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The savannization of moist forests in the Sierra Nevada de
Santa Marta, Colombia
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Abstract. In the Rio Rancherı́a watershed of the Sierra at the Rio Rancherı́a does not appear to be due to a change
in soil water status along a toposequence or differences inNevada de Santa Marta, between 500 and 1500 m, savanna
the underlying bedrock. We hypothesize that the savannasvegetation is interspersed with moist forests. The savannas
of the Rio Rancherı́a watershed, are the result ofare composed of native savanna grasses like Aristida
deforestation and land practices on infertile soils derivedadscensionis L., Arundinella sp., Panicum olyroides Kunth,
from granite. The savannization process was likely initiatedand Schyzachyrium microstachyum (Desv.) Roseng., Arrill
by Amerindians by means of the frequent use of fire or& Izag and the African Melinis minutiflora P. Beauv. There
clearing lands for the cultivation of maize. The introductionis also Curatella americana L. and Byrsonima crassifolia (L.)
of cattle by Spaniards (c. 1530) and the frequent use of fireH.B.K., two typical tree species of the neotropical savannas.
to maintain grazing fields, contributed to furtherAlthough moist forest patches occur more often on lower
degradation of the habitat. While some tropical landscapesslopes and narrow valley bottoms, they can also be found
recovered their forest cover when human pressure wason mid- and upper-slopes and less often on ridges. Thus,
removed approximately 500 years ago, areas such as thethese forest patches are not gallery forests as are found
Rio Rancherı́a watershed have suffered permanent damage.throughout the neotropics, but the result of deforestation
The savannas of this region are likely to remain unless fireand fractionation of a continuous forest. A comparison of
is suppressed and soil restoration practices implemented.soil profiles between the savannas and remnant forest

patches on the same slope, showed the disappearance of the Key words. Colombia, Curatella americana, fire, forest-
A and B horizons (approx. 50 cm) under savanna vegetation. savanna ecotones, historical land use change, savannas,

Sierra Nevada de Santa Marta, soil degradation.The sharp difference between the savanna and forest soils

(Anderson), T. plumosus (Humb. & Bonpl. Ex Willd) Nees,
INTRODUCTION

Sporobolus cubensis (A. Hitchc), and Elyonurus adustus
(Trin.) E. Ekman. The dominant tree species includeSavannas are a tropical ecosystem that occur in Central,
Curatella americana (L.), Byrsonima crassifolia (L.) H.B.K.,South America and the Caribbean (Beard, 1949, 1953;
Bowdichia virgiloides Humb., Bonpl. & Kunth, CaseariaCapote & Berazain, 1989), Africa (Huntley, 1982; Menaut
sylvestris Swartz, Palicourea rigida Bonpland & Kunth,& Cesar, 1982), South East Asia and Australia (Walker &
and Roupala complicata Bonpland & Kunth (Sarmiento &Gillison, 1982). The major savannas of South America
Monasterio, 1983). Plant species in savanna vegetation haveinclude the Colombian–Venezuelan llanos, the Brazilian
evolved a series of adaptations either to avoid or to toleratecerrados and the llanos Moxos in Bolivia (Sarmiento, 1983).
fire. These adaptations include a thick cork bark and theSeasonal savannas (sensu Sarmiento, 1983) are the most
capacity to sprout from underground organs (Coutinho,extensive savannas of northern South America. These
1982, 1990). Many herbaceous species are not only fire-savannas are characterized by an extended dry season (5–7
tolerant, but may be considered fire-dependent, since somemonths) when grasses die back making the savannas
of their vegetative and reproductive behavior depend onvulnerable to fire. During the rainy season, in contrast, the
the physical and chemical changes induced by firemajority of growth occurs. The dominant grasses include
(Coutinho, 1982; Sarmiento & Monasterio, 1983).Axonopus canescens (Nees) Kunth,, Trachypogon vestitus

The origin of tropical savannas has been debated for
more than a century (Humboldt, 1818). This debate has
focused on whether savannas are anthropogenic (Aubreville,∗Correspondence: Jaime Cavelier, Departamento de Ciencias Biológicas,
1947; Rawitscher, 1948) or natural in origin. SeveralUniversidad de los Andes, Carrera 1 No. 18A-70, Bogotá-Colombia, e-mail:

jcavelie@uniandes.edu.co. environmental variables have been postulated as key factors
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in the origin and maintenance of savannas. These include In the Rio Rancheria watershed on the north-east corner
of the Sierra Nevada de Santa Marta (SNSM), Colombiapaleo- and current-climate (i.e. Beard, 1949, 1953;

