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PREFACE 

The research upon which this dissertation is based was carried 

out in Colombia, South America, as part of a larger resources survey 

covering soils, vegetation, livestock, hydrology and economics. 

The work was carried out under a program financed jointly by 

the United Nations Special Fund and the Colombian government and ma

naged by the Food and Agriculture Organization of the United Nations, 

of which last organization the author was a field officer during 

this study. The scientific team of the program included two soil 

surveyors, one specialist in phot©interpretation as applied to soil 

survey, one livestock specialist, and the author as a specialist on 

tropical grasslands. In addition, several consultants on economics 

and hydrology were available at various periods during the course of 

the program and a number of Colombian counterpart personnel were at

tached to the project throughout its duration. 

The author wishes to acknowledge the encouragement and assist

ance received from ci.Ll team members during his investigations, which 

made it possible to correlate the many facets of the environment with 

the vegetation development. I especially wish to thank Mr. Jaime 

Rivera, botanist as assistant to the savanna survey program; Mr. 

German Clavijo, forester in charge of the forest survey; and Mr. 

Carlos Saravia, visiting ecologist, all of whom were especially 

helpful in the vegetation survey. 
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ABSTRACT 

During 1963-5^ a vegetation survey was made of the tropical 

savanna vegetation of the Llanos Orientales, a large level region 

in eastern Colombia, South America. As the vegetation survey was. 

part of a larger general resources survey of this region, much ad

ditional information on other environmental aspects besides vege

tation was available to the author. 

The climate of the study region was a typical tropical viet and 

dry climate with a dry season which lasted from one to four months 

and a total yearly precipitation between 1700 and 4000 mm. Tem

peratures were uniform throughout the year with an average of 

about 25° C. 

The llanos region forms a giant geosyncline, filled with 

various alluvial and possibly aeolian materials. On the basis of 

geomorphology, a total of six natural regions have been recognized 

within the study area. The topography in general was flat, but 

some dissected areas with more hilly topography were also included. 

The soils of the study area were generally of low fertility 

because of excessive leaching. No other generalities could be 

given about the soils, however, and all classes of texture and 

drainage were encountered. 

The vegetation study relied heavily on the use of aerial 

photographs and photointerpretati <~>n to provide as complete a 
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coverage as possible of the large area to be surveyed. Besides 

describing and classifying savanna types, the vegetation of the 

study area was mapped with the use of larger units called habitat 

types. 

A total of ten savanna types were recognized and separated 

into: 1) savannas with relict forests, 2) inundable savannas, 

3) humid savannas and k) dry savannas. In addition, four spe

cialized vegetation types and six forest types were encountered; 

the forest types were described in a separate survey. The savanna 

types could be arranged along a gradient of increasing humidity, 

and only the three savanna types in the group with forest relicts 

fell completely outside of this gradient. 

The habitat types used as mapping units were characterized by 

distinctive combinations of vegetation types with topographical 

and edaphic features. Within each habitat type these combinations 

occurred in a repeating pattern, and the extent of this pattern 

could be mapped with the aid of aerial photographs. A total of 

26 habitat types were recognized within the study area. 

After the factual presentation of the vegetation types en

countered and their location in the study area, the interrelations 

between the environmental factors and the vegetation are discussed. 

The wealth of new data collected by the resources survey were used 

to test the various theories on tropical savanna origin put forward 

by different authors. 



This author came to the conclusion that many of these 

theories are valid, but only within the limited context of the 

data on which they were based. The tropical savanna is too 

varied to allow generalizations based on limited studies of re

stricted areas. The conclusions put forward by the author only 

apply to the tropics of the American continent, and specifically 

the Llanos region. 



INTRODUCTION 

From March 1963 to May 196'+, the writer had the opportunity 

to survey the vegetation of the Llanos Orientales region of Co

lombia, South America, as part of a wider survey of the natural 

resources of that area. 

The general vegetation of the study area was tropical savan

na, although some extensive areas of forest were also encountered. 

A forest survey was carried out independently under the guidance 

of a forester and no detailed information on the forest vegeta

tion of the study area is given in this report. 

The savanna vegetation was described and classified on a 

floristic basis, using species composition and distribution as a 

principal character. Notes were also made on vegetation structure 

and possible successional developments under grazin, to provide 

a factual basis for planning a program in range management devel

opment and further investigation. 

In mapping the vegetation, larger units were used, character

ized by distinctive combinations of vegetation, topography and 

soils called habitat types. 

The wealth of new data on tropical South American savannas 

and their environment, provided by the complete resources survey, 

formed the basic for a reviev/ of the various theories on savanna 

origin presented in the concluding: section of this dissertation. 
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LOCATION 

The study was carried out in the northeastern part of Co

lombia and covered an area of approximately twelve million hec

tares or 'f5j000 square miles, roughly rectangular in shape, 300 

miles long and 150 miles wide. 

To the north it was limited by the international boundary 

between Colombia and Venezuela along the Arauca river and sloping 

down to the Meta river. To the v/est, the base of the Cordillera 

Oriental of the Andes mountains formed a natural boundary and to 

the south the Guejar and Guaviare rivers bounded the area. The 

eastern boundary was an arbitrary line drawn from the point where 

the Venezuelan-Colombian border meets the Meta river, in a south

westerly direction to a point on the Guaviare river, a little 

east of San Jose de Guaviare. (For a small-scale map of the study 

area see figs 1 and J>). 

The study area included about sixty percent of the Llanos 

Orientales in Colombia and about 25 percent of the total llanos 

region in northern South America and represented the southv/estern 

part of this region. Almost all of the important natural regions 

found in the Colombian part of the llanos were included in the 

study area. 

Access to the study area was through two points only, the main 

entrance through Villavicencio and a secondary entrance near Yopal. 

About 120 miles of all-weather road connected Villavicencio with 

Puerto Lopez to the east and San Martin to the south. The 
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remaining road system consisted of unimproved dirt roads con

necting the few widely scattered towns in the region. The routes 

followed by the field expeditions are shown on the map of fig. 1, 

while a complete list of expeditions is presented in appendix 3® 
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LITERATURE REVIEW 

The literature reviewed in this section deals with obser

vations on the vegetation of the Colombian llanos made by dif

ferent authors during various trips in the region. Some of these 

expeditions were not made primarily for botanical exploration, 

and almost all of them were made during the dry season, the time 

of the year when plant development is at a minimum. The liter

ature supporting other aspects of the environment: geology, 

climate or soils, is discussed in the appropriate sections. 

One of the first modern attempts to classify the natural 

vegetation resources of Colombia was made by Dugand (19^5)* but 

in his publication the llanos are merely described as "immense 

grassy savannas" without any more detail. Rosevaere (19^8) did 

not give much more information on the vegetation of the Colombian 

llanos in his review of the grasslands of Latin America. 

Bates (19^8) published an interesting article on the vege

tation of the Villavicencio region. Although he mentions no spe

cies composition for the vegetation types encountered, his sketch 

map and the statement that "the savannas begin 15 to 20 km out 

from the mountain front" have historical significance now that 

most of the forest has been cleared in this area. He recognized 

four grassland types based on landscape features: serranxa, bajos, 

esteros and surales (sic). These terms translate roughly as hills, 

lowland, floodplains and hummocky land. 
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Beard (1953) reviewed the savanna vegetation of northern tro

pical America without giving much additional information on the 

Colombian llanos, although parts of the Venezuelan llanos are 

treated quite extensively# 

The most detailed account of the vegetation of the Colombian 

llanos came from Cuatrecasas (195^), who lists many species col

lected from several sites* He observed that "one can distinguish 

in the savanna many associations generally related to edaphic 

factors, partly as a function of the permeability of the terrain", 

but no further details on such associations are given. As his 

visits took place in the dry season, when many of the shrubby and 

tree species were in bloom, these were emphasized in his collections 

and many of the more dominant grass species were" lacking in the 

listings# 

A recent vegetation map of Colombia (Espinal and Montenegro 

1963) classified the vegetation of this country by the system of 

Holdridge (19^7) on a climatic basis. This resulted in most of the 

llanos falling under the classification of dry tropical forest, with 

a strip of humid tropical forest along the base of the Andes. The 

descriptive material in the accompanying text dismissed the llanos 

vegetation with 36 words and a list of 11 collected species from 

one siteo 

The vegetation of the Venezuelan llanos, which is an extension 

of the Colombian llanos, has been studied in more detail, starting 
/ 

with descriptions by Myers (1933) and Pittier (19^2) and continuing 

with studies by Beard (1953)t Ramia (1957, 195&), Consejo de 
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Bienestar Rural (1961), Blydenstein (1962) and others. Vegetation 

and soil maps of the states of Guarico, Barinas and Apure are 

available (Consejo Bienestar Rural 1955, 1957, 1958). 

The main fact that stands out from these published studies 

is that the vegetation of the llanos is very variable« Pittier 

summarizes this aspect very well in the following words (trans

lated from the Spanish original): 

But in reality there is no uniformity in the (llanos) 
region: its topography is very varied and rangec; from 
altitudes of less than a hundred meters on the one hand 
to over three hundred meters on the other; <>. • its plant 
cover changes from place to place: there are vast sa
vannas almost bare of trees, there more or less dense 
rainforests or groups of trees which arise in the midst 
of great meadow lands; gallery forests, now veritable 
forest with the most varied vegetation, now reduced to 
narrow strips of palm grove. The aspect of the llanos 
also varies with the season; in summer one can travel 
without difficulty hundreds of kilometers over the savan
nas, which in winter may be obstructed by water channels, 
lakes or impenetrable marshes# 

(Pittier (19^2, p» 198), translated by author) 



ENVIRONMENT 

The total environment of a region can be divided into four 

parts: climate, geology and geomorphology, soils, and biotic 

influences, the last including vegetation. As the vegetation will 

be described in detail in this report, it has been excluded from 

the summarized information presented in this section. The reader 

is recommended to use the map on page 1*f for location of place 

names used. 

Climate 

A total of nine meteorological stations within the study 

area had data for periods varying in length from one to 22 years. 

Seven of these stations had records for five years or more, but 

some of the longer records were for interrupted periods with inter

mediate years missing. 

Precipitation records were available from all nine stations, 

temperature data from eight stations, evaporation data from two 

stations and wind velocity and direction from one station only» 

Some of the records were published by Mejia (1959) and all were 

checked by the author with the original station reports deposited 

at the Instituto Geografico Augustin Codazzi in Bogota. Graphs of 

the precipitation and temperature data are presented'in fig. 2. 
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For three stations within the study region; Arauca, Orocue 

and Villavicencio, accumulated temperature data for more than seven 

years were available. As characteristic in tropical climates, the 

average monthly temperatures were very uniform throughout the year, 

with a difference of only 1,1 to 2.3° C between the warmest and 

coldest montho At Orocue, the more centrally located station, the 

yearly average was 2° C higher than at the other two stations# 

The major temperature fluctuations occur in a daily pattern 

and exceed the yearly fluctuations. The maximum average daily 

temperatures at the three stations mentioned were recorded at the 

start of the rainy season in March and April, and reached 31 «2 to 

33ok° C. The lowest average daily temperatures occurred at the 

start of the dry season, when strong trade winds and high humidity 

create conditions of high actual evaporation. The minima recorded 

varied between 20o9 and 22.8° C. 

The dry trade winds, blowing from the northeast towards the 

tropical convergence, were a dependable feature of the climate 

during the dry season0 Wind data available from the only station 

within the study area were not very reliable and represented only 

a short periodo More readily available data from the Venezuelan 

llanos (Sanchez Carrillo 1960) showed a predominant wind direction 

from the east northeast, blowing at an average velocity of k m/sec. 

Fire tracks visible on aerial photographs in many parts of the Co

lombian llanos showed the same general direction, indicating that 

at least during the dry season these trade winds reached the southern

most parts of the study area* 
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Precipitation data were more abundant in the study area and 

all nine stations had records of more than five years duration, 

except San Jose de Guaviare. Within the study area, rainfall in

creased in a general westward direction, with a sharp rise occurring 

near the foot of the Andes* The driest station was Orocue, with an 

average annual rainfall of 1733 mm. This increased to 2389 mm at 

Yopal, 4360 mm at Villavicencio and 5520 mm at Acacias, all sta

tions located along the foot of the Andes# 

The rainy season coincides with the advance of the tropical 

convergence as the sun moves north. In the southern part of the 

Colombian llanos it starts in February, and it reaches Arauca on 

the Colombian-Venezuelan border in May0 From 90 to 95 percent of 

the total annual rainfall occurs in this rainy season. The end of 

the rainy season is more uniform throughout the whole study area, 

occurring from the second half of November into December. Thus the 

dry season lasts from one to four months. 

Relative humidity, as measured at two stations, was high 

during the rainy season,reaching an average of 80 percent, with 

maxima close to 100 percent early in the mornings. During the dry 

season relative humidity fluctuated between 50 and. 60 percent. 

In summary, the climate of the llanos region was a tropical 

climate with well-defined seasons based on precipitation. According 

to Koeppen (195**) it can be classified as Aw, or savanna climate. 

The system of Koeppe (1958) would classify it as a tropical wet and 
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dry climate| while on the basis of the system of Papadakis (1961) 

it would be an equatorial monsonic climate EqMO, with maximum tem

peratures in all months below ^3»5° C and with one or more dry months. 

Geology and Geomorphology 

The llanos region of Colombia and Venezuela forms a giant 

geosyncline between the Guayana shield and the more recent Andes 

mountains (Lyddle 1928). Oppenheim (19^2) postulated that, with the 

first uplift of the Andes in the Tertiary, part of the adjacent 

Guayana shield subsided between a series of faults and was sub

sequently covered by sediments from the eroding Andes chain. 

The final uplift of the Andes did not occur until the Pleisto

cene (Hubach 195*0 • This uplift was accompanied by a new fault 

system located along the foot of the Andes and along the present 

course of the Meta rivero 

On the basis of geomorphology, the study region was subdivided 

into six natural regions by Goosen and the staff of the resources 

survey (UNSF 1964, vol. I). Along the mountains a series of coarse 

debris and recent alluvial fans formed a narrow piedmont region. 

