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IMPACTS OF ANTHROPOGENIC ACTIVITY ON THE VEGETATION
OF POLYLEPISWOODLANDS IN THE REGION
OF COCHABAMBA, BOLIVIA

Isabell Hensen

Institute for Geobotany and Botanical Garden, Am Kirchtor 1, D-06108 Halle/Saale, Germany

Resumen. Influencia del hombre sobre la vegetacién de los bosques de Polylepis en la regién de Cochabamba/Bolivia. Los
bosques de Polylepss, endémicos de los Andes, pertenecen a los ecosistemas boscosos mds amenazados de Sudamérica. En
Bolivia, el 4rea que todavia persiste, abarca solamente el 10% de su drea potencial. La distribucién actual de estos bosques
se caracteriza por la existencia de pequefias manchas aisladas. El andlisis de la estructura de la vegetacidn, de la composi-
cién floristica, y de los factores de los h4bitats mds importantes muestran que, en Ja actualidad, el sotobosque de los remanentes
de Polylepis en la regién de Cochabamba estd compuesto de especies propias de pastos, barbechos y formaciones arbustivas.
La destruccién del bosque es el resultado del fuego que durante varios siglos fue utilizado para ampliar campos agricolas.
Esta prdctica se mantiene en la actualidad. Casi todas las formaciones boscosas estdn sometidas al pastoreo, en algunas zonas
moderado y en otras intenso. En ambos casos, afecta claramente tanto a la estructura y a la combinacion floristica como a
la renovacién. La influencia del hombre sobre la vegetacién queda ilustrada por el ejemplo de un bosque de Polylepis bessers
ssp. subtusalbida, situado en las alrededores de Cochabamba, a 3500—-3800 m s.n.m. Esta drea boscosa ha sido tradicionalmente
usada como sistema agroforestal. Se explican las consecuencias del pastoreo, uso del fuego, tala y recogida de lefia sobre la
vegetacién, asi como del microclima y la estructura del suelo. Ademds, se dan recomendaciones para el uso agricola sostenible
y la conservacién del bosque, y se discuten los problemas que surgen de su realizacién.

Abstrace. The Polylepis forests in the Andean highlands are one of South America’s most endangered forest ecosystems. In
Bolivia, the remaining area is about 10% of the potential area, and the present distribution of these woodlands is characterized
by the presence of small, isolated stands. An analysis of vegeration structure, floristic composition, and main habitat factors
shows thar at the present time the undergrowth of Polylepis remnants in the region of Cochabamba is composed of species
typically found in open shrub- and grasslands, pastures, and fallows. Large-scale forest destruction resulted from the use
of fire over many centuries to gain agricultural land. This method is still being employed. Nearly all stands are used moderately
or intensively as pasture land, substantially affecting their structure, species combination, and rejuvenation. The anthropogenic
influence on the vegetation coverage is illustrated by a stand of Polylepis besseri ssp. subtusalbida, located in the surroundings
of Cochabamba, 3500-3800 m a.s.l. This variously wooded area is traditionally used as an agroforestry system. The
consequences of crop production, grazing, firewood utilization, and felling on vegetation, microclimate, and soil structure
are explained. Recommendations for sustainable land use and forest conservation are given, and problems of its realization

are discussed. Accepred 07 November 2001.

Key words: Agroforestry, Andes, Bolivia, forest conservation, forest destruction, grazing, human influence, Polylepis, sustainable
land use.

INTRODUCTION
The genus Polylepis (Rosaceae) is endemic to the

ted stands high above the current timberline to 5200
m a.s.). (Polylepis tarapacana on Sajama volcano, Bo-

South American Andes and has aroused the interest
of ecologists and plant geographers since its descrip-
tion by Ruiz & Pavon (1794). The 20 species and 8
subspecies (Kessler 1995a) are distributed from Ve-
nezuela to Argencina (Baumann 1988). Some of the-
se “highest climbing trees of the world” (Troll 1959)
grow in the uppermost region of the tropical mon-
tane forest, but several other species thrive in isola-
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livia). Due to this particular area, the natural distri-
bution of the high Andean Polylepis forests has been
debated for decades. Koepcke (1961), Walter & Me-
dina (1969), Simpson (1986), and Rauh (1988) con-
sidered these stands as microclimatically favored. In
sharp contrast to this, and as early as the 1950s, El-
lenberg (1958) suggested that the Andean parts of Pe-
ru had probably been covered naturally by forest or
scrub communities up to 4500 m a.s.)., and that the
present vegetation is “the result of the progressive fo-
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rest destruction by grazing and disorganized utiliza-
tion of wood since centuries.” Today it is generally re-
cognized that the present-day distribution of Polylepis
forests is attributable to human impact (Ellenberg
1958, Legaard 1992, Fjeldsd 1992, Hensen 1995,
Kessler 1995a, Fjeldss & Kessler 1996, Lauer er al.
2001). According to Kessler (1995a), the remaining
woodlands represent less than 10% of the potential
forest area in the high Andes. This percentage de-
creases even more if we disregard the dispersed Poly-
lepis bushlands in the arid parts of the puna zone. The
main reason for this immense forest destruction has
been the burning for arable land.

This paper presents a brief outline of the history
of the anthropogenic impact in the region of
Cochabamba valley and summarizes the results of an
ecological study of the vegeration structure of the re-
maining Polylepis woodlands (Hensen 1993, 1995).
In addition, the ecological consequences of former
and current land use practices on floristic composi-
tion is illustrated by a stand of Polylepis besseri ssp.
subtusalbida, located in the Province of Cochabam-
ba, 3500-3800 m a.s.l. The effects of agriculcural uti-
lization on a formerly considerably denser forest stand
can be studied here up to the present day because ex-
tensive developments did not begin until the agrari-
an reform of 1952. Taking this example, the conse-
quences of grazing, felling, fire, and firewood uti-
lization on vegetation, microclimate, and soil struc-
ture of Polylepis woodlands are explained and re-
commendations for sustainable land use and forest
conservarion are given.