Sarmiento, 1968), soils (i.e. Waibel, 1948), anthropogenic (Fig. 1), savanna vegetation is interspersed within moist
forest. Savannas also occur on other watersheds on the dryfires (i.e. Parsons, 1955) and a combination of these factors

(Cole, 1960; Monasterio, 1971; Monasterio & Sarmiento, north-east flank of the SNSM (Bartels, 1984). Indians and
‘colonos’ of the region consider these areas as natural1971; Eiten, 1972; Sarmiento & Monasterio, 1975). Recent

studies on the ecophysiology of neotropical savanna plants, savannas because they have been present for generations
and form part of their folklore. We hypothesize that thestress the importance of fire, drought and infertile soils as

key components in understanding the origin and existence savannas of the Rio Rancherı́a watershed, between 500
and 1500 m, are anthropegenic. To test this hypothesis weof this ecosystem (Frost et al., 1986; Medina & Silva, 1990).

Palynological evidence suggests that savannas are indeed analysed: (1) past and present climate, (2) the distribution
of vegetation, (3) soil characteristics, and (4) land use history.a natural ecosystem (Wijmstra & van der Hammen, 1966;

Eden, 1974; van der Hammen, 1974, 1983). Recent pollen
data from the Amazon basin, show that savanna trees and

METHODS
grasses had locally replaced the rain forest during the late
Pleistocene, c. 22,000–13,000 yr  (van der Hammen & The study was conducted in the Rio Rancheria watershed

between 500 and 1500 m. This is the largest watershed ofAbsy, 1994) primarily as a result of a decline in rainfall
(500–1000 mm; van der Hammen & Absy, 1994). During the eastern flank of the Sierra Nevada de Santa Marta (Fig.

1). Climatic conditions in the study area were obtained fromthe late glacial and Holocene (i.e. c. 12,500 years ), rainfall
increased, resulting in higher forest cover (van der Hammen, the Hacienda el Pueblito weather station (585 m; 10° 59′N,

73° 07′W) and estimates of rainfall and temperature within1974; Flenley, 1979). As the distribution of tropical forests
expanded, savannas remained in areas of infertile soils this altitudinal gradient were determined using the equations

from Perez (1984). The climatic conditions of the study area(Kellman, 1989) with a seasonal climate that permits fires.
Soil charcoal studies from Central Amazon, suggest that during the Pleistocene were estimated assuming a 40%

reduction in mean annual rainfall, an average reduction infires have occurred during the past 6000 yr (Saldarriaga &
West, 1986; Sanford et al., 1985), coinciding with the drier 4°C for the temperature of the lowlands, and an adiabatic

lapse rate of 0.7 °C/100 m (van der Hammen, 1974; van derperiods of the Holocene (Absy, 1982). Thus, fire could
have retarded the invasion of forest in at least some areas Hammen & Absy, 1994).

The vegetation of the region was classified according todominated by savannas. If fires are suppressed, then forests
may invade savannas (Trapnell, 1959; Trapnell et al., 1976; the Holdridge Lifezone System (Holdridge et al., 1971) and

the limits within the study area were determined with aerialFrost & Robertson, 1987; Lonsdale & Braithwaite, 1991;
Braithwaite, 1996) even in areas of infertile soils photographs (1:40,000) and ground truthing. Within the

premontane moist forest zone, vegetation was sampled in(Blydenstein, 1963; San Jose & Fariñas, 1983, 1991). In the
last 3000 yrs, felling and burning of forests have led to a three forest patches (tree >2.5 dbh) and nine savannas

(grasses and woody species).new expansion of savannas (Wijmstra & van der Hammen,
1966) and secondary grasslands. Soil analyses were made in three forest patches and

nine savanna sites within the study area. These data wereDeforestation followed by intensive use of soils and fire
can transform tropical forests into savannas as in most of compared with data compiled by Sarmiento (1984) for forest

and savanna sites in Venezuela and Colombia. Additionalthe dry forests of Central America (Koonce & Gonzalez-
Caban, 1990). In this forest type, fire is a tool used to create observations of the forest/savanna boundary were made

throughout the region to determine if our results could beand maintain pastures and savannas in areas where native
vegetation has few or no adaptations to fire (Murphy & generalized within this lifezone.