Further south, a large number of closely-spaced rivers deposited and 

eroded a series of alluvial terraces to form the alluvial terraces 

region between Restrepo and San Martin, extending eastward as far as 

Puerto Lopez. 
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The large subsidence between the Andes and the Meta river was 

filled by alluvial deposits during the period of glaciation of the 

Andes, forming the alluvial overflow plain with a typical pattern 

of raised natural levees and shallow depressed basins. During the 

period of drier climate which followed glaciation (Royo and Gomez 

1960), large dune complexes were formed from the sands of the ex

posed beaches of the larger rivers, and the eastern part of the al

luvial overflow plain and part of the high plains east of the Meta 

river were covered by loessal deposits, forming the aeolian plain* 

The oldest region was the high plain region, found east and 

south of the Meta river# It was formed by the original deposits 

which covered the first subsidence of the Guayana shield. Part of 

these high plains have been deeply eroded with the lowering of the 

erosion base determined by the Orinoco river and only some narrow 

strips along the Meta river remain as level high plain. 

The youngest region was the alluvial floodplains region, still 

in formation along the major rivers, which are constantly depositing 

new sediments along their meandering courseso 

Soils 

As the resources survey was primarily a soil survey, much 

detailed information on the soils of the study area was available 

to the author during hie vegetation studieso As the author did not 

participate directly with the soil survey, only those data pertinent 

to the vegetation descriptions are given hereo More detailed 
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information can be found in the survey reports (UNSF . In 

appendix the soil profile descriptions of sixteen selected soil 

seriesi mentioned in this text, are given. The soil survey fol

lowed the guidelines laid out by the 7th Approximation of soil 

classification by the USDA Soil Survey Staff (1960). 

In general, it was found that the soils of the study area were 

low in fertility with low base saturation and low phosphorus content* 

The soils were also acid in reaction, with a pH ranging from 3o8 

to 5«8» and a median value of An exception to this general 

rule were the more recent alluvial soils of the river floodplains 

and some soils of the alluvial terraces and recent alluvial fans 

which, because of their more recent formation, were less leached and 

had a fair to medium base exchange capacity, although still remaining 

low in phosphorus. 

All textural classes were encountered, ranging from coarse sands 

to fine clays, although the finer textures predominated because of 

high meteorization rates and alluvial origins. Drainage also varied 

through all possible classes, from excessively drained to very poorly 

drained. In the predominantly level landscape, small-scale external 

drainage variations caused by slight rises or depressions were 

emphasized, but internal drainage characteristics were the most im

portant in determining regional drainage patterns. 

Soil horizons often showed the characteristic effects of the 

tropical environment and level reflief under which they developed, 
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with iron concretions or ferruginous hardpans, excessive leaching 

and oxidation, mottling, poorly drained organic horizons, gley-

zation and other effects of impeded drainageo 

Biotic Influences 

Outside of vegetation, the biotic influences considered 

included wild and domestic animals and man. 

Bates (19^8) mentioned the apparent absence of specially 

adapted wildlife in the savanna as a possible indication of the 

recent formation of this vegetation type, not enough time having 

elapsed to allow for the evolution of specialized fauna. Although 

there is an apparent absence of modern large herbivores in the sa

vanna, there are other specially adapted animals in this region; 

among these we can count the chiguirre, a large rodent living in 

swamps, the large anteater, the numerous waterfowl and other bird-

life. The wildlife of the llanos is still little-known, however. 

Domesticated livestock were introduced by the Spaniards in the 

beginning of the 16th centuryo The number of head has varied much 

since that date and even now no accurate statistics are available. 

Estimates vary from one to three million head of cattle in the whole 

of the Colombian llanos. This would amount to an average of between 

7 to 20 hectares per animal (17~50 acres/animal). 

Accurate human population statistics were also not available, 

but in all cases human population density was below one person per 

square mile over the whole region. Aerial photo reconnaissance 
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showed that human settlements were concentrated in the alluvial 

terraces r 

which prov 

Thus 

egion around Villavicencio and along the major rivers, 

ided access and fertile soils (UNSF 196*f, vol. I), 

the direct influences of man on the vegetation were 

limited in extent, but his influence through periodic burning of 

the savanna as part of his livestock management was considerable 

and widespreado These influences are more fully discussed in the 

last section of this reporto 



METHODS 

Vegetation Survey-

Not only the vegetation, but also the climate, topography and' 

soils of the study area were almost unknown at the start of the 

resources survey. For this reason the survey methods were kept 

flexible to provide for unexpected contingencies, while at the same 

time a certain pattern of data collection had to be followed to as

sure uniformity of the final data. 

Because of the descriptive nature of such 

taken were necessarily subjective in nature, 

pects of the vegetation which appeared signif: 

a survey, the notes 

emphasizing those as-

icant to the observer. 

But wherever possible, quantitative measurements were made, complete 

plant collections were gathered and the data 

tively 

were compiled objec-

Photointerpretation 

After selection of the general area to be visited, a detailed 

interpretation was made of the aerial photographs of the area. 
I j 

Photographs on an approximate scale of 1:40,000, taken within the 

last eight years, were used for this purpose. The photointerpreta

tion yielded information on landscape forms and large-scale vege

tation patterns. 

18 
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Sites to be visited were selected on the basis of accessi

bility# As far as possible an attempt was made to include the 

sites most representative of the various discernible characteristic 

features of the area* Aerial photomosaics, with projected routes 

and preselected sites marked on them, served as maps during the 

expeditions^ 

Soil data 

A major environmental variable was the soil. The available 

data on the soils of the area to be visited were reviewed, and 

where possible, vegetation sites were selected near sites where soil 

profiles had been described, making future correlations between soil 

and vegetation data possible. Special attention was paid to this 

aspect in the selection of sites for quantitative vegetation measure-

mentso 

Observations and notes 

All preselected and other sites visited by the author in the 

field were numbered consecutively from JB 1 to JB 223; a few sites 

reported on by others, and included in this survey, were marked with 

different prefixes® 

Notes were taken on species composition and topography. Addi

tional observations were made of vegetation density, basal coverage, 

structure, number of strata, dominant and characteristic species, 

and other special features of the vegetation or site. Plant collections 

were made to verify field identifications and for a permanent record. 
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Quantitative analyses 

At the sites preselected for quantitative analysis, the vege

tation was measured with the point-centered quarter method devel

oped by Cottam and Curtis (1956). Dix (1961) had already shown 

that this method could be adapted to grassland analysis, and the 

bunchgrass savanna prevalent in the Colombian llanos, with well-

defined individual plant units, was well-suited to this method. 

Besides measuring distance from point to center of the plant, 

the basal diameter of each plant was recorded. In the case of 

large bunchgrasses, each individual subdivision of the bunch was 

considered as a plant. 

Two hundred plants were usually measured around 50 points 

laid out at random distances along several parallel line transects, 

located about nine feet apart. Occasionally the number of points 

was increased slightly, if such additional points would ensure com

pletion of an additional set of 20 measured individuals of one 

species# 

Dix (1961) recommended sets of at least 3° individuals for 

calculation of acceptable Importance Value Indices of a particular 

species. In most cases during the present survey, the data obtained 

by measuring 50 points separated naturally into two groups: the 

dominant species represented by twenty or more individuals of each 

species, and the associated species with less than 10 individuals 

represented. It was considered that additional measurements to 

complete sets of 30 individuals would not add enough additional in

formation to warrant the extra time spent in data collection. 
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Complete and. exhaustive plant collections made at each detailed 

survey site uncovered a few additional 

only a minority of the total species 1: 

Quantitative analyses carried out 

data on species frequency, density and 

(1956) describe how, in the case of doniinants, these data can be 

species, but these were 

sted in the analysis* 

by this method yielded 

size. Cottam and Curtis 

added to yield Importance 

allow comparison of vege-

converted into relative percentages and 

Value Indices# Such numerical indices 

tation between different sites® 

In some savanna types, the growth habit of the plants or the 

nature of the terrain made it impossible to apply the point-centered 

quarter method# In the Melinis minutiflora savanna individual 

plants could not be distinguished* In 

estimated by sampling the vegetation in 

;his case frequency was 

a series of 1 x 1-m plots, 

noting presence or absence of species in each plot© 

Some areas were characterized by the presence of "zuros", 

small plots of ground with an average diameter of 30 inches, sur

rounded on all sides by steep-sided channels forming an intricate 

network called "zuralno In such areas, 

sidered as a natural plot and notes were made of the species present 

on top of a number of individual zuroso 

each raised zuro was con-

e more conspicuous features 

Woody vegetation 

Trees and shrubs, although among th< 

of the vegetation aspect, usually occupied a minor position in the 

savanna. Woody plants were found mostly as scattered individuals 
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in the herbaceous vegetation, but occasionally would occur grouped 

together in groves. 

Notes on woody vegetation, its occurrence and the species pre

sent, were taken at each site visited. On the alluvial fan of Yopal, 

a definite development pattern of groves around a nucleus of corozo 

palm was noted and data were taken on the species composition of a 

number of groves of varying sizes. 

The forest vegetation within the study region was surveyed 

independently of the grassland study, although in some regions of 

mixed forest—savanna vegetation these studies were carried out con

currently. 

Helicopter surveys 

For some of the more inaccessible regions a helicopter was 

available for limited periods for use in the resources survey. The 

methods of vegetation survey with a helicopter were similar to the 

general methods described above, with a few modifications to take 

full advantage of the increased mobility afforded and to allow for 

the reduced time available for each site visited. 

Considerably more freedom was possible in the selection of 

sites. Thus restrictions due to accessibility were lifted and more 

attention could be paid to the selection of the most representative 

sites of the various features observed in photo reconnaissance. 

In the piedmont region, the helicopter was used repeatedly to 

make straight transects from the base of the mountains into the 

inundated alluvial overflow plain, and changes in soil and vegeta

tion were observed along this gradiento 
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The helicopter survey based in Cravo Norte was the only means 

of visiting this large inundable region at a time of year important 

in floristic development. As time limitations precluded the taking 

of quantitative data, this regional survey was later supported by 

ground level penetrations into the edges of the same region. 

Aerial reconnaissance 

After visiting an area on the ground, the major vegetation 

features of the savanna types could be recognized from the airo 

Thus, whenever necessary, a ground survey of a region was supported 

by an aerial reconnaissance covering more extensive areas. Such 

flights were made to check observed correlations between vegetation 

and topography over larger areas, and to view certain special 

features observed on aerial photographs but inaccessible from the 

groundo 

Plant collections 

All collected plants were processed at the Herbario Nacional 

of Colombia, located in Bogota at the National University. All 

grasses, sedges and legumes were identified by the author as far 

as possible within the limitations of this herbarium. Standard 

reference works on the various groups were consulted, as were the 

floras of Guatemala and PerCi. No flora of Colombia was availableo 

The remaining species were identified by the author with the 

aid of the herbarium staff, usually by comparing the specimens 

directly with the collections on deposito All species that could 
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not be identified, or those whose identification could not be 

checked with material in the Colombian herbarium, were sent to 

the U. S. National Herbarium at the Smithsonian Institution for 

identification* 

A complete set of all collected specimens was deposited-at 

the National Herbarium of Colombia, and duplicates were sent for 

deposition at the U. S. National Herbarium*. 

Vegetation Classification 

The historical and theoretical aspects of vegetation classi

fication were recently reviewed by Whittaker (1962)0 His paper 

bears out the wide variation in concepts in this field and the 

necessity of defining the terms used in each study. 

On a large scale, the classification system for tropical 

American vegetation developed by Beard (1955) was used. This system 

is based on formation series radiating out from the optimum for

mation: the tropical rain forest. Each series varies along a dif

ferent environmental gradient, which for the vegetation of the Co

lombian llanos was principally seasonal inundation. The seasonal 

swamp formation series includes: seasonal swamp forest, seasonal 

swamp woodland, seasonal swamp thicket (with or without palms), and 

savanna. The vegetation types dealt with in this study fell mostly 

in the last formation, although a few could be classified as sea

sonal swamp thicket with palms. 
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Each formation is divided on a floristic basis into smaller 

units called associations by Beard. The writer preferred the term 

vegetation type and has used the latter term throughout this study. 

Where the formation is savanna, the unit is called a savanna type* 

Vegetation types were defined on a floristic basis by dominant, 

co-dominant and characteristic species, but without adhering to the 

rigidity of the system developed by Braun Blanquet (1951) - see 

also Ellenberg (1956) and Becking (1957)o 

Vegetation types were not considered as definite units with 

boundaries in time and space, but rather as arbitrary subjective 

points or nodes in a complex pattern of environmental gradients 

interacting with the ecological amplitude of each individual species® 

Dominant species were defined on the basis of a combination of 

density, frequency and size. If a species consistently attained a 

dominant position within one grouping of sites, it was designated 

as dominant; if it only attained this position occasionaly through 

peculiar combinations of environmental factors at certain sites, it 

was designated as co-dominant. Characteristic species were more 

restricted in their distribution and as such were more valuable as 

indicators for certain vegetation types. No complete fidelity to 

one type was Required for these species and they served principally 

as checks for classifying vegetation at intermediate sites. 

As species lists for sites visited accumulated, the vegetation 

of these sites was classified on a preliminary basis into types. 

Floristic composition of the final ten vegetation types was deter

mined from the combined species lists of many representative sites. 
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The vegetation at intermediate sites was classified by com

parison with the basic species lists for the types. A numerical 

scale for goodness of fit was established by assigning a value of 

one for each species present at the site and listed as either 

dominant, co-dominant or characteristic for the type; if the spe

cies was also dominant at the site, its value was doubledo The 

comparison which yielded the highest value on this scale was con

sidered to be the closest in fit and the vegetation of the site 

was classified accordingly. 

Vegetation Mapping 

In mapping the vegetation of the study area it was not pos

sible to delimit all individual areas covered by each vegetation 

type. Instead, use was made of larger units, called habitat types. 

The concept of habitat types is based on the fact that within larger 

areas certain repeating patterns of topography, with correlated 

soils and vegetation, can be discerned and mapped. 

