997), but it is also situated at a lower alti-
tude than the drier, species-poorer localities on the
southern slopes of the Tunari highland and at Cerro
Kewinal.

Distribution and endemism. The present phytogeo-
graphical analysis should be considered preliminary,
mainly because of poor taxonomic and ecological
knowledge of the raxa included. Nevertheless, some
patterns and trends are obvious and need furcher com-
ments. First of all, the analysis clearly demarcates the
large floristic difference between Polylepis forests and
lowland forests. In addition, most of the 36 species
occurring in lowland tropical South America are al-
so distributed in extra-tropical South America, and
some of these are weedy with distributions outside the
Americas. Using data from Ecuador, the distinc-
tiveness of the montane Andean flora was also well
documented by Jorgensen & Leén-Ydnez (1999). The
opposite pattern shown by ferns and fern allies is no
doubr connected to the high dispersal capacity in the-
se groups of plants (Tryon 19806).
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It is also obvious that the flora of the Polylepis fo-
rests of Cordillera de Cochabamba is mainly Ande-
an. A total of 170 (73.9%) species is shared with the
Andes of Peru, 102 (44.3%) with the Andes of Ecua-
dor, and 83 (36.1%) with the Andes of norchern Ar-
gentina-Chile (Table.3). Some of the Andean species
reach also areas of high altitude in Mesoamerica and
the Greater Antilles. However, only a few species ha-
ve been reported from the Guayana Highlands, which
further scresses the biogeographic uniqueness of this
area. The larger number of species shared with Peru
than with Chile/Argentina may give validity to Hu-
eck’s distincrion (1966) berween the ,, Tucuman-Bo-
livian® and ,mid-Andean® regions, although further
analysis should be made, which also takes ecological
parameters into account, before that classification can
be properly evaluared.

Since most figures on endemism in the Neotro-
pics are rare or unreliable, we cannot state whether
the figures found in this study, eight species (3.5%)
and three subspecies, is low or comparable with other
sites of similar size and topography. Also, most other
figures published in the literature are from areas that
are much larger, such as the Chocé floristic provin-
ce (20% endemism according to Gentry 1992), or
areas delimited by political borders of little or no bio-
logical relevance. However, figures on endemism from
smaller areas, such as Cerro del Tord in Colombia
(5.2% according to Silverstone-Sopkin & Ramos-
Pérez 1995), suggest that vascular plant endemism in
the Polylepis forests of Cordillera de Cochabamba is
probably not higher than other Andean forests of
similar extension.

Conservation. From the point of view of conservati-
on it is worth mentioning that, with the exception
of Polylepis taxa forming the actual forests, none of
the vascular plants endemic to Cordillera de Cochab-
amba seems to be restricted to Polylepis forests as such.
However, these forests are remnants of once much lar-
ger stands (Kessler 1995a), and given the lack of other
kinds of forest or scrub in the vicinity it may well be
that the species here recorded as endemic could be-
come severely threatened should the last Polylepis fo-
rests be destroyed. Given the fact that all sices inve-
stigared have been heavily influenced by human ac-
tivity, probably for a very long time, their vascular
flora may already be depauperate. However, the hig-
her accumulation of endemics at Cerro Kewifial and
Quebrada Mojén compared with the other localities
indicates that any action to preserve the Polylepis fo-
rest at these two sites should be taken seriously and
uncompromisingly.
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