To determine the land use history of Rio Rancherı́aLugo, 1986). This savannization process has been
documented in Nicaragua (Parsons, 1955; Taylor, 1963; watershed, we reviewed available anthropological,

archeological, and historical documents of this region. InAlexander, 1973) and Honduras (Johannessen, 1963).
Within South America, there are anthropogenic montane particular, we searched for evidence of occupation,

agriculture practices, use of fire, introduction of cattle, andgrasslands that are similar floristically and physionomically
to natural savannas (Table 1). These include areas of the descriptions of the vegetation.
Gran Pajonal in Peru (Scott, 1977) and the Caribbean
Cordillera in Venezuela (Tamayo, 1943; Vareschi, 1967). In

RESULTS
the Gran Pajonal, deforestation and the frequent use of fire
by the Campa Indians, transformed humid tropical forests

Climate
into savannas (Scott, 1977). Similarly, in the Caribbean
Cordillera in Venezuela, deforestation and the use of fire Mean annual rainfall (1971–1976) at Hacienda el Pueblito

weather station was 1486 mm. Rainfall is distributedby pre-Columbian Indians and colonos, transformed moist
forests into thorn woodlands and eventually into savannas bimodally, with peaks during May and October. During the

dry seasons (January–March and July) rainfall is less than(Tamayo, 1943; Vareschi, 1967). The open high altitude
grasslands of the Villa de Leyva-Raquira region on the 100 mm month-1 and pan-evaporation is higher than

rainfall. Mean annual temperature is 25°C with a meanEastern Andean Cordillera in Colombia (2000–2300 m), are
also of possible anthropogenic origin (Molano, 1990). monthly maximum of 27.6°C and a mean monthly minimum
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TABLE 1. Montane savannas, S (i.e. with trees like Curatella americana or Byrsonima crassifolia) and
grasslands, G (i.e. only grasses) in South America, of possible anthropogenic origin.

Location G/S Altitude (m) Reference

Colombia
Melgar, Cundinamarca S J.C. Pers. obs.
Neiva, Huila S J.C. Pers. obs.
Rio Rancherı́a watershed, Guajira S 500–1000 m This study
San Sebastian, SNSM S Bartels (1984)
Santa Rosa, Antioquia G J.C. Pers. obs.
Villa de Leyva, Boyaca G 2150–2300 m Molano (1990)
Anserna, Antioqiua G Parsons (1979)
Yolombo-Remedios, Antioquia G Parsons (1979)

Peru
Gran Pajonal S 1000–1200 m Scott (1977)

Venezuela
Cordillera de la Costa G ? 1500 m Vareschi (1967)

of 23.2°C. In the altitudinal range of 500–1500 m, where dominant tree species in the savannas are Curatella
americana L., Byrsonima crassifolia (L.) H.B.K., Miconiamost of the savannas occur, there are no weather stations.

Mean annual rainfall is unlikely to reach 2000 mm based rubiginosa (Bonpl.) Dc., and Cochlospermum vitifolium
(Willdenow) Sprengel (Table 2). With the exception of M.on the relationship between altitude and rainfall is unlikely

to reach 2000 mm based on the relationship between altitude rubiginosa, all tree species are typical of the
Colombian–Venezuelan savannas (Sarmiento, 1983).and rainfall for three climate stations on this slope of

the Sierra Nevada de Santa Marta (Perez, 1984). In this In the montane environment of this part of the Rio
Rancherı́a watershed it is still possible to see the process ofaltitudinal range, mean annual temperature would vary

between 19°C and 25°C, assuming an air temperature lapse converting moist forest into savanna. First, forest patches
are felled and burned to prepare land for cultivation (Fig.rate of 0.6°C/100 m (Perez, 1984). Based on these climatic

conditions the vegetation of this area corresponds to a 3). If these areas are used for only a short period then forest
should recover. It is more common for these areas to bepremontane moist forest (Holdridge et al., 1971). For the

study area (500–1500 m), rainfall and temperature during felled and burned through repeated cycles resulting in soil
degradation and creation of a mosaic of forest secondarythe Pleistocene were estimated to be approximately 902 mm/

year and 13.5–30.5°C. These climatic conditions would have growth, fern dominated sites, and savannas (Fig. 4). Forest
are also eliminated along ridges, because Indians andresulted, not in a moist forest as in the present, but in

premontane and lower montane dry forests. ‘colonos’ use them as trails and keep them open with
frequent fires (Fig. 5). These different uses of fire eliminates
secondary forest, increases the areas dominated by savanna