This method of vegetation mapping was developed in Australia 

by Christian and Stewart (1952). The habitat types in this report 

are the equivalent of the Australian authors' land systems, defined 

as: "an area, or group of areas throughout which there is a recur

ring pattern of topography, soil and vegetation"• The individual 

units of this recurring pattern are called land unitsi defined by 

Christian (1958) as: "distinctive and recurring units of topography 

with which are associated equally distinctive groupings of soil and 

vegetation". 
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This system of vegetation mapping has been applied to several 

areas of Australia and was also used in Nicaragua by Taylor (1959)« 

The habitat types form the basic mapping units and are based on geo-

morphological characteristics within regions of uniform climateo 

The vegetation of each habitat type consists of floristic vegeta

tion types correlated in a characteristic pattern with the topo

graphy. 

Once the classification of all sites as to vegetation type we. 3 

completed, correlation between vegetation and landscape features 

could be readily establishedo In regrouping this information by 

natural regions, the local patterns within each habitat type were 

deterrainedo 

Actual delimitation of boundary lines was done by photointer-

pretation, starting from areas visited on the ground and extrapo

lating to the remainder of the study area. Boundary lines were trans

ferred to the base map by standard photographic reduction processes# 



SAVANNA TYPES 

A total of ten savanna types were recognized during the vege

tation survey. For convenience they were grouped into four classes: 

savannas with relict forests, inundable savannas, humid savannas and 

dry savannas. In addition, four special vegetation types were recog

nized, limited to specialized environments within natural regions 

and found within more than one savanna type. 

The nomenclature of the savanna types was based on the dominant 

species of each type. For simplicity, usually only one dominant was 

used, but occassionally a second dominant had to be added to distin

guish between similar types. In two cases, the general dominance of 

a genus, rather than one specific species of that genus, character

ized the type and the generic name only was used to designate these 

types. 

Derived Savannas with Relict Forests 

The three savannas of the group of derived savannas with relict 

forests, the Melinis minutiflora savanna, the Paspalum carinatum sa

vanna and the Trachypogon ligularis-Paspalum carinatum savanna, had 

little in common with each other. The principal factor which united 

them was the presence of relict forests in the savanna. These relict 

forests were recognized by their elongated shape in the direction of 

the prevailing trade winds and by their structure and composition. 

Occasional single trees found in the savanna also showed straight sel 

pruned boles characteristic of development in an environment surroun

ded by other trees. 

28 
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•4 
The Melinis minutiflora savanna (Mmi) 

The M. minutiflora savanna is a matted grassland with few to 

many trees and shrubs, occupying flat mesas and high terraces in the 

piedmont region, where it is found on fine-textured soils. 

It is not a natural savanna, but a vegetation type derived from 

succession after the destruction of the forests natural to this ha-

2 bitat. Melinis minutiflora is a grass originally introduced from 

Africa into Brazil, from whence it spread to most tropical American 

countries where it has now become naturalized, attaining a wide dis

tribution,, 

The matted growth form of M. minutiflorat with trailing stems 

rooting at the nodes, prevented the establishment of many other spe

cies in a vigorous stand. However, the grasses Homolepis aturensis 

and Panicum versicolor could be listed as co-dominants because of 

their high frequency. The low annual Panicum trichoides developed 

underneath the canopy of taller grasses. Other common species were 

the grasses Andropogon bicornis, Andropogon selloanus and Panicum 

pilosum, the sedge Scleria hirtella, and several pioneer shrubs in 

the succession towards forest, such as Vismia baccifera and various 

Miconia spp. 

Symbol in parentheses is standard abreviation for the savanna type 

used throughout this text, 

2 Authorities for all scientific plant names can be found in ap

pendix 1. 
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This savanna type was little related to any of the other types 

encountered during the survey. Both M. minutiflora and Homolepis 

aturensis were exclusive to the type, as were several other species 

such as Thrasya campylostachys« a grass, and Adiantum serratodentatumt 

a fern. A complete list of the species collected in the M. minuti

flora savanna can be found in appendix 1o 

A census of the M. minutiflora savanna was taken at site JB 

166, south of the Guacavia river near Gumaralo (For site numbers 

and locations see vegetation map included with dissertation)0 Be

cause of the vegetation structure, frequency only was measured in a 

series of plots. Two series of 20 plots were laid out, one along 

the sloping side of a hill and the other on the fairly level top of 

the same hill. The data are presented in Table 1, columns (1) and 

( 2 ) o  

Allowing for natural variation in the estimation of frequency, 

only those differences greater than 15 percentage points were con

sidered significant. On this basis, the data show a small increase 

in frequency of the unpalatable species Panicum versicolor, Scleria 

hirtella and Hyptis brachiata and a large increase in the annual 

Panicum trichoides on the level top of the hill as compared to the 

hillside. Possibly this increase was due to the heavier use by 

cattle of the level land in preference to the rather steep slopes. 

On the slope a slightly higher frequency was noted for Homo

lepis aturensis1 Panicum pilosum. Cyperus cayennensis and Dichronema 

ciliata. 
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This savanna type was found at sites located on the mesas of 

the piedmont region, on some high alluvial terraces, and in the foot-

*1 

hills of the Andes where forest had been cut over o The type extended 

into the mountains up to an elevation of 1500 m (4^00 ft) above sea 

level. 

At some sites, erosion on the steep hillsides had resulted in 

a rocky surface soil. This habitat was not suitable for full devel

opment of the Mo minutiflora savanna and Paspalum pectinatum became 

dominant« Frequency data from such a slope are presented in Table 

1, column (3), for comparison with normal species distribution in the 

M. minutiflora savanna. 

The structure of this savanna type showed an almost continuous 

cover of grasses of medium height0 Mixed in this cover, dominated 

by M. minutiflora« were plants of a bunching growth habit, mainly 

grasses and sedges. Underneath this top layer, a lower stratum devel

oped, dominated by Panicum trichoides and including low forbs such 

as Galadium macrotites, Calea ovalis, Eriosema rufum, Pterolepis 

pumila and the grasses Paspalum multicaule and Thrasya campylos-

tachya. Aerial cover was close to 100 percent. 

Because this savanna type was derived from forest, a large variety 

of shrubs and trees were found within the herbaceous vegetation. Open 

savanna at one site had only a few bushes of the species Vismia 

baccifera. A few kilometers further north, however, a similar site 

showing as open savanna in aerial photographs of 1958» had advanced 

For a complete list of site numbers see appendix 2 
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Table 1 

Species frequency in three phases of the 

Melinis minutiflora savanna 

Sites JB 165, 166 

Species name 

Adiantum serratodentatum 

Andropogon selloanus 

Andropogon semiberbis 

Axonopus pulcher 

Caladium macrotites 

Calea ovalis 

Cyperus cayennensis 

Dichronema ciliata 

Eriosema rufum 

Homolepis aturensis 

Hyptis brachiata 

Killingia spo 

Leptocoryphium lanatum 

Melinis minutiflora 

Panicum pilosum 

Panicum rudgei 

Panicum trichoides 

Panicum versicolor 

Paspalum carinatum 

September 10, 19&3 

( 1 ) ( 2 ) ( 3 ) 

15 

10 

10 

20 

25 

33 

20 

3 

100 

20 

3 

15 

75 

5 

3 

13 

3 

10 

3 

15 

kO 

95 

15 

65 

90 

Jf.o 

8o5 

8o5 

3.0 

1.5 

1.5 

1O5 

26.0 

1.5 

1.5 
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Table 1, cont'd 

Species name ( 1 ) ( 2 ) ( 3 ) 

Paspalutn multicaule 

Paspalum pectinatum 

Phyllanthus sp« 

Pterolepis pumila 

Scleria hirtella 

Scleria purdiei 

Thrasya campylostachys 

Thrasya petrosa 

Trachypogon ligularis 

Trachypogon plumosus 

Trachypogon vestitus 

5 

no 

5 

5 

10 

15 

k5 

5 

10 

10 

15 

5 

17o0 

16o0 

1o5 

7o0 

( 1 ) Percentage frequency on slope ( JB 165 ) 

( 2 ) Percentage frequency on level top ( JB 165 ) 

( 3 ) Percentage frequency on rocky slope ( JB 166 ) 
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to a stage in 19&3 in which the cover of shrubs had reached 50 per

cent. Among the more common shrubs Miconia albicans, M. amplexans, 

M. macrothyrsa, rux'escenst Jacaranda lasiogyne, Vismia baccifera 

and Xylopia aromatica were observed., In addition, some small trees 

were noted emerging above the shrub layer as a second stage in the 

succession towards forest reestablishment• 

The herbaceous understory beneath the shrub layer developed in 

the same manner as in open savanna, although with a less dense 

coverage. On the fine-textured soils the M. minutiflora savanna was 

found, while on the more rocky slopes the Po pectinatum variant of 

this type was encountered under the brush. 

In many places on the mesas around Medina, large single indivi

duals of trees, such as Ceiba pentandra, were noted as relicts left 

after forest clearing and now standing in open savanna. 

The Paspalum carinatum savanna (Pea) 

The Paspalum carinatum savanna is an open, low bunchgrass sa

vanna, covering heavily dissected terrain of hills and steep slopes 

with stony soils. Scattered relict forests were found at the heads 

of prote"&ted canyons or closed valleys and larger forested areas oc

curred south of the major rivers within this habitat. 

The dominant species in this savanna type was Paspalum carinatum, 

accompanied by Trachypogon montufari and Trachypogon vestitus and the 

sedge Bulbostylis nunciformis as co-dominants. Other common species 

were the grass Paspalum pectinatum and the sedge Rhynchospora glo-

bosa. 
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The savanna type was relatively poor in species, but even so 

it had several characteristic species, among which the grasses 

Aristida implexa, Bouteloua sp. and Trachypogon montufari t the sedge 

Bulbostylis paradoxa and the fern Anemia fyumilis can be mentioned# 

A complete list of species collected in this savanna type can be 

found in appendix 1. 

A detailed census of the Po carinatum savanna was taken at site 

JB 98, near Hato La Florida in the dissected high plain east of the 

Manacacias river® The data of this census are presented in Table 2. 

Paspalum carinatum and Trachypogon montufari were the dominant 

species at the census site, the grass Mesosetum loliiforme was another 

very important species, but did not quite reach dominant status. The 

soil at the census site was classified as belonging to the Ocarro 

series, but no soil profile description was available from near the 

site. Slope varied from 5 to 20 percento 

The P. carinatum savanna was widespread in the dissected high 

plain region, but was also encountered on the undulating high plain. 

Relict forests were visited at seven sites in this region. As the 

savanna type was typical of steep slopes and rocky soils, it could 

also be encountered on scattered sites on the slope of the high plain 

down to the Meta river, and on the precipitous edges of some of the 

mesas of the piedmont region,, (For a complete list of sites with 

this savanna type, see appendix 2)o 

Although the type had few affinities with other savanna types 

encountered during the survey, the boundaries with adjacent savanna 

types, especially the Paspalum pectinatum and Trachypogon vestitus 
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Table 2 

Census of the Paspalum carinatum savanna 

Site JB 98 June 6, 1963 

(1) (2) (3) (V (5) (6) (?) (8) (9) (10) 

Paspalum 
carinatum 39 83 5*5 -^55 3120 780O M.5 3^.1 153-6 

Trachypogon 
montufari 21 38 k.6 173 1735 *f2.0 19.O 12.9 73-9 

Andropogon 
semiberbis 8 9 3®7 33 330 

Axonopus 
pulcher 11 11 5<>0 55 kk5 

Bulbostylis 
junciformis 7 8 2.4- 19 325 

Bulbostylis 
lanata 3 If 8.8 35 165 

Mesosetum 
loliiforme 16 18 20o1 361 755 

Paspalum 
pectinatum 5 5 13*0 65 175 

Rhynchospora 
barbata 1 1 2.0 2 50 

Rhynchospora 
globosa 7 11 ^»2 k6 k^O 

Schieckia 
orinocensis 1 1 2.0 2 65 

Trachypogon 
vestitus 7 11 8.0 88 465 

Totals 50 200 607 133^ 8060 

(1) Species name 
(2) Number of points—at which species was encountered 
(3) Number of individuals of species encountered 
(4) Average diameter of species, mm 
(5) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
(7) Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for the species 
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savannas, was gradual and intermediate phases with these other sa

vannas could be found® 

The structure of the P. carinatum savanna was that of a bunch-

grass savanna, with widely separated individual plants# The height 

of the herbaceous cover in general was low, between 10 and 20 cm. 

Even the grasses commonly of medium height, such as Leptocoryphium 

lanatum. P. pectinatum and Trachypogon spp» did not develop as tall 

as in other habitatso 

Two distinctive sedges, Bulbostylis lanata and B. paradoxa, 

characterized this habitat. Commonly known as "cabeza de negro", 

or negro head, they developed a thick stem surrounded by the blackened 

remains of burned leaf bases and only a small tuft of green leaves 

remained on top. 

Basal plant coverage was estimated at 20 percent. The only 

tree typical in this savanna type was Bowdichia virgilioides, or 

"alcornoque". Alcornoque trees occurred as scattered low individuals, 

up to five meters tall. Other scattered individual trees or shrubs 

in this savanna type were also found in the forests of this habitat, 

and were considered to be forest relicts. 

The Trachypogon ligularis-Paspalum carinatum savanna (Tli-Pca) 

The dune habitat of the aeolian plain was the area where the T. 

ligularis-P. carinatum savanna was found, an open grassland with low 

shrubs and scattered individual trees. A few dunes were still covered 

with forest vegetation. 
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The dominant species in this savanna type were the grasses 

Trachypogon ligularis and Paspalum carinatumt with the suffrutes-

cent shrub Cassia tetraphylla as co-dominant and characteristic 

species. Other common species included the grasses Axonopus pur-

pusii« Leptocoryphium lanatum and Paspalum pectinatum, the sedges 

Bulbostylis .junciformis and Rhynchospora barbata, the forb Schieckia 

orinocensis and the shrub Cassia viscosa. A complete list of spe

cies collected in this savanna type can be found in appendix 1o 

Although some sites with this savanna type were accessible by 

vehicle, these were usually small dunes with non-characteristic and 

heavily modified vegetation. The large dune complexes south of 

Cravo Norte could only be visited by helicopter and consequently no 

detailed censa were taken in this savanna type. A total of 19 sites 

with this savanna type were visited (see appendix 2)« 

The structure of the T. ligularis-P. carinatum savanna was two-

layered. The upper layer of medium height, between ̂ 0 and 50 cm, 

was dominated by T. ligularis and other bunchgrasses, usually growing 

as widely scattered individual plants with a basal cover estimated 

at 10 percent. The space between these scattered taller individual 

plants was taken up by the lower layer, composed mainly of grasses 

and including Andropogon semiberbis, Eragrostis maypurensis« Gymno-

pogon foliosus, Panicum stenodes, Paspalum carinatum and Thrasya 

paspaloides, plants growing in small bunches or cespitoseo 

The typical tree of the dunes was alcornoque, Bowdichia virgi-

lioides, which develops a deep taproot and probably taps a permanent 

water supply. In general the alcornoque grew in association with 
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another tree, Curatella americana or "chaparro", in a proportion of 

three alcornoques for each chaparroo At the edge of the dunes, along 

the line demarcating the level of maximum inundation in the rainy 

season, a line of moriche palms, Mauritia minor, was often found. 