HISTORY OF THE ANTHROPOGENIC
IMPACT IN THE REGION OF COCHA-
BAMBA VALLEY

The history of the Cochabamba valley region and the
high Andean areas surrounding it can be traced back
to the Old Stone Age through archaeological skele-
ton and tool discoveries (Ibarra 1971). According to
AGRUCO/CIDRE (1986), pieces of pottery of the
“Tumulos culture” (1000 B.C.—200 A.D.) indicate an
already well-developed agriculture with the corre-
sponding vegetation modifications. Several present-
day designations of regions in the eastern cordillera
originate from the Aymara language and confirm the
settlement already in preincaic time (Bollinger & Dé-
ring 1977). According to Diez de San Miguel (1567;
cited by Kessler & Driesch 1993), extensive areas of
the Andean highlands were used for the breeding of

llamas and alpacas, indicating habitat degradation on
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a large scale. The Inca agriculture that reached
Cochabamba in the 15" century is known to have be-
en very compatible with the environment (Romero
1992). The main objective of their agriculture was to
keep soil fertility stable for a long time. Therefore
steep slopes were terraced and the pastures of came-
lids (llamas, alpacas, vicufias) limited to artificially wa-
tered grazing areas. However, according to Ruthsatz
(1983), the former density of colonization is thought
to have been as high as in the present day, meaning
that the ecological balance in the highlands was cer-
tainly already disturbed during Inca domination.

Mansilla (1984) attempted a reconstruction of the
former high Andean vegetation cover evaluating tra-
vel descriptions by Spanish colonialists (e.g,, Ciega De
Leon, Polo de Ondogardo, Acosta, Cobo and others,
all 16+ to 17+ century). All of them agree about the
mild climate of the altiplano with its clear rivers and
lakes, diverse fauna, and various vegetation formari-
ons. Gonzales (1955, in Koepcke 1961) mentions, for
the high Andes of Peru, that the majority of today’s
desertlike regions were covered by xero- and meso-
phytic forest vegetation during the Spanish conquests.
However, far-reaching effects on the vegetation cover,
including extensive forest destruction, did not occur
until the arrival of European land-use practices (Kess-
ler & Driesch 1993). The exploitation of mineral re-
sources was a major aim of the Spanish colonialists,
to which the entire economical and social structure
had to be subjected (Pampuch & Echalar 1987). The
foundation of all larger Bolivian cities occurred si-
multaneously with the introduction of useful Euro-
pean plants and livestock. Founded in 1574, Cocha-
bamba became an important center for the supply of
food, wood, leather, and wool for the mining areas,
and inhabitants hoped for a rapid increase in pro-
duction by modernizing the Incaic land-use practices.
Slopes were cultivated with draught animals and a
betrer irrigation system was sought by arranging fur-
rows parallel w inclination. Sheep increasingly re-
placed camelids in cheir importance as wool suppliers
and large grazing areas were cleared with fire. In ad-
dition, deforestation accelerated due to the enormous
demand for timber and firewood in the mining areas
and newly founded cities.

In the 17 cencury first reports mentioned the dis-
appearance of forests, degradation of climate, and
decrease in agricultural profits (Mansilla 1984). In the
19 century the natural vegetation cover of the Bo-
livian high Andes is said to have almost disappeared,
accelerated additionally by the construction of rail-



ways and road networks. The Bolivian revolution and
agrarian reform of 1952 released additional very
strong pressure on natural resources because cultiva-
ble areas were now passed to the heirs by equal sha-
re of inheritance (Bode 1998). Due to population in-
crease and the continual loss of fertility of arable and
grazing areas, more and more unfavorable mountain
ranges are being taken under the plough. Today, soil
erosion is thought to be the greatest ecological prob-
lem in Bolivia (Ellenberg 1981); already 40% of the
entire country is regarded as destroyed (Rist & San

Martin 1991).

FLORISTIC COMPOSITION OF PRE-
SENT-DAY POLYLEPIS WOODLANDS

Within the spacious surroundings of the Cochabamba
valley basin system, Polylepis forests and woodlands
are found berween 2900 and 4100 m a.s.l. (Fig. 1).
They consist of the species/subspecies Polylepis seri-
cea, P racemosa ssp. lanata, P besseri ssp. subtusalbi-
da, P romentella ssp. \ncanoides, and P tomentella ssp.
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nana (nomenclature follows Kessler 1995b). The si-
ze of these remnants varies between 0.5 and > 50 ha;
their distribution shows a clear correlation with ele-
vation and mean annual precipitation (Fig. 2). Be-
cause very few stands are characterized by a closed
crown cover | here prefer to use the term woodland.

Berween March 1990 and June 1991, 207 rele-
vés were carried out in 23 different Polylepis wood-
lands (Fig. 1), following the method of Braun-Blan-
quet (1964). The survey table (Table 1) shows a cle-
ar division into two groups, the “partially altered” and
the “strongly altered” Polylepis stands (according to
Seibert & Menhofer 1991). This division is the re-
sult of the differing intensity of anthropogenic in-
fluence as deduced from species composition. The
“partially altered” Polylepis stands, which serve above
all for the supply of firewood and as forest pasture,
could be divided into four plant communities: Hu-
mid Vallea stipularis-Polylepis racemosa ssp. lanata
woodlands, semi-dry to dry Woodsia montevidensis-Po-
ylepis besseri ssp. subtusalbida woodlands, dry Polyle-
pis tomentella ssp. incanoides woodlands, and very dry

Totora

E valley areas ' puna areas
(< 3500m) (> 3500m)

transitional
/// cloud forests Mﬂl forests

mountain ridges

FIG. 1. Position of Polylepis stands in the surroundings of Cochabamba. They are indicated by the following
numeration: 1 Lampaya, 2 Llanke, 3 Chorojo, Rodeo, Chacapaya, 4 Palca Pampa, 5 San Miguel, 6 Morochata,
7 Lap’fa, 8 Titiri, Puca Puca, 9 Parque Tunari, 10 Sapanani, Pacha Wasa, 11 Mayca Mayu, 12 Cande¢laria,
13 Chaki Khocha, Tuti, 14 Kewifial, 15 Alalay, 16 Infiernillos, 17 Zapara Rancho, 18 Mojén, 19 Cocapata,
20 Lach'uj Mayu, 21 Rodeo Chico, 22 Yana Wara, 23 Llutu Pampa. The remaining areas indicate additional
woods which were not studied.
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DPolylepis tomentella ssp. nana bushlands. 1 refrain from
a phytosociological classification because no adaequate
and comparable database exists for the region of
Cochabamba. This is in accordance with Seibert &
Menhofer (1991) and Kessler & Hensen (2001), who
warn against a rash syntaxonomical classification in
phytosociologically poorly studied regions.