Vegetation
grasses and trees, and sharpens the forest–savanna boundary
(Fig. 6). The continued use of fire (e.g. for the productionGiven the current climatic conditions in the study site, the

Holdridge et al. (1971) classification system predicts lowland of tender grass) will reduce the size of the forest patches
and restrict their distribution to narrow valley bottomsdry forest below 500 m, premontane moist forest between

500–1500 m, and lower montane moist forest from 1500 to where they are eventually eliminated. Although forests
patches occur more often on lower slopes and narrow valley2500 m (Fig. 2). Aerial photographs and ground truthing

have verified this distribution of these vegetation types. The bottoms, they also occur on mid- and upper-slopes and less
often on ridges, and thus, they should not be consideredmajor exception to this pattern is that seasonal savannas

(sensu Sarmiento, 1984) occur in all three lifezones and are gallery forests as in the Llanos of Colombia and Venezuela.
The final result of this process is the occurrence of savannaparticularly abundant within premontane moist forest. The

largest savanna, ‘Sabanas de Joaquina’, covers vegetation in all topographic positions (i.e. ridges, slopes
and stream valley-bottoms; Fig. 7).approximately 25% of this lifezone (Fig. 2). The woody

species present in the remaining forest patches are mostly
evergreen or semi-evergreen (Appendix 1) and not deciduous
species associated with the drier climate of savannas. Soils

The savannas are composed of native grasses (Aristida
adscensionis L., Arundinella sp., Panicum olyroides Kunth, The savanna soils of the Rio Rancherı́a have very low levels

of nutrients, similar to those found in the soils of theand Schyzachyrium microstachyum (Desv.) Roseng., Arrill &
Izag and the African Melinis minutiflora P. Beauv. (Molano, savannas of the Orinoco River in Colombia and Venezuela.

Chemical analysis of surface soils (0–25 cm) of the savannas1992) (Table 2). The native grasses coexist on nutrient poor
sites and the introduced M. minutiflora dominates relatively at the Rio Rancherı́a showed that cation exchange capacity,

potassium and calcium concentrations are not significantlyrich soils in areas recently converted to savannas. The
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FIG. 1. Location of Rio Rancherı́a upper watershed in the north-east corner of the Sierra Nevada de Santa Marta,
along the Caribbean coast of Colombia, South America.

different from those in soils of neotropical seasonal savannas Landuse
(Table 3). Similarly, forest soils at the SNSM were similar

Pre-Columbian times. By the time of the arrival of the
to average values for lowland rain forests in Colombia and

Spaniards at the Caribbean coast of Colombia (1501–1502),
Venezuela (Table 3). A comparison of soil profiles between

the lower foothills of the Sierra Nevada de Santa Marta
the savannas and remnant forest patches occurring on the

were heavily populated and there were extensive agricultural
same slope, showed the disappearance of approximately

fields (Castellanos, 1955). The land was cultivated using
50 cm of soil under savanna vegetation (Aide & Cavelier,

two basic systems: extensive maize fields (Simon, 1953) and
1994. Most of the savanna vegetation in the region grows

mixed plantations including fruit trees, cassava (Manihot
on granite saprolite that is found underneath the organic

spp.), beans (Phaseolus spp.), ahuyama (Cucurbita maxima),
horizons of the forest soils (Fig. 8). These nutrient poor

aji (Capsicum frutescens) and sweet potato (Ipomoea batatas)
soils are probable the result of hundreds of years of

(Herrera, 1985). The Aruhaco Indians inhabited the upper
degradation. In contrast, areas that have been recently

Rio Rancherı́a watershed and their principal crop was maize
cleared and have relatively higher levels of soil nutrients

(Reichel-Dolmatoff, 1951). Cultivation would have required
are dominated by the African grass M. minutiflora.
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TABLE 2. Grass and tree species found in the savannas of the Rio Rancheria watershed.