Some dunes were covered by forest. Such forest remnants were 

only found on the most inaccessible dunes and little information is 

available about them. The most common trees were Nectandra pichurim, 

Protium sp. and Guarea sp. with a DBH of 5 to 10 cm.and a height 

between 6 and 10 m. Some bigger emergent trees were also encountered, 

with DBH of 30 to *+5 cm and heights of 10 to 15 m; most commonly 

belonging to the species Dydimopanax morototoni or Himananthus arti-

culatao The herbaceous understory of the forest included the grass 

Olyra latifolia, sedges and bromeliads. Where the tree cover was 

more open, a dense carpet of Axonopus compressus would develop. 

At the edge of these forests, dense stands of shrubs alternated 

with savanna. The species included Casearia sylvestris« Curatella 

americana, Miconia rufescens, M. macrothyrsa, Myrcia paivae, Waltheria 

glomerata and Xylopia aromatica, some of these are shrubs, others 

low treeso 

Inundable Savannas 

The group of inundable savannas includes two types, the Andro-

pogon savanna and the Mesosetum savanna. The characteristic species 

of the inundable habitat, found in both savanna types, included the 

grasses Manisurus aurita, Mesosetum chaseae and Mesosetum rottboe-

lioides, the shrubs Ipomoea crassicaulis and Jussiaea lithospermi-

folia, and the palm Mauritia minor. 
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The Andropogon savanna (Andr) 

The Andropogon savanna is an open tall grass savanna, found on 

inundable and very humid sites. Two phases of this savanna type 

were encountered: the Andropogon savanna proper of the shallow 

basins and other inundable sites of the alluvial overflow plain, 

and the Andropogon virgatus savanna of the floodplains and "esteros", 

shallow depressions serving as drainage ways of the level high plain 

and alluvial terraces. 

In the Andropogon savanna proper, the dominant species were the 

grasses Andropogon bicornis, Andropogon hypogynus. Andropogon vir-

gatus and Sorghastrum parviflorum, and a sedge of the genus Rhynchos-

pora, as yet not identified as to species. All these dominants were 

over one meter tall. Other common species included the grass Axo-

nopus anceps and the shrubs Buettneria .jaculifolia and Jussiaea 

lithospermifolia among the tall-growing species, and the medium-

height grasses Eriochrysis holcoides and Setaria geniculata and the 

sedges Rhynchospora barbata and Cyperus haspan. In addition there 

was a low cover of mostly grasses, including Panicum laxum, Panicum 

parvifolium and Paratheria prostrata. 

In the A. virgatus savanna, this was the only species of Andro

pogon among the dominants, accompanied by the grasses Eriochrysis 

cayennensis, Leptocoryphium lanatum, Panicum versicolor and Paspalum 

pulchellum and the sedge Scleria hirtella, as co-dominants. The suf-

frutescent plant Hyptis conferta was also common at some sites. 

A census of the lower stratum of the Andropogon savanna was 

taken at site JB 103, near Yopal. The site was located on a "sural" 



and the census was taken in the channels separating the individual 

zuros. The data are presented in Table 3. 

The dominant species at the census site were the grass Fanicum 

laxum, the sedge Gyperus haspan and the forb Corchorus argutus. Ba

sal cover was estimated at 20 percent and consisted principally of 

the trailing stems of P. laxum; the other species grew erect. 

On top of the zuros the taller species of the Andropogon sa

vanna were found, mixed with representatives of drier habitats, 

because the tops of the zuros generally remained above the level of 

the flood waters. The most common species encountered were the 

grasses Andropogon selloanus, Axonopus purpusii, Leptocoryphium 

lanatum and Setaria geniculata, together with the typical species 

of the Andropogon savanna, such as Sorghastrum parviflorumi Andro-

pogon virgatus« Axonopus anceps, and the shrub Jussiaea lithosper-

mifolia. 

The census site was located near a site of soil profile des

cription of the Caballeria series (Ch 78)0 

The Andropogon savanna was encountered at 22 sites, all located 

in the alluvial overflow plain and aeolian plain. The A. virgatus 

savanna was found on seven sites on the floodplains of the alluvial 

terraces and on six sites in the high plains. This phase of the sa

vanna type .was usually associated with permanently humid soils, high 

in organic matter, of the Apiay and related soil serieso 

The structure of this savanna type was typically one of several 

strata. In the upper stratum, reaching up to two meters in height, 

the tall grasses and sedges were found, mixed with a few shrubs. 
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Site JB 103 

(1) 

Panicurn 
laxura 

Cyperu 
hasp 

5 
in 

Corchorus l 
argutus 

Andropogon 
selloanue 

Axonopis 
purpusii 

Boreria 
capitata 

Caperonia 
sp. 

Cuphea 
micrantha 

Hydrolea 
sp. 

Hyptis 
conferta 

Hyptis 
sp0 

Isoetes 
sp« 

Lycopodium 
cernuum 

Melochia 
villosa 

Mitracarpus 
sp. 

Panicura 
spo 

Paspalum 
sp* 

Table 3 

Census of the Andropogon savanna 

(2) (3) (if) (5) 

^9 

19 

16 

1 

1 

2 

2 

1 

10 

9 

if 

8 

1 

3 

10 

if 

105 

26 

19 

1 

if 

. 2 

2 

1 

12 

15 

if 

8 

1 

3 

10 

5 

1 

2.0 210 

2»0 52 

2o0 38 

3.0 3 

3»0 12 

2©0 if 

2.0 

3.0 

if 

3 

decumbent 

2.0 30 

k.O 16 

2.0 16 

2o0 

4.6 

2 

1*f 

2.0 20 

2o6 13 

3«0 3 

July 10, 1963 

(6) (7) (8) (9) (10) 

6130 8if,5 if5o3 t*5°3 175o1 

1265 32o8 11.2 11o2 55»2 

1055 27o6 8.2 8.2 ifif.O 

30 

ifO 

60 

100 

10 

620 

950 

165 

310 

20 

190 

590 

270 

ifO 

continued next page 



Table 3» cont'd 

(1)  

Pavonia 
riedelii 

Pavonia 
sp. 

Phyllanthus 
sp. 

Setaria 
geniculata 

Unidentified 
species 

Totals 

(2) (3) CO (5) (6) (7) (8) (9) (10) 

3 

5 

3 

58 

1 

1 

3 

5 

3 

232 

3o0 

2o0 

200 

2.0 

201 

3 

2 

6 

22 

6 

40 

50 

260 

320 

1*fO 

kkl 12,555 

Explanation of symbols 

(1) Species name 
(2) Number of points at which species was encountered 
(3) Number of individuals of species encountered 
(4) Average diameter of species, mm 
(5) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
(7) Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for the species 
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This was not a closed stratum, but consisted of scattered individual 

plants and bunch grasses. Underneath this upper layer, was a herba

ceous layer of medium height, averaging 50 cm. This stratum was 

subject to inundation and its maximum development was found in places 

where inundations were not very deep. 

The lowest stratum consisted of decumbent and creeping plants 

which developed and grew during the dry season when the inundation 

waters receded. In the deeper basins of the alluvial overflow plain 

and along the bottoms of the channels in the zurales, this stratum 

was often the only ground cover present, forming a fairly continuous 

layer,, Where the medium-height stratum developed, the lower stratum 

occurred only in an interrupted form, gaining prominence in the cen

ter of low depressions and other sites where inundation water accumu

lated o 

The Ao virgatus phase distinguished itself from the Andropogon 

savanna proper through its highly developed medium-height stratum, 

which dominated the aspect of the vegetation and remained green through

out the dry season. 

Few woody species resisted the periodical inundations of this 

habitat, but several characteristic shrubs should be mentioned as 

a common feature of this savanna type0 These included Buettneria 

.jaculifolia, Heliconia psittacorum, Ipomoea crassicaulis, Jussiaea 

lithospermifolia, Melochia villosa, Rhynchanthera grandiflora and, in 

the floodplains and esteros, the palm Mauritia minor. 

The main forage value of this savanna type is in the tender spe

cies of the lower stratum, which are green in the dry season. 
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Especially in the A. virgatus phase, which formed green oases within 

dry savannas, this led to heavy overgrazing. One of the character

istics of overgrazed savanna of this type was the invasion of the 

suffrutescent Hyptis conferta« 

The Mesosetum savanna (Meso) 

The Mesosetum savanna was another open savanna of inundable 

sitesj but mostly restricted to the aeolian plain region<> It was 

the least accessible of all savanna types encountered during this 

surveys 

All the sites visited with Mesosetum savanna during this survey 

were visited by helicopter and no census or quantitative data could 

be collected. The dominant species were the grasses Eriochloa hol-

coides, Mesosetum chaseae, Mesosetum rottboellioides in the upper 

stratum and Panicum stenodes in the lower straturru Other common spe

cies included the grasses Andropogon hypogynus, Andropogon virgatus, 

Axonopus anceps, Leptocoryphium lanatum and Trachypogon ligularisi 

the sedges Rhynchospora barbata, Rhynchospora globosa and another, 

tall species of Rhynchosporaf and the shrubs Buettneria .jaculif olia 

and Jussiaea lithospermifolia. Thus the general species composition 

was similar to that of the Andropogon savanna, but with a shift to

wards dominance of the Mesosetum species and away from the Andropogons. 

The only census data available are from a savanna of drier type 

taken at the site JB 201 and presented with the description of the 
i A 

Leptocoryphium lanatum savanna® Mesosetum savanna was encountered at 

nine sites in the aeolian plain (see appendix 2)« 
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Several phases of the Mesosetum savanna were encountered., related 

to the depth of inundations during the rainy season. With a depth of 

20 to 30 cm, as in depressions at the headwaters of small streams in 

the aeolian plain, the presence of the tree Caraipa llanorum, sala-

dillo, characterized the phase known as "saladillal"o The trees were 

found in stands of seven to eight individuals per hectare with a wet 

phase of the Mesosetum savanna, in which the shrubs Buettneria .jacu-

lifolia and Rhynchanthera grandiflora were common. This phase was 

encountered at four sites. 

Another phase was associated with inundations up to *f0 cm. The 

saladillo tree was replaced here by the moriche palm, Mauritia minor, 

which characterized the "morichal" phase. The palms occurred in 

stands of 8 to 20 individuals per hectare, rising out of a continuous 

herbaceous understory of the wet phase of the Mesosetum savanna« The 

morichal phase was visited at only three different sites» 

Humid Savannas 

The humid savanna group includes the Trachypogon ligularis and 

the Leptocoryphium lanatum savannas. The characteristic species of 

this group included the grasses Eriochloa distachya and Paspalum 

erianthum, the sedge Fimbristylis complanata, the fern Blechnum sp« 

and the shrub Psidium eup;enii» 

The Leptocoryphium lanata savanna (Lla) 

The Leptocoryphium lanatum savanna was an open savanna, some

times with scattered tree groves, developing in a humid environment, 
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on poorly drained, soils which inundated periodically, but only to 

shallow depths, usually no more than a few centimeters. 

The dominant species was Leptocoryphium lanatum, with the gras

ses Andro^ogon selloanus, Axonopus purpusii, Eriochrysis holcoides 

and Sorghastrum parviflorum and the sedge Rhynchospora globosa as 

co-dominartSo Other common species were the grasses Andropogon 

hypogynus, A. virgatus, Panicum rudgei, P» stenodes, P. versicolor, 

Paspalum minus, P. multicaule and Setaria geniculata, the sedges 

Bulbostylis .juncif ormis and Rhynchospora barb at a and the forbs and 

suffrutescent shrubs Heliconia psittacorum, Hyptis conferta and 

Hyptis dilatata. A complete list of species collected in this sa

vanna type can be found in appendix 1. 

A detailed census of this savanna type was taken at site JB 185» 

on the low alluvial terraces between the rivers Negrito and Guatiquiao 

In addition there are frequency data on the basis of pace transects 
i  

for two sites, JB 198 and 201, on the aeolian plain near Orocueo 

The data of the census of site JB 185 are presented in Table ko 

Two low grasses, Aristida capillacea and Paspalum multicaule appear 

as dominants with a higher Importance Index than L0 lanatum, a re

sult due mostly to their great relative frequency. Other important 

species at the census site were Andropogon virgatus, Bulbostylis 

.juncifera and Rhynchospora barbata. The census was taken near the 

site of a soil profile description of the Pachaquiaro series (J 71)= 

The pace transects taken at site JB 198 included one set on the 

side of a 

area under 

natural levee, non-inundated, and another set in an adjacent 

5 cm of water. A third set of paces was run at the nearby 
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Table k 

Census of the Leptocoryphium lanatum savanna 

Site JB 185 September 1963 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Aristida 
capillacea 21 31 2.0 62 17^5 ^6.0 15.5 5»7 67-2 

Paspalum 
multicaule 21 32 3-0 97 1^85 *f2.0 16.0 9.0 67.0 

Leptocoryphium 
lanatum 14 20 10.2 204 905 28.0 10.0 18.8 56.8 

Andropogon 
selloanus 4 11.2 ^5 205 

Andropogon 
virgatus 6 10 18.5 185 5^5 

Axonopus 
pulcher 1 1 5.0 5 65 

Borreria 
capitata 1 1 2.0 2 55 

Bulbostylis 
junciforrais 7 11 3«5 36 625 

Crotelaria 
sagittalis 2 3 2.0 6 135 

Cuphea 
micrantha 2 2 2.0 k 115 

Desmodium 
barbatum 1 3 2.0 6 4 5 

Dichronema 
ciliata 2 2 2„0 ^ 95 

Eriochloa 
distachya 7 8 3*0 2k h65 

Eriochloa 
holcoides 1 1 15.0 15 50 

Hyptis 
conferta 2 2 2.0 4 150 

Hyptis 
dilatata 5 7 2„0 1 if 315 

Hyptis 
lanatanae folia 9 9 2.0 18 *t-80 

continued next page 
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Table 4, contfd 

( 1 )  (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Melochia 
hirsuta 

Panicum 
stenodes 

Panicum 
sp« 

Polygala 
subtilis 

Polygala 
timoutou 

Rhynchospora 
barbata 

Rhynchospora 
globosa 

Rhynchospora 
sp. 