The phytosociological data on Polylepis wood-
lands in the province of Cochabamba already pu-
blished by Hensen (1995) can be summarized as fol-
lows (Table 1): Highly constant species in all com-
munities are Gynoxys glabriuscula, a rall Asteraceae of-
ten found on verges or at fields edges, and Satureja
boliviana, a Lamiaceae characteristic of fallows and
uncultivared terrace steps (own observation; ¢f- Rich-
ter & Lauer 1987 for the valley of Charazani). Other
accessory species occurring on all types of soil are Ag-
eratina azangaroensis (Asteraceae), the puna tussock
grasses Stipa ichu, Calamagrostis antoniana, and
Festuca dolichophylla, and the worldwide-distributed
bryophyte Polytrichum juniperinum.

The humid Polylepis racemosa woodlands oceur
between 3200 and 3400 m a.s.l. in different regions
of the East Andean incline. In the areas investigated,
the sky is mostly overcast and fog formation often
occurs. Mean annual temperatures are 12-14 °C,
mean precipitation 1000-1500 mm (Hensen 1995,
Kessler 1995a). Columns 1-4 (Tablel) comprise dif-
ferent types of woods. In the most humid community
characterized by Lycopodium thyoides (1/1) several tree
species were found: Polylepis racemosa, Prumnopitys
exigua (Podocarpaceae), Weinmannia fagaroides
(Cunoniaceae), Oregpanax sp. (Araliaceae), and Cle-
thra sp. (Clethraceae). Their trunks are covered by
bryophytes and lichens, their branches by thallo- and
cormoepiphytes (Piperaceae, Bromeliaceae, Ona-
graceae, Preridophyta). The scrub layer is composed
of species that are also common in the surrounding
open vegetation: Baccharis genistelloides, Ageratina
sternbergiana, or Satureja boliviana. The understory
of the community with Lycopodium clavatum (1/2) is
formed mainly by ericaceous shrubs (Gaultheria glo-
merata, Pernettya prostrata) known to be very frequent
in regularly burned pdramo-vegetation (Legaard
1992). Additionally, community 1/3 is characterized
by a fire-adapted plant, Hesperomeles lanuginosa (Ro-
saceae; Laegaard 1992). The transition to the Polylepis
besseri woodlands with more balanced warer condi-
tions is formed by community [/4, differentiaced by
Tagetes maxima.



The semi-dry wo dry Polylepis besseri ssp. subtu-
salbida communities (Table 1; 1) are situated within
the slopes facing the dry valley of Cochabamba. Their
climate is characterized by mean annual temperatu-
res of 8-14 °C and precipitations of 600-900 mm.
Floristically, there are no clear-cut limits berween the
differentiated subunits (II/1—4). The semi-dry wood-
lands 1-3 show transitions to the humid Polylepis
woodlands (1), the driest community I1/4 is connec-
ted 1o the dry woodlands of Polylepis tomentella
(INI-IV) by several species. Anthropogenic impacts al-
so lead to correspondences with the group of “stron-
gly altered” Polylepis stands (V). The group with Wood-
sia montevidensis, Bromus lanatus, Schinus andinus, and
Calceolaria sparsiflora encompasses the characteristic
species. The semi-dry. woodlands 11/1-3 are diffe-
rentiated by several lianas and ferns (Cajophora cana-
rinoides, Galium mandonii, Mutisia matthewsii,
Salpichroa tristis var. lebmannii, Asplenium fragile, Adi-
antum poiretis); the drier unit (I1/4) found on open
and often eroded slopes poor in nutrients is separa-
ted by Conyza deserticola and Gamochaeta simplicau-
lis (Asteraceae).

Polylepis tomentella woodlands (I11 and IV) are di-
stinguished by several species (cf Ferndndez 1997).
The shrubs Baccharis dracunculifolia, B. tricuneata (As-
teraceae), and Minthostachys andina (Lamiaceae) are
highly constant in both communities, as well as the
tussock grases Stipa ichu and Festuca dolichophylla and
the hemicryptophytes Briza stricta and Hypochoeris
elata. The community with Polylepis tomentella ssp.
incanoides (111) includes five woodland stands berween
Epizana and Pojo (3050 to 3150 m, Fig. 1). Me-
teorological data exist for Montepunco (3500 m; me-
an annual precipitation 686 mm) and for Totora
(2900 m a.s.l.,, mean annual precipitation 590 mm,
mean annual temperature 16 °C). Shrubs such as Aga-
linis reflexidens (Scrophulariaceae), Eupatorium bu-
niifolium or Viguiera pazensis (Asteraceae) dominate;
the herbaceous layer is of minor importance. The
dominant tree species of community 1V, Pobylepis
tomentella ssp. nana, is probably locally endemic; a
single but extensive (50 ha) stand is located between
Arani and Vacas at 3300 m as.l. (Fig. 1, Kewifal).
Precipirtation rate is assumed to be approximately 500
mm/year (Hensen 1995). The plots investigated are
clearly differentiated by the occurrence of Baccharis
obtusifolia (Asteraceae), Senna aymara (Fabaceae), Le-
pechinia bella (Lamiaceae), and Dodonaea viscosa (Sap-
indaceae), a common pionieer species of eroded soils.
Equally constant are Cheilanthes pruinosa (Sinopreri-

ANTHROPOGENIC ACTIVITY ON POLYLEPIS

daceae), Lycurus phleoides (Poaceae), and Evolvulus se-
riceus (Convolvaceae; according to Baar 1990 an in-
dicator species of extremely dry and infertile pastu-
res).