Species Families

Grasses (Poaceae)
Aristida adscensionis L.
Aristida recurvata Kunth
Arundinella hispida (Humb. & Bonpl. Ex Willd) Kuntze
Arundinella sp.
Axonopus aureus P. Beauv.
Chloris inflata Link
Eragrostis ciliaris (L.) Nees
Melinis minutiflora P. Bereuv.
Panicum olyroides Kunth
Paspalum contractum Pilger
Schyzachyrium microstachyum (Desv.) Roseng., Arrill & Izag

Trees
Curatella americana L. Dilleniaceae
Cochlospermum vitifolium (Willdenow) Sprengel Cochlospermaceae
Byrsonima crassifolia (L.) H.B.K. Malphigiaceae
Genipa americana (L.). Rubiaceae
Miconia rubiginosa (Bonpl.) Dc. Melastomataceae
Xylopia aromatica (Lam.) Mart. Anonaceae

small to medium scale deforestation as reported in Central
America (Alcorn, 1993). Because the Rancherı́a watershed
is drier than the north slope of the SNSM because of a rain
shadow, maize fields are likely to have been more extensive
here. In addition, the wide valley of the Rio Rancheria
watershed was suitable for large scale cultivation without
terracing. By the beginning of the 16th century, there were
large areas of grasslands, and forests were limited to steep
slopes (Reichel-Dolmatoff, 1947; Patiño, 1983).

Spanish conquest. In 1528–1529, Pedro de Badillo led the
first Spanish expedition to the east flank of the SNSM
(FPNSM, 1991). By 1530, Spaniards began to colonize the
region to take advantage of agricultural lands. The presence
of the Spaniards caused high mortality of Amerindians due
to battles and diseases (Reichel-Dolmatoff, 1947, 1951;
Linero, 1946). The surviving Amerindians abandoned
agricultural fields and migrated to higher elevations within
the Sierra. In some areas, as in the moist Rio Buritaca
watershed, native vegetation recovered and the area is now
covered with a 500 yr old forest (Gentry, 1992). In contrast,
the areas on the eastern drier slopes continued to be used
by the Spaniards and are now covered by a mosaic of forests
patches and savannas. The preferential recovery of forest
on more fertile and wetter soils and the dominance of
savannas on infertile and drier soils has also been observed
in Central America (Kellman, 1989).

A major change in the land use history of the region was
the introduction of cattle by the Spaniards. In 1550, La
Ciudad de los Reyes del Valle de Upar (Valledupar) was

FIG. 3. An area of moist forest after being founded and was a centre for cattle ranching due to the
cut and burned. It takes several cutting- and existence of extensive savannas (Patiño, 1983). During the
burning cycles to transform a moist forest

17th and 18th centuries, cattle ranching continued to be theinto a savanna. The last forest patches to be
major economic activity of the region (FPSNSM, 1991).converted to savannas are those in narrow

valley bottoms (see background of photo), Amerindians also began grazing cattle after the arrival of
probably because of higher soil water content. the Spaniard (Granados, 1980; Herrera, 1985), which would

have contributed to degradation of land at higher elevations.
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FIG. 4. Savanna-secondary growth boundary at ca. 900 m on Quebrada Valencia, a tributary of Rio Rancherı́a. In the
upper part of the mountain there are savannas (and even a small forest patch), and in the lower part, a mixture of
mature and secondary moist forest of different ages. There are also small savanna patches and areas dominated by
ferns. Several felling and burning cycles are required to transform a forest patch into a savanna and to sharpen the
forest-savanna boundary.

FIG. 5. Forests tend to disappear faster on FIG. 6. Savanna vegetation on a slope of
Quebrada Valencia watershed, a tributary ofridges, probably because they are drier and

have shallower soils, and because Indians and Rio Rancherı́a. The savanna vegetation of the
lower slope is abruptly interrupted by a patch‘Colonos’ use them as trails and keep them

open with frequent fires. Notice the moist of moist forest. Observe that all trees are
evergreen and the sharp limit between theforest patches covering adjacent 30–50 m long

slopes. forest and the savanna.
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FIG. 7. Landscape of the foothills of the Sierra Nevada de Santa Marta at approximately 800 m. In this site, savanna
vegetation dominates ridges, slopes and even narrow valley-bottoms.