Ruellia 
geminiflora 

Scleria 
purdiei 

Sorghastrum 
parviflorum 

Thrasya 
petrosa 

Trachypogon 
ligularis 

Totals 

2 

8 

1 

1 

2 

11 

2 

2 

1 

3 

3 

1 

3 

8 

1 

1 

2 

17 

2 

2 

1 

K 

3 

1 

8 3 

50 200 

2«0 

7.9 

2o0 

2.0 

2o0 

5.2 

2,0 

6.0 

2.0 

2.0 

5«0 

2.0 

6 

63 

2 

2 

4 

88 

b 

12 

2 

8 

15 

2 

140 

640 

25 

5 

140 

720 

155 

80 

150 

55 

115 

125 

18.0 1W 325 

5.4 1083 10065 

Explanation of symbols 

(1) Species name 
(2) Number of points at which species was encountered 
(3) Number of individuals of species encountered 
(4) Average diameter of species, mm 
(5) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
(7) Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for the species 
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site JB 201, which was under 10 cm of water. The sites were located 

near the site of a soil profile description of the Casanare series 

(E 23)o The data are presented in Table 5o 

On the dry site Axonopus purpusii was most frequent, followed 

by Andropogon virgatus; the high frequency of Rhynchospora barbata 

and Eriochloa holcoides classify the vegetation of this site as L0 

lanatum savanna, although the frequency of L0 lanatum was relatively 

low. With 5 cm of water, Sorghastrum parviflorum and L0 lanatum be

came dominant, although the presence of Trachypogon ligularis at

tests to the fact that the site had a slightly drier environment 

than usual for L. lanatum savanna. On the wetter site JB 201, Lo 

lanatum started sharing high frequency with Mesosetum rottboellioides 

and Andropogon virgatus, indication of a tendency of development to

wards Mesosetum savanna. 

The L. lanatum savanna was most widespread in the southern part 

of the aeolian plain, where it was encountered at 1*t sites. The low 

alluvial terraces also combined the characteristics of the humid 

habitat of this savanna type, which was found at seven sites in that 

region. The alluvial overflow plain in general was too wet for the 

Lo lanatum savanna, but it was found on four low levees within that 

region. The vegetation on the low terrace north of the Guaviare 

river at Aguas Claras, indicated that this type also might be found 

on other similar low terraces in the dissected high plain, but inacces

sibility made it impossible to verify this supposition. 

The Lo lanatum savanna had a three-layered structure. In the 

upper layer, scattered tall bunch grasses, such as Andropogon sppo, 
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Table 5 

Pace transect data in three phases of the 

Lept oc oryphium lanatum savanna 

Sites JB 198 and 201 November 15-16, 1963 

Species name (1) (2) 

Andropogon hypogynus - 2 
Andropogon selloanus - 2 
Andropogon virgatus 22 -
Aristida capillacea - -
Aristida tincta ' - 2 
Axonopus purpusii 32 8 
Axonopus senescens — 10 
Eriochrysis holcoides 10 2 
Hyptis lanatanaefolia 2 -
Leptocoryphium lanatum 6 18 
Mesosetum rottboellioides 6 -
Panicum rudgei 2 -
Paspalum minus - 2 
Paspalum multicaule 2 -
Ehynchospora barbata Ik 8 
Rhynchospora globosa - -
Sacciolepis myuros - -
Scleria sp0 - -
Sipanea spo 2 — 
Sorghastrum parviflorum - 20 
Syngonanthes sp» - — 
Trachypogon ligularis — 16 
Trachypogon plumosus - 6 
Trachypogon vestitus 2 -
Xyris macrocephala - -

Explanation of symbols 

(1) Percentage frequency, non-inundated site, JB 198 
(2) Percentage frequency, site inundated to 5 cm, JB 198 
(3) Percentage frequency, site inundated to 10 cm, JB 201 

(3) 

am 

8 
18 
k 

5 

3 

2k 
17 

1 

2 
1 
1 
1 
1 
5 
1 

1 
2 
1 
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Elyonurus tripsacoides and Manisurus aurita, all 100 to 200 cm tall, 

could be found mixed with a few shrubs of the species Jussiaea litho-

spermifolia and Rhynchanthera grandiflora. The medium layer, up to 

60 cm high, contained the largest number of species. Here the dominant 

grasses and common forbs and shrubs were encountered. The lower layer, 

of about 20 cm height, included a number of annuals and small species, 

such as the grasses Andropogon brevifolius, Aristida capillacea, Axo-

nopus compressusi Panicum laxum, P„ parvifolium, P. pilosum, P. ste-

nodes, Paspalum minus and P« multicauleo 

In the aeolian plain no tree growth was found associated with the 

L. lanatum savanna, but on the lower alluvial terraces small tree 

groves could be found. The most common tree species in these groves 

were Curatella americana and Jacaranda lasiogyne, associated with a 

shrubby layer including Miconia spp., Psidium eugenii and Lantana 

moritzianae Outside of the groves, the shrubs Rhynchanthera grandi-

flora and Melochia hirsuta were the most common woody species growing 

individually in the savanna*, 

The Trachypogon ligularis savanna (Tli) 

The Trachypogon ligularis savanna was an intermediate savanna 

type, often with tree groves, which developed on humid sites which 

did not inundate. It was typically found in low depressions of dry 

regions and on better-drained sites in inundated regionso 

The dominant species were the grasses Trachypogon ligularis and 

Leptocoryphium lanatum, with Andropogon selloanus and Paspalum pecti-

natum as co-dominants. Other common species were the grasses 



53 

Axonopus pulcher, A. purpusii, Setaria geniculata, TrachypoKQn plu-

mosus and. T. vestitus, the sedge Bulbostylis .junciformis and the suf-

frutescent shrubs Hyptis brachiata and Hyptis conferta. A complete 

list of collected species in this type can be found in appendix 1. 

A detailed census of this savanna type was taken at site JB 

106, near Cano Seco south of Yopal. The two dominant species at the 

site of the census were T. ligularis and L. lanatum, accompanied by 

Andropogon semiberbis, a species which increases in frequency under 

heavy grazing pressure. The census was taken near the site of a 

profile description of the Garcia soil series (C 88), but the census 

site was slightly lower than the profile description site and some

what wetter. The data are presented in Table 6. 

At site JB 126, on poorly drained soils of the high plain region 

east of the Meta river, a pace transect was run across the top of a 

narrow ridge into the lower terrain beyond, the last inundated to a 

depth of 3 cm. The data are presented in Table 7. Classification 

of the vegetation at this site was difficult, as the inundable Meso-

setum savanna covered most of the lower parts of the region and in

fluenced the vegetation along these higher ridgeso The data of Table 

7 are a good example of the intermediate position occupied by the T. 

ligularis savanna, however, and are comparable to a similar gradient 

in the data of site JB 198, presented in Table 5» 

The T. ligularis savanna covered extensive areas on the lower 

alluvial terraces south of the Humadea river and on some mesas of 

the piedmont area. On the alluvial fans, stony fans and medium terraces, 

the savanna type was found in low depressions, while in the inundable 
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Table 6 

Census of the Trachypogon ligularis savanna 

Site JB 106 July 13, 1963 

(1) (2) (3) (*0 (5) (6) (7) (8) (9) (10) 

Leptocoryphium 
1anaturn 37 62 6.8 ^955 7^-0 31oO 28.6 133»6 

Trachypogon 
ligularis 31 ^7 7.1 33^ 3155 62.0 23»5 2^<>3 109.8 

Andropogon 
selloanus 2 2 6.0 12 1^5 

Andropogon 
semiberbis 10 12 21.7 260 825 

Axonopus 
pulcher k 6 ho5 27 530 

Bulbostylis 
junciformis 6 7 6»9 ^7 530 

Caladium 
macrotites 2 2 2.0 ^ 200 

Cassia 
patellaria 2 2 2.0 if 205 

Cipura 
paludosa k 4 2.8 11 270 

Clitoria 
guianensis 1 1 2.0 2 40 

Convolvu-
laceae 2 2 2.0 if 230 

Croton 
sp. 1 1 2o0 2 60 

Desmodium 
barbatum 1 1 2.0 2 30 

Dichronema 
ciliata 4 5 2.6 13 ^00 

Eragrostis 
acutiflora 6 6 2.5 16 *f55 

Eriochloa 
distachya 3 6 *fo7 28 A-^5 

continued next page 
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Table 6, cont'd 

( 1 )  

Paspalum 
convexum 

Paspalura 
pectinatum 

Pavonia 
speciosa 

Pfaffia 
dunaliana 

Polygala 
sp. 

Trachypogon 
plumosus 

Unidentified 
plant 

Totals 

(2) (3) (4) (5) (6) (7) (8) (9) (10) 

4 

if 

1 

6 

6 

3 

9*8 88 260 

8.4 59 415 

2o0 35 

7 2o0 14 395 

6 2o0 12 450 

3 5o7 17  180 

1 1 3o0 3 70 

50 200 6„9 1576 14280 

Explanation of symbols 

(1) Species name 
(2) Number of points at which species was encountered 
(3) Number of individuals of species encountered 
(4) Average diameter of species, mm 
(5) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
(7) Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for species 
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Table 7 

Pace transect data on a ridge and adjacent 

lower terrain 

Site JB 126 

Species name 

Aristida tincta 
Axonopus senescens 
Bulbostylis junciformis 
Caladium raacrotites 
Dichronema ciliata 
Leptocoryphium lanatum 
Mesosetum loliiforme 
Panicum stenodes 
Panicum sp. 
Paspalum carinatum 
Paspalum contractum 
Paspalum hyalinum 
Paspalum pectinatum 
Paspalum sp0 
Rhynchospora barbata 
Rhynchospora sp. 
Thrasya paspaloides 
Trachypogon ligularis 
Trachypogon vestitus 
Xyris savannensis 

August 12, 1963 

% frequency 
ridge low 

106 
1 . 6  
3*5 
3»5 
106 
5»0 
8o5 

22 oO 
1 . 6  
3»5 
5o0 

3»5 

5o0 

2km0 
1 » 6  

5o5 

*f.0 
*f.0 
5.5 
7»5 

32oO 

2.0 
9»5 
9.5 

11 .0  
2.0 

Bare soil 8o5 7.5 
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aeolian plain and alluvial overflow plain it was found on slight 

rises like the natural levees. 

The structure of this savanna type consisted of one layer of 

medium bunch grasses underlain by a poorly developed lower layer. 

The upper layer gave an almost complete aerial cover, but had only 

an estimated 20 percent basal cover0 The soil between the bunch 

grasses remained largely uncovered, although an increase in low 

annuals was noted when the upper layer lost its continuity and did 

not provide a complete aerial cover,. 

The woody vegetation consisted of some individual shrubs and 

trees, such Byrsonima crassifolia, Curatella americana, Pavonia 

speciosa and Psidium guineense, and also of tree groves. The groves 

usually developed around a nucleus of pioneer species, able to es

tablish themselves as individuals in the open savanna. Among these 

pioneer species, the palm Acrocomia sp. and the shrubby trees Miconia 

spp. and Jacaranda lasiogyne were the most frequent. Grove develop

ment around a nucleus of Acrocomia sp. is described more fully in 

the section on the Trachypogon vestitus-Axonopus purpusii savanna. 

The T. ligularis savanna contained a variety of species of good 

forage value* South of San Martin, on a low alluvial terrace, some 

observations were taken on the utilization of the vegetation by live

stock. Grazing preference was given to the grasses Axonopus purpusii, 

Paspalum convexum and Panicum micranthum, but some plants of Axonopus 

pulcher and Setaria geniculata had also been grazed, in addition to 

new sprouts of such tall grasses as Andropogon hypog.ynus and A. virgatus. 
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The suffrutescent Hyptis brachiata and H0 conferta had not been 

browsed at any instance. 

Dry Savannas 

The group of dry savannas included three types, the Trachypogon 

vestitus-Axonopus purpusii savanna, the Paspalum yectinatum savanna 

and the Trachypogon vestitus savanna. The cha: acteristic species of 

the dry, non-inundable habitat of these savanna types were the grasses 

Panicum rudgei and Thrasya petrosa and the forbs and suffrutescent 

shrubs Cassia flexuosa, Centrosema angustifolium, Curculigo scorzo-

neraefolius, Phaseolus linearis and Tephrosia sessiliflora. 

The Trachypogon vestitus-Axonopus purpusii savanna (Tve-Apu) 

The To vestitus-A» purpusii savanna was a grass savanna with 

frequent tree groves and other woody growth, found in a humid habitat, 

but with well-drained and usually young soilso 

The dominant species were Trachypogon vestitus and Axonopus pur

pusii ; on some very humid sites the last species became the only do

minant as conditions were too wet for T0 vestituso Co-dominants were 

the grasses Andropogon selloanust Panicum versicolor and Sporobolus 

indicus and the sedges Dichronema ciliata, Scleria hirtella and 

Rhynchospora barbata. The common species included Andropogon bicornis, 

Leptocoryphium lanatum, Setaria geniculata and Trachypogon plumosus 

among the grasses and the sedge Bulbostylis .junciformis. This savanna 

type was among the richest in species and a full list of collected 

species is presented in appendix 1. 
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A detailed census of this savanna type was taken at two dif

ferent sites, one on the lower alluvial fan near Yopal at JB 105, 

and another on a levee in the aeolian plain at JB 195. 