IMPACT OF TRADITIONAL
AGROFORESTRY ON STRUCTURE
AND FLORISTIC COMPOSITION
OF POLYLEPIS STANDS

The “strongly altered” Polylepis stands (V) are suc-
cessional stages of communities attributed to a for-
mer ucilization as farmland. These relevés were taken
within the woodlands of Chorojo, an Andean villa-
ge situated at an altitude of 3500 to 4800 m, with a
mean of precipitation of about 900 mm and a mean
temperature of 10-11 °C (Fig. 1, 3). Differential spe-
cies of these successional stages comprise the group
with Calamagrostis heterophylla, a short Poaceae that
according to Gutte & Gutte (19706) is often found
in the area of short-grass puna. With Azorella biloba,
Paronychia muschleri, Agrostis tolucensis, and Gilia gra-
cilis, other turf-forming species are included. Many
of the accompanying species such as Luzula racemo-
sa, Ophioglossum scariosum, Polytrichum juniperinum,
Lachemilla aphanoides var. tripartita, Castilleja pumi-
la, and Corula mexicana are documented by Baar
(1990) for the high-Andean pasture lands of the Bo-
livian province Ayopaya. Additionally, several roset-
te-forming species and genera such as Geranium ses-
siliflorum, Hypochoeris, Belloa, Werneria, Perezia, and
Paronychia are identical with species collected by Gut-
te & Gutte (1976) in the tussock- and short-grass pu-
na in Peru. The three communities distinguished in
Table 1 (V/1-3) reflect different types of utilization
(Table 1; for furcher details see Hensen 1995). The
presence of several foreign floral elements such as Ero-
dium cicutarium, Veronica persica, Poa annua, Sonchus
oleraceus, Capsella bursa-pastoris, Taraxacum officina-
le, and Medicago polymorpha is striking. These agre-
stals were imported with European crop plants and
found suitable habitat conditions following the clea-
ring of vegeration cover and nitrogen accumulation.

Due to historical peculiarities, the village of
Chorojo is characterized by a unique forest history.
Before 1952 the forest was used exclusively by the fa-
mily of the landowner, who extracted firewood for
personal needs and sold tanniferous bark to a leather
factory. The oldest villagers of Chorojo still remem-
ber a forest described as dense, dark, and in some parts
inpenetrable (Hensen 1993, AGRUCO/PROBONA
1999). After the agrarian reform, the farmers allowed
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the burning of the vegetation cover (thar in many
areas of the high Andes led to the complete destruc-
tion of the forests) only in a few exceptions and on
a very small scale, presumably because of the ongoing
influence of the former landowner (Hensen 1993).
Today, the variously wooded area is traditionally used
as an agroforestry system as defined by OTS and CA-
TIE (1986; Bellot & Hensen 1991): (1) Single trees
remain on ploughed land. (2) Several Polylepis hed-
gerows are kept for wind protection. (3) The vegeta-
tion, including the crees, is utilized by che people in
local medicine, as timber and fire wood, and as a
nutrition supply (Hensen 1992a, 1992b). (4) Young
leaves and saplings are valued as animal fodder. (5)
Dense woodland areas protect herdsman and pastu-
re animals against strong solar radiation by providing
shadow. However, the extensive field and pastureuse
means that the majority of the Polylepis stands in
Chorojo are today extensively cleared (¢f Liberman
1990). As explained above, the greatest part of the pre-
sent woodland area is covered by “strongly altered”
plant communities which must be evaluated as ne-
gative succession stages if one starts from the initial

state. “Partially altered” Polylepis woodlands, today re-
garded as the vegeration most resembling the poten-
tial natural vegetation (Hensen 1995), are found on-
ly in a few places. According to the calculations of
AGRUCO/PROBONA (1999), the whole woodland
will have disappeared in 19 years.

As a grear advantage of cultivation within the
woodland, the farmers named the shortening of fal-
low time, which can be traced back, on the one hand,
to the higher organic substance content, on the other,
to the more favorable water balance of the woodland
soils. Navia (1991) noted the rotation on the fields
within the woodland to be potatoes — oca/papalisa —
barley/wheat ~ barley/oat — fallow (1 year; Fig. 4).
Outside the woodland cultivation is possible for only
three years, followed by a continuous fallow of 3 to
18 years (Fig. 4). However, today the stands of trees
are completely senescent. Above all, younger farmers
interviewed by Hensen (1993) see in the woodland
fields potential areas of arable land in which tree re-
juvenation is not desired. According to their under-
standing, trees left on the fields reduce their profit
because crop failure results, particularly in the area

ssp. subtusalbida

P. tomentella
ssp. nana

P. tomentella
ssp. incanoides

masl o !
....... P. besseri
4000 R
3500 Pl T T,
/M P. racemosa Iui ;
/ P. sericea / ssp. lanata 137 ) E
/ /7“ hrz AN A 2 O=
A= =
] It
3000 \
[ I [
1500 1000

mm precipitation/year
500

FIG. 2. Presumed distribution of Polylepis species/subspecies along altitudinal levels in the region of Cochabamba
within a precipitation gradient. The numbered parts approximately indicate the distribution area of the dif-

ferentiated plant communities.

196



around the trunk bases. Indeed, cornfield studies by
Navia (1991) proved a three- to fivefold increase in
yield with increasing distance from the trunk. How-
ever the profit on potatoes was affected only insigni-
ficantly by the presence of trees.

The sowing of Andean tuberous vegetables such
as potatoes, oca, ot papalisa takes place at the end of
August, a time of high soil dryness. Therefore the
fields are already prepared at the end of the rainy sea-
son, when the soil can still be worked easily. How-
ever through this management the topsoil lacks pro-
tection from the strong winds during wintertime.
Thus forest soil conditions differ considerably accor-
ding to relief and land use history. As shown by Hen-
sen (1993), silicate-rich sandstones with a shallow lay-
er of soil (lithosoles, ranker) or deep brunisoles do-
minate in the most closed parts of the woodlands. In
open and steep stands, surface water flow often re-
sults in “headed” profiles. At the base of the slope the-
se erosion processes lead to soil profiles characterized
by indications of embankments. Their low deposic
density allows them to quickly dry out and remain
in constant movement, as shown by surface erosion

ANTHROPOGENIC ACTIVITY ON POLYLEPIS

grooves (Hensen 1993). However, the largest part of
the woodland is located on slopes with an inclination
of between 10 and 30° (Fig. 3). Here, soils are more
or less degraded; very often bare rock juts out visib-
ly. The conservation of only individual trees but not
of the whole woodland ecosystem can therefore at
most only delay soil degradation.