TABLE 3. Comparison of soil chemical characteristics between savanna and forest soils at the
Sierra Nevada de Santa Marta (SNSM) and savannas and forests in the Colombian and Venezuelan
Llanos. Data for Colombia and Venezuela was compiled by Sarmiento (1984).

CEC K Ca B.S

(meq/100 g) (%)

Savannas (SNSM; n=9) 9.8 0.01 1.64 33.0
Savannas (Colombia+Venezuela; n=182) 9.3 0.16 0.83 20.5

Forests (SNSM; n=3) 14.7 0.74 4.74 59.0
Forests (Colombia+Venezuela; n=85) 10.5 0.29 4.10 49.0

During the second half of the 19th century, new ‘Haciendas’ because the two vegetation types can occur at the same
altitude on the same slope. Soil differences are not the resultwere founded around San Juan del Cesar and mid-Rio

Rancheria watershed (FPSNSM, 1991). Four hundred years of differences in the underlying geology as reported in Brazil
(Furley, 1992), because the bed rock (granite) is the sameof cattle ranching helped maintain savannas and caused

further deforestation in the Rio Rancherı́a watershed. for both forest and savannas.
The savannas of the Rio Rancheria occur on steep and

20th century. During the 20th century, the Rio Rancherı́a long slopes (Figs 3–7), a rare topographical position for the
development of this vegetation. Savannas occur for thewatershed produced coffee (1910), sugar cane (1910),

tobacco (1920’s), cannabis (1970’s–1980’s), and poppies for most part on old and weathered plains that result from
geomorphologic processes over millions of years (Cole,heroin production (1990’s) (FPSNSM, 1991).
1986). Savannas are usually associated with relatively flat
terrain, even when related to montane ecosystems such as

DISCUSSION
Quaternary terraces of the foothills of the Colombian and
Venezuelan Andes (Blydenstein, 1967).The sharp boundaries between the savannas and forests in

the study area similar to other savanna sites of possible We believe that the severe erosion of the soils of the
savannas of the Rio Rancheria watershed is the resultanthropogenic origin (Longman & Jenik, 1992). Examples

of this sharp boundary include: the Gran Pajonal in Peru of landuse practices, particularly the repeated felling and
burning of vegetation and the introduction of cattle on low(Scott, 1977), the northern Amazonian moist forest in

Colombia (Etter, 1993), and the savannas of Nicaragua fertility soils derived from granite, a key factor for the
creation and maintenance of tropical savannas (Medina &(Parsons, 1955; Taylor, 1963; Alexander, 1973) and

Honduras (Johannessen, 1963). The sharp differences Silva, 1990; Solbrig, 1996).
In South America, fire was used as a tool by Amerindiansbetween the savanna and forest soils at the Rio Rancherı́a

are not the result of water status of the soil along for at least 6000 yr (Saldarriaga & West, 1986; Sanford et
al., 1985). For the SNSM in particular, radiocarbon datingtoposequences as reported in Belize (Furley, 1974a,b, 1976),
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years, suggesting that the savannas have been present in
this region for a long time.

Archeological evidence of the lower course of Rio
Rancherı́a, indicates that the increased aridity and soil
erosion in this region, may have been related to deforestation
and periodic burning by the Tairona chiefdoms of the upper
Sierra (Reichel-Dolmatoff & Reichel-Dolmatoff, 1951). The
subsequent land use practices employed by the Spaniards,
led to further degradation of the area and the creation or
maintenance of the savannas (Bray, 1995).