At site JB 105, T* vestitus and A0 purpusii were the dominant 

species, accompanied by an unidentified and probably new species 

Paspalum, and the sedges Dichronema ciliata and Scleria hirtella 

as co-dominantSo Setaria geniculata and Sporobolus indicus were two 

other important species in the composition. The census was taken 

near the site of a soil profile description of the Lenita soil series 

(C 81), but on slightly higher ground than the soil profile site. 

The data of this census are presented in Table 8„ 

On site JB 195> again To vestitus and A. purpusii were the two 

dominant species, but they were accompanied by Panicum stenodes, 

Paspalum carinatum and Rhynchospora barbata as co-dominants; Bulbo-

stylis .junciformis again appeared as a common specieso The census 

site was located near the soil profile description sites E 26 and 

C 23, both of the Orocue soil series. The data of this census are 

presented in Table 9» 

Differences in the data between the two sites could be attrib

uted partly to heavier grazing pressure at Yopal. Outside of the 

two dominants, the important species at site JB 105 were of low 

forage value or unpalatable. The vegetation of site JB 195» situated 

on a narrow natural levee, was influenced by the surrounding L. 

lanatum savanna which contributed the Panicum stenodes, Gymnopogon 

fastigiatus and Rhynchospora barbata. 
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Table 8 

Census of the Trachypogon vestitus-Axonopus purpusii 

savanna 

Site JB 105 July 11, 1963 

(1)  

Trachypogon 
vestitus 

Axonopus 
purpusii 

Paspalum 
sp. nov. 

Dichronema 
ciliata 

Scleria 
hirtella 

Axonopus 
pulcher 

Borreria 
capitata 

Groton 
sp» 

Cuphea 
micrantha 

Gurculigo 
scorzoneraefolia 

Cyperus 
se squiflorus 

Elyonurus 
tripsacoides 

Eugenia 
sp0 

Euphorbi-
aceae 

Indigofera 
lespedezioides 

(2) (3) Ĉ f) (5) (6) (7) (8) (9) (10) 

28 

16 

19 

17 

17 

1 

3 

5 

k 

9 

1 

2 

1 

2 

38 3-8 1̂ 3 1530 5O0O 170O ik.k 81 

22 7o7 169 1195 2805 9»8 17.0 55.3 

28 2o5 71 11^0 33.9 12o5 7o1 53o3 

21 2<,k 51 950 30o^ 9„k 5.1 Vu9 

20 2o2 43 800 30ô  8o9 «̂3 3̂o6 

1 2o0 

k r ZoO 

100 

8 205 

5 decumbent 255 

k 2.0 8 230 

10 3.6 36 520 

1 2.0 

2 3o5 

1 2.0 

2  2 o 0  

80 

9 7.2 65 V?0 

100 

70 

k 105 

continued next page 
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Table 8, cont'd 

( 1 )  

Panicum 
versicolor 

Paspalum 
convexum 

Pfaffia 
dunaliana 

RueIlia 
geminiflora 

Scleria 
purdiei 

Setaria 
geniculata 

Sporobolus 
indicus 

Totals 

(2) (3) (4) (5) (6) (7) (8) (9) (10) 

3 3.0 

3 2o0 

5 2o0 

3 2.0 

13 3o0 

140 

8 10 7»1 71 Ho 

85 

10 225 

1^0 

k2 620 

13 18 12o9 233 850 

56 22*f 8.8 998 10300 

Explanation of symbols 

(1) Species name 
(2) Number of points at which species was encountered 
(3) Number of individuals of species encountered 
(4) Average diameter of species, mm 
(5) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
(7) Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for species 
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Table 9 

Census of the Trachypogon vestitus-Axonopus purpusii 

savanna 

Site JB 195 November 15» 1963 

(1)  

Trachypogon 
vestitus 

Axonopus 
purpusii 

Rhynchospora 
barbata 

Panicum 
stenodes 

Paspalum 
carinatum 

Andropogon 
selloanus 

Aristida 
tincta 

Borreria 
Sp« 

Bulbostylis 
junciformis 

Cuphea 
micrantha 

Dichronema 
ciliata 

Gymnopogon 
fastigiatus 

Hyptis 
dilatata 

Hyptis 
lanatanaefolia 

Leptocoryphium • 
1anaturn 

(2) (3) CO (5) (6) (7) (8) (9) (10) 

36 61 3o1 191 2775 60„0 25ok 1^o8 100.2 

27 39 806 336 20k0 if5<>0 16,3 26.0 87.3 

Zh 31 8o7 268 1^50 if0„0 12.9 20 o 7 73.6 

16 20 ^ ̂ 88 950 2606 8o3 608 ifio7 

12 19 7o0 134 915 20.0 7.9 10.if 38.3 

8 10 3»6 36 540 

5 3o8 19 Zh5 

10 

5 

4 

1 2.0 80 

11 2.7 30 525 

8 2.0 16 230 

if 6.0 2 if 175 

7 2.0 1if 3if0 

2 2o0 

1 2o0 

50 

35 

7 13.3 93 235 

continued next page 
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Table 9, cont'd 

(1) 

Melochia 
sp* 

paspalum 
pulchellum 

Rhynchospora 
globosa 

Thrasya 
paspaloides 

Totals 

(2) (3) CO (5) (6) (7) (8) (9) (10) 

2 2o0 n o  

^ 5 2o0 10 205 

3 ^o2 17 200 

1 3 2o0 6 110 

60 2̂ 0 129̂  11210 

Explanation of symbols 

(1) Species name 
(2) Number of points at which species was encountered 
(3) Number of individuals of species encountered 
C^f) Average diameter of species, mm 
(3) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
(7) Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for the species 



The relative importance of Paspalum carinatum at this site was 

even more emphasized at some other sites. Occasionally it replaced 

A. purpusii as co-dominant with T. vestitus. An example was site JB 

126, of which pace transect data are presented in Table ?• The vege

tation on top of the ridge was mainly To vestitus and P. carinatunu 

The presence of this variant of the savanna type is probably related 

to coarser soil textures as found on some levees and the dunes with 

T. ligularis-P. carinatum savanna. 

The To vestitus-A. purpusii savanna was found on the lower al

luvial fans, the intermediate terraces north of the Humea river, the 

natural levees of the alluvial overflow plain and aeolian plain and 

on other better-drained sites of the alluvial overflow plain. A 

complete listing of sites is given in appendix 2o 
j  

On the lower alluvial fans, this savanna type was associated 
i 
with the T. ligularis savanna, which was found in the lower depressions 

within these fans and along the slopes down into the drainage channels. 

In the alluvial overflow plain the savanna type was found mostly on 

the natural levees, where it was influenced by the surrounding humid 
I 
j  

and inundable savanna types. 
| 

Structurally the savanna type presented a two-layered develop

ment. The medium-height layer, up to 60 cm high, contained most of 

the bunchgrasses such as T. vestitus, Panicum versicolor, Sporobolus 

indicus and Setaria geniculata and associated forbso The lower layer _____ — 
i  
was dominated by A. purpusii, in association with low herbaceous 

plants like the grasses Andropogon brevifolius, Aristida capillacea, 
i  

Gymnopogon fastigiatus, Panicum laxum, P. stenodes, Paspalum convexum 
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and Thrasya paspaloides and forbs like Borreria spp., Centrosema 

anp;ustifolium, Chaptalia nutans, Eriosema simplicifolia, Polygala 

spp. and others. Basal cover was estimated between 15 to 30 percent. 

The savanna type was also rich in woody species. Many small 

trees, such as Byrsonima crassifolia and Curatella americana, and 

shrubs like Byrsonima verbascifolia, Casearia zizyphoides, Cassia 

flexuosa, Melochia polystachya, Melochia villosa, Mimosa somnians, 

Pavonia speciosa, Psidium eugenii and Psidium guineense were scat-

m occurred as 

the nucleus 

hat the fronds 

become estab-

tered as individual plants in the open savanna. 

Restricted to the piedmont zone was another characteristic tree 

of this savanna type, the palm Acrocomia sp0 This pal 

scattered individuals in open savanna, but also formed 

of grove development. Once growth reached the stage t 

no longer reached the ground, a number of shrubs could 

lished underneath the palm, initiating development of a grove. 

At site JB 106, near Yopal, a series of groves was visited and 

species were listed in groves of varying sizes over one five-hectare 

area. The data are presented in Table 10o 

The first species which associated with Acrocomia sp. were the 

shrubs Annona jahnii, Casearia petraea and Davilla dedsiflora. With 

the establishment of the shrub Waltheria glomerata, the development 

of a relatively fireproof outer perimeter was initiated, 'including 
i 

suffrutescent species such as Mimosa spp. and Lantana jspp. The xero-

morphic characteristics of these species, small leaves, thick bark, 

j 
etc. resulted in little available fuel to carry a fire into the 

interior of a grove surrounded by such an outer perimeter. One of 
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Table 10 

Composition and growth of groves around 

Acrocomia palms 

Site JB 106 February 25» 1964 

Presence or absence of species in groves of different sizes 

Diameter of grove in meters 1-4 4—8 8 or larger 

Number of species in grove 1 2 3 ^ 5-13 

Species name 

Acrocomia sp0 x x x x 
Annona jahnii x x x 
Casearia petraea x x x 
Casearia zizyphoides x 
Davilla densiflora x x x 
Psidium eugenii x 

Annonaceae x x 
Annona sp. x x 
Casearia sp* x 
Eugenia sp» x x 
Rollinia sp. x x 
Waltheria glomerata x x 
Xylopia aromatica x x 
Unidentified tree x x 

Cecropia sp0 x 
Cochlospermum vitifolium x 
Genipa americana x x 
Jacaranda lasiogyne x 
Lygodium venustum x 
Miconia albicans x 
Miconia rufescens x 
Mikania sp. x 
Nectandra pichurim x 
Pavonia velutina x 
Rudgea sessiliflora x 
Torrubia sp. x 
Vismia guianensis x 
Unidentified tree x 

Number of groves in class 3 5 6 11 
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the first tree species in the groves was Genipa americana, followed 

by a number of species never found by themselves in the open savanna 

but able to become established in the grove environment. The further 

growth of a grove at this stage is in delicate balance with the en

croachment of savanna through the action of fire« 

On the natural levees of the alluvial overflow plain, the T. 

vestitus-Ao purpusii savanna was also associated with woody growth 

in groves, but the Acrocomia palm did not occur in this region and 

the groves developed around a nucleus of small trees like Byrsonima 

crassifolia or Jacaranda lasiogyne. The most common tree species in 

these groves were Nectandra pichurim, Xylopia aromatica and Vitex spo 

with an undergrowth of shrubby species including Lantana moritziana, 

Cassia spp» and Melochia villosao 

At site JB 107, a small fenced-off area could be contrasted with 

open savanna under less grazing pressureo Within the heavily grazed 

fenced area, T. vestitus had been almost completely eliminated and 

its dominant position in the upper layer had been taken by the fibrous 

grass Elyonurus tripsacoides and the suffrutescent Hyptis brachiata* 

In addition many individual shrubs of Pavonia speciosa were noticed. 

In the lower stratum Ao purpusii was still dominant, but growing in 

such a decumbent manner as to be almost unavailable to livestock 

grazing. By contrast, the savanna outside of the enclosure, under 

medium grazing pressure, had a vigorous cover, with T. vestitus grazed 

down to 30 cm and little shrub invasion. 
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The Paspalum pectinatum savanna (Ppe) 

The Paspalum pectinaturn savanna was an open grassland with 

occasional single trees or small groves, found in a somewhat humid 

environment, generally on slopes down to drainage channels or in 

high rainfall areas. The soils under this savanna type were of low 

fertility, moderately to well-drained, generally eroded and with an 

indurated layer of gravel at or near the surface. 

The dominant species were grasses, Paspalum pectinatum, Trachy-

pop;on vestitus and Leptocoryphium lanatum. Other common species were 

the grasses Andropogon selloanus and Axonopus pulcher, the sedges 

Eulbostylis junciformis and Dichronema ciliata and the forb Ichthy-

othere terminaliso 

Detailed analyses of this savanna type were made at two sites, 

JB 171 and 8^. The first of these two was located on the high ter

race of San Martin, close to the Andes in a high rainfall area. It 

represented the typical savanna type, with P. pectinatum as dominant 

and T. vestitus and D. ciliata as co-dominants; another important 

species was L. lanatum. The complete data of this census are pre

sented in Table 11. The census was located near the site of a soil 

profile description of the Milagro series (J 1^f). 

The census of site JB 8*f, just north of the Guaviare river in 

the undulating high plain, represented an overgrazed phase of this 

savanna type. P. pectinatum maintained itself as dominant, but the 

associated co-dominants were the grasses L. lanatum and Digitaria sp. 

and the sedge Rhynchospora barbata. The sedge Scleria hirtella and 

the suffrutescent Hyptis lantanaefolia were two other important species 
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in the vegetation composition. No soil profile descriptions were 

available near the census site, but the soil belonged to the Shangri-

La or Napoles series, two closely related soils. The data of this 

census are presented in Table 12. 

The P. pectinatum savanna was found on the level high plain, 

the undulating high plain, the alluvial terrace of San Martin and 

on some of the foothills of the piedmont region. It was associated 

with the Paspalum carinatum savanna in the dissected high plain and 

with the L. lanatum savanna on some levees of the alluvial overflow 

plain. 