The high crop yields of Chorojo village lead to a
high density of stock. Sheep, goats, llamas, alpacas,
cows, pigs, and donkeys serve not only as means of
cransport and as food supply, but also as an impor-
rant security, representing easily available capirtal in ti-
mes of illness, crop failure, or festivities. Additional-
ly, herd size is regarded as an important status sym-
bol within and among the villages. According to El-
lenberg (1981) and Augstburger (1990), heavy over-
grazing is the most important factor in erosion. Augst-
burger estimates the overgrazing for the high Andes
of Bolivia to be approximately 70%, which means
thar instead of an ecologically acceptable stocking den-
sity of one sheep, on average 1.7 sheep graze per hec-
tare. The main consequence of woodland pasture is
the lack of tree rejuvenation (Hensen 1991, Kessler

FIG. 3. The Polylepis besseri ssp. subtusalbida woodland of the village of Chorojo.
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outside the Polylepis forest

1* year

/ °‘a‘°es\

from the 4" year onwards 2" year
fallow perlod oca, lisa
(3-18 years)
\ o /
oats, barley

inside the Polylepis forest
1*year
/ potatoes
5"year
fallow period
(1 year) 2™ year
oca, lisa
4" year
barley
\ 3“year
oats, barley

FIG. 4. Crop rotation systerns outside and inside Polylepis woodlands in the village of Chorojo (Province

Cochabamba).

1995a). Although at the end of the rainy season > 100
seedlings/m? of Polylepis can be found (Hensen 1994),
young plants of > 5 cm are almost entirely lacking.
To the herdsman, the woodland clearance is welcome
because better feeding possibilities exist on open grass-
land areas.

THE POLYLEPIS STANDS OF
COCHABAMBA - A DIAGNOSIS
OF THEIR CURRENT STATE

Comparing the vegetation of the Polylepis woodlands
in the surroundings of Cochabamba (Table 1) with
information on the distribution of individual plants
in the literature (e.g., Herzog 1910, 1923; Weber-
bauer 1911; Gurte & Gutte 1976; Baar 1990; Beck
& Garcia 1991; Seibert & Menhofer 1991; Ibisch
1993; Pestalozzi 1998), it is remarkable that the un-
dergrowth of Polylepis remnants in the region of
Cochabamba is composed of species that are typical-
ly found in open shrub- and grasslands, pastures, and
uncultivated fields. Shade species adapted to clima-
tic conditions inside woodland with reduced radiati-
on and balanced conditions of temperature, soil wa-
ter, and air humidity occur very rarely. Particularly the
understory of open and very open woodland stands
resembles the vegetation formations of its surroun-
dings.
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In the literature, comments on the reduction of
Polylepis forests through the influence of man can be
frequently found (e.g., Koepcke 1961, Hueck 1961,
1962, Fernandez 1970, Beck & Ellenberg 1977,
Ruthsatz 1977, 1983, Simpson 1979, Jordan 1983,
Fjeldsa 1987, 1992, Frimer & Moller Nielsen 1989,
Baar 1990, Beck & Garcia 1991, Legaard 1992, Ar-
bolandino 1992, Ibisch 1993, Kessler 1995a, Fjeldsd
& Kessler 1996, Bode 1998, Lauer e /. 2001). Lar-
ge-scale forest destruction resulted from the use of fi-
re across many centuries to gain agricultural land. This
method is still being employed and leads as a rule to
the destruction of the forest. As a result of this age-
long anthropogenic impact, almost all investigated
areas are nowadays mosaics of grass- and woodland,
where closed areas alternate with open (Fig. 3). Fur-
ther forest utilization includes extraction of timber
and firewood, charcoal making, and grazing. Nearly
all stands are used as pastureland in a moderate to ex-
treme way, substantially affecting their structure, spe-
cies composition, and rejuvenation.

Land use in the form of an agroforestry system
is unique to the study area but unable to preserve the
woodland. The local arrangements in the village
Chorojo serve exclusively to protect individual trees,
so that I would disagree with Liberman (1990), who
judges the land use to be “sensible and conserving the
natural resources.” According to the farmers of Choro-



jo, the positive effects on soil fertility attributed to
agroforestry (OTS & CATIE 1986, Otarola 1987,
Reynel & Morales 1987, Reynel & Leon 1990, DF-
PA 1990, Carlson & Anazco 1990) are counteracted
by negative factors (competition for nutrients, light
and water, impeded cultivation, reduced cultivatable
area). Particularly the younger farmers are not inte-
rested in rejuvenation of the trees. They evaluate the
woodland exclusively wichin the perspective of agri-
cultural development. This situation is above all due
to the current scarcity of arable land as a result of
population increase and the continuing decrease in
soil fertility through erosion, grazing, and inadequate
fertilization. Also a loss of “traditions” (for example
the increasing displacement of joint cultivation
forms such as ayanoqas) certainly plays an essential
role here. According to the farmers, trees remaining
on arable land seem to affect crop yield only indirectly
through the reduced number of fallow years. As
shown by Navia (1991), yields might be reduced on
fields with trees — at least in dry and even climatically
normal years. Therefore the critical evaluation of the
establishment of agroforestry systems by Kessler &
Breman (1991; for semiarid Africa) seems justified.

Scattered fields exist also in other Polylepis wood-
lands, at least within the semi-dry to dry stands of Po-
bylepis besseri ssp. subtusalbida. However, the fields are
generally completely cleared of trees and the clearing
continually enlarged in the following years. Wood-
lands used in a similar manner to those in Chorojo
do not exist. The reason is that in other regions with
comparable environmental conditions the Polylepis
forests that persisted after the Bolivian heyday of
mining and railway construction have been burned
down already, and the humus-rich, very fertile forest
soils have been subjected to agricultural use or are
already eroded.

WHAT SHOULD BE DONE TO CON-
SERVE THE LAST POLYLEPIS STANDS?

The Andean farmer sees himself confronted with a
high number of problems affecting his survival. The
area of cultivatable land continually decreases due to
equal share of inherirance and increase in populati-
on density. More and more inclined slopes not suit-
able for cultivation (and/or subsequent pastural far-
ming) are ploughed over. As a result, soil fertility
decreases rapidly through wind and water erosion.
The inclusion of trees into agricultural activities is ra-
re since trees do not bring any recognizable short-term

ANTHROPOGENIC ACTIVITY ON POLYLEPIS

advantages for the farmer. Thus most forest areas of
the high Andean mountains have already fallen vic-
tim to the flames (Kessler 1995a).

The highest goal for such an overpopulated re-
gion as the Andean high mountains cannot be a na-
ture conservation policy aimed only at conserving.
Nature reserves are certainly indispensable in order to
preserve biologically valuable ecosystems as refuges,
but do not include the inhabitants. Some Polylepis
woodlands should be put under protection as a who-
le in order to conserve these very special ecosystems.
The government should grant compensation to the
local communities, which at the same time could per-
form a control function. Additionally, diversified eco-
logical educational work which includes all age groups
and sections of society seems absolutely necessary.