There is no evidence that natural savannas can occur
within moist forests except on very poor soils or in areas that
are seasonally flooded (hyperseasonal savannas; Sarmiento,
1984). Although the soils of the Rio Rancherı́a savannas
are very infertile and similar to the soils of the
Colombian–Venezuelan llanos, the low fertility is a result of
deforestation and land practices. The savannization process
was likely initiated by Amerindians who frequently used
fire for clearing agricultural lands for the cultivation of
maize. The introduction of cattle by Spaniards (1530) and
the frequent use of fire to maintain grazing lands contributed
to further degradation of the habitat. Continued use of fire
since colonial times to maintain fresh grasses and
agricultural lands has helped to maintain these savannas.
In some areas, tropical forests have recovered after human
pressure was removed approximately 500 years ago, as in
the case of the Rio Buritaca watershed on the north-west
corner of the Sierra (Herrera, 1985; Gentry, 1992) and inFIG. 8. Savanna grasses growing on top of
the tropical forest of the Darien region (Bush & Colinvaux,saprolite. In this site, severe surface soil
1994) other areas such as the Rio Rancherı́a mid- and lower-erosion resulted in the total loss of organic
valleys, have suffered permanent damage. The savannas ofsoils.
this region are likely to stay unles fire is suppressed and
soil restoration practices are implemented.

of soil charcoal shows that the use of fire by Amerindians
in the Rio Buritaca watershed (north-west corner of the ACKNOWLEDGMENTS
Sierra) began at least 3380+/−140 yr ago (Herrera, 1985).
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anthropogenic influences on the landscape of Colombia. con la sociedad occidental. Tesis de licenciatura, Universidad de
Archaeology in the lowland American tropics (ed. P.W. Stahl), los Andes, Bogotá.
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APPENDIX 1. List of tree species more than 2.5 cm dbh found in three forest patches (0.1, 0.4
and 3.3 ha) in the Rio Rancheria watershed. The symbols represent that the species can be found
in moist (Χ) dry (Β) or moist- and dry-forests (Χ/Β) according to Croat (1978) and Holdridge
et al. (1971).

Family Scientific name

Anacardiaceae Anacardium excelsum Skeels (Χ/Β)
Toxicodendron striatum (R. & P.) Kuntze (Χ/Β)

Annonaceae Xilopia aromatica (Lamarck) C. Martin (Β/Χ)
Araliaceae Dendropanax arboreus (L.) Decaisne & Planchon (Χ)
Bombacaceae Pachira quinata (Jacq.) Alverson (Χ)
Boraginaceae Cordia curassavica (Jacq.) Roemer & Shultes (Χ/Β)
Burseraceae Protium neglectum Swart. (Χ)
Caesalpinioideae Cassia fruticosa Miller (Χ)
Cochlospermaceae Cochlospermum vitifolium (Willd.) Spr. Cult. (Β/Χ)
Chrysobalanaceae Hirtella americana L. (Χ/Β)

Parinari pachyphylla Rusby
Dilleniaceae Davilla nitida (M. Vahl) Kubitzki (Χ)
Euphorbiaceae Acalypha diversifolia Jacquin (Χ)

Pera arborea Mutis
Tetrorchidium boyacanum Croizat

Flacourtiaceae Neosprucea sp. (Χ)
Guttiferae Clusia rosea Jacq. (Χ)

Clusia multiflora Kunth
Vismia baccifera (L.). Triana & Planchon (Β/Χ)

Lauraceae Cinnamomum cinnamomifolium (H.B.K.) Kostermans
Persea caerulea (R. & P.) Mez (Χ)

Mimosoideae Inga sp. (Χ)
Melastomataceae Clidemia rubra (Aublet) Martius (Χ)

Conostegia icosandra (SW.) Urb. (Χ)
Miconia prasida (Swartz) D.C. (Χ)

Meliaceae Guarea guidonia (L.) Sleumer (Χ)
Moraceae Cecropia peltata L. (Χ)

Ficus obtusifolia H.B.K. (Χ)
Myrsinaceae Parathesis serrulata (SW) Mez (Χ)
Myrtaceae Eugenia procera (SW.) Poir (Χ)

Psidium caudatum McVaugh (Χ)
Papilionoideae Lonchocarpus sp. (Χ)
Piperaceae Piper aduncum L.

Piper asperum
Rubiaceae Psychotria horizontalis Swartz (Β/Χ)

Rondeletia colombiana Rusby
Rutaceae Zanthoxylum rhoifolium Lamarck (Β)
Sapindaceae Cupania americana L. (Χ)
Solanaceae Cestrum megalophyllum Dunal (Χ)
Tiliaceae Luehea seemanni Triana & Planchon (Χ)
Ulmaceae Trema micrantha (L.) Blume (Β/Χ)
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