The P0 pectinatum savanna was a bunch grass savanna of medium 

height, somewhat poor in species. The upper layer did not provide 

a complete aerial cover and basal cover was estimated between 7 and 

12 percent. No well-developed ground layer was found underneath the 

canopy of the bunch grasses, even on overgrazed siteso 

The woody vegetation of this savanna type took the form of 

single, individual trees of Curate11a americana and some small groves 

around Jacaranda lasiogyne, Palicourea rigida and Xylopia aromatica, 

with C. americana in the outer edges. The shrubby undergrowth of 

these groves consisted principally of Lantana moritziana and Mimosa 

spp. In open savanna a few individual shrubs of Cassia flexuosa and 

C. viscosa could be foundo 

When the savanna type was found on natural levees in the alluvial 

overflow plain, the groves contained such species as Byrsonima crassi-

folia, J. lasiogyne, Protium sp., Randia sp., and Wulffia baccatao 
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Table 11 

Census of the Paspalum pectinatum savanna 

Site JB 171 September 11, 1963 

(1) (2) (3) (if) (5) (6) (7) (8) (9) (10) 

Paspalum 
pectinatum 22 31 13-5 ^19 1690 kk.O 15.5 36«>5 96.0 

Trachypogon 
vestitus 23 36 5.2 186 2725 ^6.0 I80O 16O2 80«2 

Dichronema 
ciliata 17 25 2„0 50 i960 3^«0 12„5 ^ 50o9 

Andropogon 
selloanus 3 ^ 2o0 8 280 

Andropogon 
cemiberbis 5 5 15°^ 77 360 

Axonopus 
chrysoblepharisH 11 b*0 k^> 955 

Borreria 
capitata 1 1 2o0 2 30 

Bulbostylis 
junciformis 12 12 2.0 2h 705 

Glitoria 
guianensis 3 3 2.0 6 205 

Cyperus 
cayennensis 1 1 2o0 2 100 

Desmodium 
barbatum 1 1 2<>0 2 10 

Hyptis 
brachiata 1 1 2o0 2 60 

Hyptis 
conferta 1 2 2.0 k 105 

Ichthyothere 
terminalis 5 5 2.0 10 3^0 

Indigofera 
lespedezioides 3 3 2«,0 6 180 

Leptocoryphium 
lanatum 11 14 6o0 8*+ 7^0 

continued next page 
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Table 11, cont'd 

(1) (2) (3) (*0 (5) (6) (7) (8) (9) (10) 

Paspalum 
geminiflorum 5 5 10o0 49 425 

Scleria 
purdiei 2 2 2«0 4 50 

Scleria 
sp. 1 1 2o0 2 100 

Sisyrynchium 
alatum 3 3 2»0 6 175 

Thrasya 
petrosa 5 5 3o6 18 365 

Trachypogon 
ligularis 5 10 806 86 605 

Trachypogon 
plumosus 5 9 ^oO 37 ^50 

Trachypogon 
vestitus* 10 10 2»0 20 645 

Totals 50 200 5„7 1147 13260 

* These were small seedlings 

Explanation of symbols 

(1) Species name 
(2) Number of points at which species was encountered 
(3) Number of individuals of species encountered 
(4) Average diameter of species, mm 
(5) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
( 7 )  Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for the species 
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Table 12 

Census of the Paspalum pectinatum savanr 

Site JB 8^ 

( 1 )  

Paspalum 
pectinatum 

Rhynchospora 
barbata 

Digitaria 
sp. 

Leptocoryphium 
lanatum 

Axonopus 
purpusii 

Bulbostylis 
junciformis 

Curculigo 
scorzoneraefolia 

Declieuxia 
fruticosa 

Dichronema 
ciliata 

Euphorbia 
spo 

Hyptis 
sp. 

Ichthyothere 
terminalis 

Panicum 
sp. 

Phaseolus 
sp» 

Polygala 
brizioides 

Psidium 
eugenii 

(2) (3) (« (5) (6) (7) 

22 37 11.6 2165 H.o 

23 33 606 218 2030 1*6 oO 

21 30 7o7 231 1460 ^2o0 

16 22 5.8 91 1070 32.0 

k 

3.0 

2.0 

2o0 

2.0 

70 

k 2.0 8 305 

2 2.0 k 100 

3 60O 2k 160 

5 2.0 10 390 

30 

13 16 2.0 32 855 

3 2q0 6 100 

2 15.0 30 65 

120 

60 

May 9, 1963 

(8) (9) (10) 

18O5 3^.1 96.6 

16.3 17.^ 79-9 

15.0 10.5 67.5 

11.0 7.3 50o3 

3 3.0 9 180 

continued next page 
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( 1 )  ( 2 )  

Ruellia 
geminiflora 6 

Scleria 
hirtella 12 

Totals 50 

Table 12, cont'd 

(3) W (5) (6) 

7 2o0 1*t 38O 

17 2o0 3^ 980 

200 6.0 1252 11230 

(7) (8) (9) (10) 

For explanation of symbols see previous table, page 71 
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The Trachypofion vestitus savanna (Tve) 

The Trachypop;on vestitus savanna was the driest of all savanna 

types classified in this vegetation survey. It was an open bunch 

grass savanna with occasional scattered trees or shrubs, occurring 

on well-drained soils. 

Trachypogon vestitus was the dominant grass in this savanna 

type, with Paspalum pectinatum or Leptocoryphium lanatum as co-

dominants which varied in relative importance in relation with humi

dity and erosion conditions. Other common species in this savanna 

were the grasses Andropop;on selloanus, A. semiberbis, Axonopus 

pulcher and Thrasya petrosa, the sedges Bulbostylis junciformis, 

Dichronema ciliata and Khynchospora barbata and the forbs Ichthy-

othere terminalis and Curculip;o scorzoneraefolia. A complete list 

of collected species is presented in appendix 1. 

Three detailed censa were taken of this savanna type, one at 

site JB 93 near Hato Horizontes in the central part of the level 

high plain, one at site JB 209 near Hato Carigen in the northern part 

of the level high plain and one at site JB 187 near Puerto Lopez on 

an intermediate alluvial terrace. 

At site JB 93, the habitat was representative of a large part 

of the level high plain, but the savanna was in poor condition and 

rather heavily grazed. Although T. vestitus was still the dominant 

species, the importance of P. pectinatum and the large number of indi

viduals of Andropogon semiberbis, in addition to the presence of Panicum 

rudgei, both invading species, indicated heavy past grazing use. The 

census was taken near the site of a soil profile description of the 
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Horizontes soil series (C 60), the principal soil series of the level 

high plain. The data of this census are presented in Table 1;>0 

Site JB 209 represented a humid phase of this savanna type, on 

heavier soils with less favorable drainage conditions.. Although no 

soil profile description sites were near the census site, the soil 

was tentatively classified as the Lagunazo serieso The poorer drain

age conditions resulted in a dominance of L0 lanatum at the census 

site, but the importance of To vestitus and the general vegetation 

composition indicated that this still could be classified as T. 

vestitus savanna. The data are presented in Table 

Site JB 187 represented another humid phase of the T. vestitus 

savanna, this one developing under higher rainfall conditions.. Both 

L° lanatum and P. pectinatum increased at the expense of T. vestitus, 

indicating the more humid conditions. The census was taken near the 

site of the soil profile description of the Potosi series (T 2)0 Com

plete data of this census can be found in Table 15o 

The T. vestitus savanna was found on the level high plain, on 

the intermediate alluvial terraces and on the stony fans near Tame, 

This savanna type was also found associated with more humid habitats, 

within which it occupied the better-drained sites or the edges of 

escarpmentso It also occurred on the hills of Caribayona, a group 

of low hills rising out of the lower alluvial fan west of the Tua 

river. A complete list of sites is given in appendix 2. 

At its northern edge, the savanna type graded into more humid sa

vannas as drainage worsened, while at the edge of the dissected high 

plain elements of the P„ carinatum savanna entered into its composition. 
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Table 13 

Census of the Trachypogon vestitus savanna 

Site JB 93 

(1)  

Trachypogon 
vestitus 

Paspalum 
pectinatum 

Andropogon 
semiberbis 

Bulbostylis 
junciformis 

Bulbostylis 
lanata 

Caladium 
macrotites 

Curculigo 
scorzoneraefolia 

Dichronerna 
ciliata 

Leptocoryphium 
lanatum 

Panicum 
rudgei 

Panicum 
sp. 

Rhynchospora 
barbata 

Rhynchospora 
globosa 

Sisyrynchium 
alatum 

Unidentified 
grass 

Totals 

( 2 )  

35 

17 

19 

3 

1 

2 

4 

11 

8 

9 

3 

6 

5 

2 

(3) (4) 

76 7o1 

27 20.7 

28 4.5 

3 2<»0 

1 2.0 

2 2o0 

4 2.0 

16 2.4 

9 5»8 

11 9.9 

5 2«0 

8 10.5 

7 7o7 

2 2o0 

June 5i 1963 

(5) (6) __C_7l (8) (9) (10) 

536 >075 70o0 380O 35„4 143<>4 

559 1208 34o0 13o7 37o6 35«1 

127 1465 38o0 14„0 806 6O06 

6 

2 

8 

230 

4o 

125 

195 

38 1025 

53 560 

100 600 

10 230 

84 

54 

495 

315 

4 245 

1 1 2.0 2 30 

50 200 7.4 1487 10838 

For explanation of symbols see Table 14, page 77 
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Table 1*t 

Census of the Trachypogon vestitus savanna 

Site JB 209 November 19> 19^3 

( 1 )  

Trachypogon 
vestitus 

Leptocoryphium 
lanatum 

Rhynchospora 
barbata 

Dichronema 
ciliata 

Andropogon 
brevifolius 

Andropogon 
selloanus 

Axonopus 
purpusii 

Borreria 
ocimoides 

Bulbostylis 
junciformis 

Caladium 
macrotites 

Clitoria 
guianensis 

Curculigo 
scorzoneraefolia 

Eriochloa 
holcoides 

Ichthyothere 
terminalis 

Killingia 
Spo 

Paspalum 
multicaule 

(2) (3) W (5) (6) (7) (8) (9) (10) 

18 

32 

20 

22 

3 

5 

3 

31 9.7 

V7 5o6 

25 8o9 

21 2o2 

k 2o0 

9 15O7 

h 6o5 

1 2.0 

6 2.5 

1  2 » 0  

2 2.0 

3 ^oO 

1 30o0 

1  2o0  

3 ^o7 

13 3o0 

290 1680 360O 15o5 21.7 73«2 

265 2660 6^o0 23.5 19.8 107*3 

222 1370 kOoO 12o5 1606 69*1 

5b 1200 Vf.O 12o0 lfo0 6O0O 

8 235 

1^2 ^80 

26 210 

2 

15 

2 

k 

12 

30 

2 

1^ 

37 

25 

3^5 

115 

205 

115 

20 

120 

115 

615 

continued next page 
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Table 1^+, cont'd 

(1)  

Paspalum 
pectinatum 

Pterolepis 
minor 

Sauvagesia 
erecta 

Thrasya 
petrosa 

V/altheria 
glomerata 

Totals 

(2) (3) (4) (5) (6) (7) (8) (9) (10) 

10 13.9 139 365 

2 200 

1 2.0 

70 

35 

2 3 10o7 32 180 

2 2 11o 0 22 135 

50 200 6o7 1338 109^5 

Explanation of symbols 

( 1 )  Species name 
(2) Number of points at which species was encountered 
( 3 )  Number of individuals of species encountered 
(^) Average diameter of species, mm 
(5) Sum of diameters of species, mm 
(6) Sum of distances from point to plant, mm 
( 7 )  Relative frequency, percent 
(8) Relative density, percent 
(9) Relative size, percent 
(10) Importance Index for the species 



79 

Table 15 

Census of the Trachyporeon vestitus savanna 

Site JB 187 September 24, 1963 

(1) ( 2 )  ( 3 )  (4) (5) ( 6 )  ( 7 )  ( 8 )  (9) ( 1 0 )  

Trachypogon 
vestitus 32 48 3«0 143 2593 64.0 24.0 14.4 102.4 

Leptocoryphium 
lanatum 25 33 3*9 125 1810 50o0 16«5 12.6 79.1 

Paspalum 
pectinatum 14 22 13.9 306 1095 28.0 11.0 25.0 64.0 

Andropogon 
selloanus 10 14 5®9 83 650 

Andropogon 
semiberbis 2 3 26.7 80 140 

Axonopus 
pulcher 11 13 2.6 32 675 

Bulbostylis 
junciformis 14 17 3»2 54 855 

Cassia 
flexuosa 1 1 2o0 2 60 

Cipura 
paludosa 4 4 2.0 8 205 

Dichronema 
ciliata 2 2 2o0 4 120 

Eriosema 
rufum 1 1 2.0 2 60 

Hyptis 
brachiata 3 3 3»0 9 150 

Ichthyothere 
terminalis 1 2 2o0 4 115 

Panicurn 
olyroides 1 1 5«° 5 40 

Panicurn 
versicolor 2 2 2.0 4 60 

continued next page 
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Table 15» cont'd 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Paspalum 
multicaule 6 7 2.0 14 400 

Paspalum 
sp. 9 9 2o3 21 475 

Rhynchospora 
barbata 11 12 2.0 24 495 

Ruellia 
geminiflora 1 1 2o0 2 60 

Thrasya 
petrosa 3 5 14„4 72 315 

Totals 50 200 4.0 994 IO375 

For explanation of symbols see Table 14, page 78 
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The T. vestitus savanna was a savanna of medium height, with 

bunch grasses of 50 to 60 cm tall in its principal stratum. When 

unburnt, this layer formed a closed canopy with almost 100 percent 

aerial cover. Basal cover was estimated at around 10 to 15 percent. 

When the upper stratum was opened up through heavy grazing, a low 

ground layer of annual grasses and other species would develop, 

including Andropor;on brevifolius, Aristida capillacea, Era^rostis 

maypurensis and Paspalum multicaule. Overgrazing also resulted in 

the invasion by such taller grasses as Andropogon semiberbis and 

Panicum rudgei, and suffrutescent species like the various Hyptis 

sp., Buchnera virgata and Declieuxia fruticosao 

The woody vegetation of this savanna type was almost always 

found in the form of individual trees or shrubs in open savanna. The 

principal species were Curatella americana and Palicourea rigida. 

The shrub Casearia petraea was sometimes associated with Curatella 

americana as the nucleus for grove development, but groves rarely 

progressed beyond this first stage. 

Only in the southern part of the level and undulating high plain 

were groves more frequent, but here they consisted mostly of Miconia 

spp. and other forest pioneers on sites where the T. vestitus savanna 

had replaced forest in this region with a very short dry season. 