Nature conservation programs with the task of
preserving or even regenerating the living conditions
of the Bolivian population must intervene in the
structuring of landscape. Concepts should be deve-
loped leading to an ecologically sensible and distinet
juxtaposition of crop production, grazing, and wood-
land areas, particularly in the extremely sensitive tro-
pical mountain ecosystems (Fig. 5). Use of agricul-
tural areas should be intensified in order to decrease
the pressure on the last woodland reserves on a Jong-
term basis. Since it is almost impossible for the ma-
jority of the Bolivian farmers to treat their fields with
inorganic fertilizer, improvement of fallowlands
should be increased through, e.g., green manuring or
compost economy. The burning down of stands
should be locally regulated, if not suppressed com-
pletely, and the agricultural utilization of steep incli-
nations prohibited. Small village communities must
be made aware thar the destruction of the vegetation
cover results in irreparable alterations to the water
balance that significantly affect their own living con-
ditions. A similar action plan is proposed by Fjelds3
& Kessler (1996).

Traditional land-use systems could be further de-
veloped through the integration of ecologically com-
patible cultivation systems (for example, agroforestry
and rotation systems, terracing of inclinations or dis-
tribution of environmentally suitable farm imple-
ments). However, there is little experience with agro-
forestry systems in semiarid regions. In Cochabam-
ba, a series of experiments within the local forest pro-
gram (described by Schlaifer 1990) showed that the
farmers rapidly lost interest in agroforestry because of
the slow growth of most native tree species; many
young trees withered in the dry season or became
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heavily damaged by animals (own observations). For
Peru, on the other hand, there have been several posi-
tive results from the introduction of Andean agro-
forestry systems (e. g., Otarola 1987, Reynel & Mora-
les 1987, Reynel & Leon 1990).

As long as the high density of grazing animals is
not decreased, soil fertility and living conditions will
only get worse in the high Andes. Institutions should
make an effort to ensure that livestock loses its fun-
ction as deposit account, risk insurance, and status
symbol. Due to this social importance within the vil-
lage communities, it is almost impossible either to
conserve the last woodland areas or to carry out suc-
cessful reforestation projects accepted by the local po-
pulation. Unfortunately, heightened production of
fodder frequently leads to an increase in livestock for
the farmers. However, cultivation of perennial crops,

such as legumes, on pasture areas represents an impor-
tant measure for soil improvement and erosion pro-
tection. Furthermore, livestock composition should
be altered in favor of llamas and alpacas (Ellenberg
1981).

To solve the problem that the main distribution
area of Polylepis in Bolivia corresponds to the zone of
high population density, projects for forest regenera-
tion should consider the cloud zones which are often
situated above the cultivated zones. Polylepis forests
could easily be conserved on humid slopes or those
frequently enshrouded in fog, which are not suirable
for agriculture but are very valuable for water
catchment. These may provide water, e.g., for agri-
cultural areas. Unfortunately, Bolivia does not have
a history of forestry. Forest projects have existed on-
ly for a few years but are restricted mostly to the plan-

M o o te

crop production areas

grazing areas

forest areas

> intensification

> improved management
in fallow periods

> agroforestry

> rotalion systems

> terracing

> cultivation of
nitrogen-fixing plants

> promotion of
camelids

> establishment of
conservation areas

> reforestation with
native species

FIG. 5. Separated land use and corresponding suggested measures for improvement of habitat quality (following

Ellenberg 1981, altered and amplified).
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ting of Eucalyptus and Pinus. Although bad experi-
ences have been made, particularly with the intro-
ductdion of Eucalyptus species (Poore & Fries 1987),
efforts to obtain the necessary fundamental knowledge
of cultivation and reproduction of native trees are still
too few and inadequate. It is stated repeatedly that
these are economically too unproductive. In additi-
on, the urgent problem of excessive grazing, also lin-
ked to reforestation programs, is frequently opposed
only with prohibitions and definitions that do not in-
clude any problem-oriented solution. According to
estimates by the FAO (Werner Hanagarth, Karlsruhe,
pers. comm.), Bolivia loses every year about 200000
ha of woodland (Camino 1987). Up to 1990, a total
of 11952 ha were afforested, mainly with Eucalyptus
globulus (official information). Even the most impor-
tant forest institution of Bolivia, Programa Forestal
Cochabamba, was able to establish only 1000 ha of
new plantations yearly (Camino 1987, M. Schlaifer,
PROFOR, pers. comm. 1991).

The pressure on land resources in the Andean
highlands is increasing in an alarming manner. The
government attempts to oppose this problem through
the establishment of colonization areas in the eastern
tropical lowlands. Because land use is usually prac-
tised without any knowledge of ecologically appro-
piate techniques, the inhabitants are soon confronted
with serious ecological problems. Rates of migration
and repatriation are extremely high (e.g., in Alto Be-
ni 30%; Fuchs 1991). In the tropics, extensive forest
areas have already been irretrievably destroyed with-
out the establishment of new and lasting utilizable
living spaces. Here it becomes clear that the protec-
tion and conseryation of the last Polylepis woodlands
cannot be considered separately from ecological con-
ditions in other parts of the country. Without the
integration of the local inhabitants into the develop-
ment of new utilization and cultivation techniques in
tropical as well as high mountain ecosystems, the last
Andean woodland areas will soon have disappeared.
And with these the basic livelihood of a large section
of Bolivian society.

REFERENCES

AGRUCO/CIDRE 1986. Monographia de la Provincia
Tapacari. Cochabamba, Bolivia.

AGRUCO/PROBONA 1999. Tipos de relactones bosque
— comunidad y normas tradicionales de uso y acceso a
la vegetacién boscosa. Cochabamba, Bolivia.

Arbolandino 1992. Distribucién de Polylepis en el sur de
Puno. Pomara, Peru.

ANTHROPOGENIC ACTIVITY ON POLYLEPIS

Augstburger, F. 1990. La ganaderfa y los equilibrios ecold-
gicos. Desarrollo y medic ambiente, COTESU La Paz,
Bolivia: 25-27.

Baar, R. 1990. Weidegesellschaften im Wassereinzugsgebiet
des Flusses Tambillo Mayu, Provinz Ayopaya, Depar-
tement Cochabamba, Bolivien und deren Medizi-
nalpflanzen. Diploma thesis, University of Gottingen.

Baumann, E 1988. Geographische Verbreitung und Oko-
logie siidamerikanischer Hochgebirgspflanzen. Physi-
sche Geographie 28, Ziirich.

Beck, S., & H. Ellenberg. 1977. Entwicklungsméglichkei-
ten im Andenhochland in 8kologischer Sicht. Study on
behalf of the Federal Ministry for Economical Coope-
ration, Gottingen.

Beck, S., & E. Garcia. 1991. Flora y vegetacién en los di-
ferentes pisos altitudinales. Pp. 65-108 in Forno, E., &
Baudoin, M. (eds.). Historia natural de un valle en los
Andes: La Paz. Insticuro de Ecologia, Universidad
Mayor de San Andrés, La Paz, Bolivia.

Bellot, J., & I. Hensen. 1991. Manejo tradiciondl de un bos-
que de kewifia en Chorojo — Cochabamba. Pp. 89-92
in Sorgedrager, ].K. (ed.). Sistemas agroforestales tradi-
cionales en Bolivia. La Paz, Bolivia.

Bode, R. 1998. Anthropogener Einfluf} auf die Bestands-
strukeur von Polylepis-Relikten seir der Agrarreform —
ausgewihlte Beispiele aus dem Departamento Cocha-
bamba in der Ostkordillere Boliviens. Diploma thesis,
University of Marburg.

Bollinger, A., & H. Déring. 1977. Die Inka. Lausanne.
Braun-Blanquet, J. 1964. Pflanzensoziologie. 3. Aufl.,
Wien.

Camino, R. 1987. El sector forestal en el desarrolto. Pp. 8-12
in COTESU. COTESU en Bolivia 1987, Cochabam-
ba, Bolivia.

Carlson, P. |., & M. Afiazco. 1990. Establecimiento y ma-
nejo de prdcticas agroforestales en la sierra ecuadoria-
na. Red Agro-Forestal ecuadoriana, Quito, Ecuador.

DEFPA (Desarrollo Forestal Participativo en los Andes). 1990.
Experiencias en el establecimiento, manejo y difusién
de pricticas agroforestales en la region andina. Quito,
Ecuador.

Ellenberg, H. 1958. Wald oder Steppe? Die natiirliche Pflan-
zendecke der Anden Perus. Teil 1. Umschau 21:
645-648, Teil 1I. Umschau 22: 679-681.

Ellenberg, H. 1981. Desarrollar sin destruir. Instituto de
Ecologia, Universidad de San Andrés, La Paz, Bolivia.

Ferndndez, J. 1970. Polylepis tomentella y orogenia recien-
te. Bol. de la Soc. Argentina de Botanica 13: 14-30.

Ferndndez, E. 1997. Estudio fitosociolégico de los bosques
de kewifia (Polylepis spp., Rosaceae) en la cordillera de
Cochabamba. Rev. Bol. de Ecol. 2: 49-65.

Fjeldss, J. 1987. Birds of relict forests in the high Andes of
Peru and Bolivia. Zoological Museum Copenhagen.
Copenhagen.

201



HENSEN

Fjeldsd, J. 1992. Biogeographic pattern and evolution of the
avifauna of relict high-altitude woodlands of the An-
des. Steenstrupia 18: 10-62.

Fjelds, ., & M. Kessler. 1996. Conserving the biological
diversity of Polylepis woodlands of the highlands of Peru
and Bolivia. Copenhagen.

Frimer, O., & S. Mceller Nielsen. 1989. The status of Po-
Iylepis forests and their avifauna in Cordillera Blanca,
Peru. Zoological Museum Copenhagen.

Fuchs, L. 1991. EinfluR der Art und Intensitit der Boden-
nuczung auf die Bodeneigenschaften im Alto Beni,
Bolivien. Diploma thesis, University of Gottingen.

Gurte, P, & G. Gurre. 1976. Exkursionsberichte. Vegeta-
tionskundlich-floristische Studien in Peru. Wiss. Z.
Univ. Leipzig, mach.-naturw. R. 25: 319-345.

Hensen, 1. 1991. El bosque de kewifia de Chorojo -;ejem-
plo de un sistema agrofo-restal andina sostenible?
AGRUCO, Universidad Mayor de San Simén, Cocha-
bamba, Bolivia.

Hensen, |. 1992a. La Flora de la comunidad Chorojo. Bos-
ques y Desarrollo 4: 26-30.

Hensen, 1. 1992b. La flora de la comunidad Chorojo. Su
uso, taxonomia cientffica y vernacular. AGRUCO, Se-
rie Tecnica 28, Cochabamba, Bolivia.

Hensen, 1. 1993. Vegerationsdkologische Untersuchungen
in Polylepis-Waldern der Ostkordillere Boliviens. Ph. D.
dissertation, University of Géttingen.

Hensen, 1. 1994. Estudios ecolégicos y fenolégicos sobre Po-
blepis besseri Hieron. en la Cordillera Oriental Bolivi-
ana. Ecologfa en Bolivia 23: 21-32.

Hensen, [. 1995. Die Vegetation von Polylepis-Wildern der
Ostkordillere Boliviens. Phytocoenologia 25: 235-277.

Herzog, T. 1910. Pflanzenformationen Ost-Boliviens. Pp.
246-305 in Engler, A. (ed.). Botanische Jahrbiicher 44.
Stuttgart.

Herzog, T. 1923. Die Pflanzenwelt der bolivianischen An-
den und ihres gstlichen Vorlandes. Die Vegetation der
Erde 15: 1-258.

Hueck, K. 1961. Drei bemerkenswerte Gebirgswaldtypen
aus den venezolanischen Anden. Jahrbuch des Vereins
zum Schuwze der Alpenpflanzen und -tiere 26: 94-99.

Hueck, K. 1962. Der Polylepis-Wald in den venezolanischen
Anden, eine Parallele zum mitteleuropiischen Lat-
schenwald. Angew. Pflanzensoz. 17: 57-75.

Ibarra, D. E. 1971. Prehistoria del Departamento de
Cochabamba. CORDECO, Cochabamba, Bolivia.
Ibisch, P 1993. Estudios de la vegetacién como una con-
tribucién a la caracterizacién ecolégica de la Provincia
de Arque (Bolivia). PROSANA, Cuaderno Cientifico

1, Cochabamba, Bolivia.

Jordan, E. 1983. Die Verbreitung von Polylepis-Bestinden
in der Westkordillere Boliviens. Tuexenia 3: 101-116.

Kessler, ].J., & H. Breman. 1991. The potential of agrofo-
restry to increase primary production in the Sahelian
and Sudanian zones of West Africa. Agroforestry Sys-
tems 13: 41-62.

202

Kessler, M., & P. Driesch. 1993. Causas e historia de bos-
ques altoandinos en Bolivia. Ecologfa en Bolivia 21:
1-18.

Kessler, M. 1995a. Polylepis-Wilder Boliviens: Taxa, Oko-
logie, Verbreitung und Geschichre. Diss. Bot. 246, Ber-
lin.

Kessler, M. 1995b. The genus Polylepss (Rosaceae) in Boli-
via. Candollea 50: 131-171.

Kessler, M., & 1. Hensen. 2001. ;Es hoy en dfa la designa-
cién formal de unidades fitosocioldgicas de vegetacién
un método adecuado en Bolivia? Ecologia en Bolivia
36: 71-72.

Koepcke, H.-W. 1961. Synéskologische Studien an der West-
seite der peruanischen Anden. Bonner Geographische
Abh. 29. Bonn.

Lazgaard, S. 1992. Influence of fire in the grass pdramo ve-
getation of Ecuador. Pp. 151-170 /n Balslev, H., & Lu-
teyn, J.L. (eds). Pdramo. An Andean ecosystem under
human influence. London.

Lauer, W., Rafigpoor, M. D., & . Theisen. 2001. Physio-
geographie, Vegeration und Syntaxonomie der Flora des
P4ramo de Papallacta (Ostkordillere Ecuador). Erdwis-
senschaftliche Forschung 39. Swurtgart.

Liberman, C. M. 1990. Estudio de un sistema agrosilvopa-
storil en la cordillera oriental andina de Bolivia. Pp.
95-124 in AGRUCO/PRATEC. Agroecologfa y saber
andino. Lima, Peru.

Mansilla, H.C.E. 1984. Nationale Identitir, gesellschaftli-
che Wahrnehmung natiirlicher Ressourcen und 8kolo-
gische Probleme in Bolivien. Beitriige zur Soziologie und
Sozialkunde Lateinamerikas 34. Miinchen.

Navia, M. 1991. Estudio agricola del sistema agroforestal
tradicional de la communidad de Chorojo, departa-
mento Cochabamba, gestién 89/90. AGRUCO, Uni-
versidad Mayor de San Simén, Cochabamba, Bolivia.

Otarola, A. 1987. Los sistemas agroforestales en los Andes
del Perti. Ministerio de Agricultura, Cusco, Peru.

OTS & CATIE (Organization for Tropical Studies & Cen-
ter for Tropical Agriculture and Tranining) 1986. Si-
stemas agroforestales. San José, Costa Rica.

Pampuch, T., & A. A. Echalar. 1987. Bolivien. Miinchen.

Pestalozzi, H.U. 1998. Flora ilustrada altoandina. Cocha-
bamba, Bolivia. }

Poore, M.E.D., & C. Fries. 1987. Efectos ecolégicos de los
cucaliptos. FAO, Rom.

Rauh, W. 1988. Tropische Hochgebirgspflanzen. Berlin.

Reynel, C., & F. Morales. 1987. Agroforesterfa tradicional
en los Andes del Perti. FAO Holanda-Infor, Lima, Peru.

Reynel, R.C., & J. Leon. 1990. Arboles y arbustos andinos
para agroforesterfa y conservacién de suelos. Proyecto
FAO/Holanda/DGFE Lima, Peru.

Richter, M., & W. Lauer. 1987. Pflanzenmorphologische
Merkmale der hygrischen Klimavielfalt in der Ost-Kor-
dillere Boliviens. Aachener geographische Arbeiten 19,
Aachen.



Rist, S., & J. San Martin. 1991. Agroecologfa y saber
campesino en la conservacién de suelos. AGRUCO,
Universidad Mayor de San Simén, Cochabamba,
Bolivia.

Romero, H. 1992. Agroforesterfa andina a 4000 metros:
kewifias en la vida de la communidad de Chorojo.
Rev. Agr. 19: 13-17.

Ruiz, L.H., & J. A. Pavon. 1794. Florae Peruvianae et Chi-
lensis Prodromus. Madrid.

Ruthsaz, B. 1977. Pflanzengesellschaften und ihre Lebens-
bedingungen in den Andinen Halbwiisten Nordwest-
Argentiniens. Diss. Bot. 39, Berlin, Stutcgart.

Ruthsatz, B. 1983. Der Einfluff des Menschen auf die Ve-
getation semiarider bis arider tropischer Hochgebirge
am Beispiel der Hochanden. Ber. Deutsch. Bot. Ges.
96: 535-576.

Schlaifer, M. 1990. Perspectivas de la agroforesteria en
Cochabamba — Bolivia. Programa de Desarrollo Fore-
stal Participatio en los Andes, Précticas agroforestales en
los Andes, Agroforesteria 1: 84-104

ANTHROPOGENIC ACTIVITY ON POLYLEPIS

Seibert, P2, & X. Menhofer 1991. Die Vegetation des Wohn-
gebietes der Kallawaya und des Hochlandes von Ulla-
Ulla in den bolivianischen Anden. Phytocoenologia 20:
145-276.

Simpson, B. 1979. A revision of the genus Polylepis (Rosa-
ceae: Sanguisorbeae). Smithsonian Contributions to
Botany 43, Washington.

Simpson, B. 1986. Speciation and specialization of Polylepis
in the Andes. Pp. 304-315 /n Vuillemier, F, & M.
Monasterio (eds.). High altitude tropical biogiography.
New York.

Troll, C. 1959. Die tropischen Gebirge. Ihre dreidimensio-
nale klimatische und pflanzengeographische Zonierung.
Bonner Geogr. Abh. 25: 1-93.

Walter, H., & E. Medina. 1969. Die Bodentemperatur als
ausschlaggebender Fakror fiir die Gliederung der sub-
alpinen und alpinen Stufe in den Anden Venezuelas.
Ber. D. Bot. Ges. 82: 275-281.

Weberbauer, A. 1911. Die Pflanzenwelt der peruanischen
Anden — in ihren Grundziigen dargestelle. Die Vegera-
tion der Erde 12 (reprinted 1976).

203