Byrsonima crassifolia and B. verbascifolia were a tree and 

shrub, respectively, which occurred in this savanna type under 

favorable humidity conditions, while Casearia zizyphoides was a shrub 

indicative of excessively drained soilso 
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Relations between Savanna Types 

As the various savanna types outlined in the previous sections 

were considered as no more than nodes in a continuously changing 

vegetation pattern, it is not surprising that many intermediate 

types were encountered and that certain relationships between savanna 

types along environmental gradients could be discernedo 

Affinities between two savanna types could be shown by the 

number of species held in common, expressed as a percentage of the 

total combined number of known species in both savannas. In Table 16 

a number of such calculated affinities are showno 

Table 16 

Percentages of species in common between 

two savanna types 

Savanna type Species in common 
% of total 

Tve-Apu/Tli* ko 
39 
38 
33 
33 
30 
28 
26 
25 
25 
23 
22 
19 
12 

Andr/Lla 
Lla/Tli 
Tli/Ppe 
Ppe/Tve 
Meso/Andr 
Tve/Tve-Apu 
Meso/Lla 
Tli-Pca/Tli 
Tli-Pca/Ppe 
Tli-Pca/Pca 
Mmi/Tli 
Mmi/Tve-Apu 
Pca/Ppe 

* Standard abbreviations of savanna types 
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It is apparent from these data that rather close affinities 

existed between savanna types of the inundable, humid and dry groups, 

while those savannas with forest relicts formed a group apart with 

little affinity to the main line of savannas or within their group. 

The relations between the various savanna types are shown graph

ically in fig. 4, in which the distances between savanna types are 

reciprocal to the percentage of species in common. The main gradient 

is one of increasing humidity, but edaphic and other environmental 

influences interfere with, and distort this sequence. 

Forest Types 

Besides the vegetation types described above, a total of six 

forest types were classified in the study area by an independent 

forest survey, under the direction of Ing. G. Clavijo (UNSF 1964). 

As the savanna and forest vegetation had many interrelations, the 

highlights of the findings of the forest survey will be given in this 

section. 

Species composition of the forests did not allow a separation 

of forest types on a floristic basis, as was done for the savannas, 

and a geomorphologic and topographical basis was adopted for forest 

type classification and nomenclature. 

The six forest types recognized were: forests of the flood-

plains and gallery forests, forests of the alluvial overflow plain, 

forests of the low terraces of the Guaviare river, forests of the 

high plain, forests of the alluvial terraces, and forests of the 

piedmont foothills. 
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This author regrouped the forest types according to the classi

fication system proposed by Beard (1955) for tropical Latin America*. 

Under this system, the inundable forests of the larger river flood-

plains and of the alluvial overflow plain belonged to the seasonal 

swamp forest formation, while the smaller gallery forests, character

ized by Mauritia minor palms, could be considered as a palm phase of 

the swamp woodland formation0 The forests of the terraces of the 

Guaviare river and of the alluvial terraces were semi-evergreen sea

sonal forests, grading into evergreen seasonal forests in the Amazon 

basin to the south. To the north and east, the deciduous seasonal 

forests of the high plain developed., The forests of the piedmont 

foothills were part of the lower montane forest formation0 

The forests of the floodplains were divided into two types, the 

high and low forests. The high forest, with two tree stories, reached 

J>0 m in height and was found close to the courses of the major rivers. 

The low forest was a continuation of the lower story of the high 

forest with occasional emergents. Its average height was 20 m. Some 

difference in the species composition were found between the northern 

floodplains forests along the Arauca river and the southern ones along 

the Guaviare river. In the high forest of Arauca, Pseudomeldia 

laevigata, Brosimum sp<> , Pouteria sp. , Luehea seemanii and Nectandra 

sp. were the most common trees, while along the Guaviare river 

Hemicrepidospermum rhoifolium. Pouteria sp., Pera arborea, Aspidos-

perma spo and Brosimum sp. were the most important ones, each in this 

respective order0 
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> » > 

The 'gallery forests along the smaller rivers and streams, which 

did not have extensive floodplains, varied much in composition, 

besides being degraded by repeated cutting, cultivation and burning. 

In general the trees were of small diameter, with a DBH of less than 

35 cm# Some of the common tree species were Crepidospermum goudotia-

num, Protium tenuifolium, Tabebuia serratifolia, Brosimum sp<>, 

Spondias mombin and Himatanthus articulata and the palms Astrocaryum 

chambira, A. jrulgare, Jessenia polycarpa and Socratea durissima. 

Along the headwaters of the smaller streams, a special type of gal

lery forest developed, characterized by the palm Mauritia minor 

which formed 80 percent or more of the total tree canopy,. 

The forests of the alluvial overflow plain were found in the 

northwestern part of that region, and were locally known as the 

Forest of Arauca. This forest was also divided into high and low 

types. The high forest, up to 25 m high, had a two-layered tree 

canopy and the dominant tree species were Nectandra sp., Cecropia sp., 

Inga sp., Pseudomeldia laevigata, Machaerium moritzianum, Chryso-

phyllum sp. and Manilkara oidentatao The low forest, with a one-

layered tree canopy of 20 m average height, covered the larger part 

of the area under this forest type. It differed from the high forest 

by having more palms in its understory. The species composition of 

this low forest was variable and at least two different phases were 

encountered. In one phase Alchornea sp., Inga sp., Jacaranda sp. and 

Protium calanense were the most important species in that order, 

while at another group of sites Hieronyma alchornoides, Jacaranda sp. 

and Terminalia spo were the important species. Total species 
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composition between the two groups of sites did not differ very much, 

however, and the relative dominance of one or another species could 

be due to chance development. 

The forests of the low terraces of the Guaviare river were in

fluenced by the evergreen forests of the Amazon basin. They devel

oped on humid low terraces which were subject to occasional flooding, 

although they were above the general elevation of the river flood-

plains. The areas most subject to flooding, around old meanders and 

oxbow lakes cut off from the river, had a vegetation dominated by the 

Mauritia palm. The remainder of the forest had a two-layered struc

ture 'in which Aspidosperma sp*, Hemicrepidospermum rhoifolium and 

Pera arborea were the most abundant species. Average height of the 

upper canopy was 20 m. 

Of the forest of the high plains, only some degraded relicts 

remained within the study area. Most of these relicts were located 

to the south of the major rivers which crossed the dissected high 

plain and which provided some protection against the periodic fires 

of the savannas of this region,. The most important relict forest was 

located near Hato Horizonte. This was a low open forest with an 

average height of "\k m and only trees per ha with a DBH above 25 

cm, average DBH was 35 cm® The most important tree species were 

Pera arborea, Brosimum sp., Aspidosperma sp. and Nectandra sp» 

Palms were very common in this forest type and the most important 

species included Oenocarpus minor, Astrocaryum vulgare and Iriartea 

sp»; close to streams the palm Socratea durissima was very frequent. 
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A rather dense understory of shrubs, palms and small trees devel

oped under the open tree canopy. 

The forests of the alluvial terraces have almost all disappeared 

in the last 15 years. On the basis of a few observations of relict 

forests, it appeared that Protium tenuifolium, Pouteria sp., Virola 

sp., Nectandra sp., and Rinorea macrocarpa were the most important . 

tree species. This forest type probably graded into the forests of 

low terraces of the Guaviare river, the latter being better preserved 

because of their relative inaccessibility. 

The forests of the piedmont foothills were another group of 

heavily exploited forests of which little remained within the study 

area. They were evergreen humid forests with a two-layered tree 

canopy of an average height of m. Species composition varied 

from north to south v/ithin the study area. In the north, the forest 

graded into the forest of Arauca, with approximately the same domi

nant specieso Further south, near Yopal, the forest had a slightly 

drier aspect and an abundance of palms of the species Socratea 

durissima, Iriartea sp., and Scheelea attaleoides. At the southern 

end of the study area, around Villavicencio, higher rainfall resulted 

in a taller forest, up to 30 m high. The most important palm in this 

area v/as Iriartea corneto, which at times formed up to J>0 percent of 

the total tree population in the upper canopy* 
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Specialized Vegetation Types 

At times the regular vegetation types v/ere interrupted by 

special topographical features which created distinct habitats. 

Where such features cut across several different vegetation types, 

the vegetation adaptations to the modified habitats were treated as 

specialized vegetation typeso 

Two of the specialized types were associated with the flood-

plains region and had little or no connection with the surrounding 

vegetation types of the regions in which they occurred. The other 

two types were related to characteristic features of natural regions 

and occurred with more than one particular vegetation type.. 

Raudal 

The "raudal" is a local name for an area flooded by running 

water and inundated throughout the year. The water comes from a 

major river which has partly left its original course and now flows 

through a new, as yet undefined channelo 

The two major raudal areas in the study area were located betwe 

the Casanare and Arauca rivers. In 1958 the Arauca river near Arau-

quita left its course and flooded a large area southeast of that 

town, extending southeastward over an elongated area, until connect

ing with the Ginaruco river which forms the drainage exit of this 

large raudal area. A smaller raudal was found north of Rondon, con

necting the Casanare river with the Cravo Norte river. Local infor

mation, and evidence of drowned but still standing trees, indicated 
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that during the last five years the water level in these raudal 

areas had steadily risen. 

Because this habitat is permanently inundated with flowing water, 

a special and different type of inundable vegetation developed here. 

The floating Eichornia heterosperma was the most characteristic spe

cies and covered most of the water surface. In areas where maximum 

depth of inundation was less than 70 cm, other species, such as the 

grass Panicum laxum, the forbs Commelina elegans, Eleocharis mutata. 

Euphorbia sp., Polygonum punctatum and the shrubs Aeschynomena evenia 

and Jussiaea sp., formed a vegetation cover typical of such extreme 

wet conditions. 

Livestock use the raudal habitat during the rainy season as a 

refuge from mosquitoes and other insect pests, by wading into the water 

until almost completely coveredo The raudal is also the natural habi

tat of the chiguirre, a large grazing rodento 

Meander terrace 

Even within their established channels, the rivers often changed 

course, leaving behind oxbow lakes and low terraces between the old 

river bank and the new channels. Such low terraces were denominated 

meander terraceso 

The meander terraces were below the general level of the land

scape, but high enough to escape most seasonal inundations<> Their 

soils were coarse-textured and still showed a pattern of parallel old 

riverbanks left behind by the retreating river<> Because of this 

moderately drained habitat, with a fluctuating water level very 
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close to the surface, the vegetation developing here approximated 

the T® vestitus-Ao purpusii savanna most. 

On the higher ridges, Axonopus purpusii was the dominant grass 

and occasionally shrubs and Acrocomia palms could be found. In the 

lower parts between the old banks, grasses able to withstand periodic 

shallow inundations, such as Leersia hexandra, Panicum laxum or Pa-

nicum tricholenoides, were found. Where the soil textures were 

finer, a L. 1anaturn type savanna would develop, with extensive groves 

of Acrocomia palms and associated treeso 

A recent meander terrace of the Casanare river was visited 

during the survey. The river level was 50 cm below the terrace 

level, which itself was 370 cm below the level of the surrounding 

alluvial overflow plain. On the terrace, some of the lower areas 

were inundated to a depth of 10 cm0 Older meander plains were visited 

near the Upia and Tocaria rivers. 

Escarceos 

Escarceo was a term developed by the survey team to describe a 

characteristic feature of the aeolian plain. On aerial photographs, 

a series of wavy, approximately parallel lines could be discerned, 

which more or less followed contour lineso In the field, these lines 

translated into assymetrical ridges, v/ith a steeper side on the down-

slope side of the terrain. The ridges had a measured maximum height 

of 50 cm, but usually were around 10 cm high; the slope of the terrain 

was less than one percent. The height of the escarceo was related to 
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the depth of inundation, as they never were under water, even at 

the height of the rainy season. 

Because of its drier non-inundable habitat, the tops of the 

escarceos supported a vegetation of a slightly drier type than that 

of the surrounding region. In association with the Mesosetum savanna, 

a narrow line of tall grasses developed on the steep side of the es-

carceo, including such species as Panicum virgatum and P. tricho-

lenoides, both five to six feet tall. The vegetation on top of the 

escarceo was dominated by Trachypogon ligularis, mixed with elements 

of the L0 lanatum savanna, such as the grass Eriochrysis holcoides 

and others. On the gentle downslope, this vegetation would grade into 

the inundable savanna again. 

Where the surrounding vegetation was of drier type, the top of 

the escarceo would support a correspondingly drier vegetation, as 

was noted for example at site JB 126 for which data were presented 

in Table 7° 

Corrugations 

Another newly named pattern, characteristic of the high plain 

this time, were the corrugations. These formed a pattern of shallow 

drainage lines leading from higher areas towards drainage channels 

on slopes of one to two percent. 

In the field, the individual corrugations were barely discernible 

as depressions of about 20 cm below the general level of the landscape, 

but they stood out in unburned vegetation because of the taller devel

opment of the grasses in them. During the rainy season, water from 
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rainfall collected in the depressions and flowed towards the main 

drainage channels. This resulted in a more humid habitat with slight 

organic matter accumulation. Typical species of the corrugations, 

in addition to the regular species of the surrounding savanna type, 

were the grasses Digitaria neesiana, Paspalurn virgaturn, Sporobolus 

cubensis and the low shrub Byrsonima verbascifolia. The surrounding 

savanna types usually belonged to one of the dry savanna group. 



HABITAT TYPES AND VEGETATION MAP 

The first division of the study area was made on the basis of 

geomorphology into six natural regions. In mapping the vegetation, 

these regions were further subdivided into habitat types, areas with 

distinctive characteristics within which the vegetation could be 

correlated with topographical featureso 

Habitat types were used as mapping units, but their best inter

pretation is in the schematic cross sections accompanying each habitat 

description. There the vegetation, soil and topographical features 

of each habitat type are shown as found in the fieldo The nomenclature 

of habitat types is based on dominant land form and most character

istic vegetation type. 

The vegetation map (included at the end of this paper), drawn to 

a scale of 1:500,000, shows the boundaries of each habitat typeo In 

addition, the sites visited by the author or his assistants are marked 

and numbered. A total of 26 habitat types were recognized in the six 

natural regionso 

Piedmont Habitat Types 

At the foot of the Cordillera Oriental of the Andes mountain 

chain, a narrow strip of land was found in which the coarser materials 

transported by the rivers were deposited in the form of alluvial fanso 

The apices of these fans were located at the sites where the rivers 

leave the mountains, and the materials were deposited in the form of 

9** 
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were marked by coarser gravel 

Where the deposits were 

an unfolded fan over the level llanos region. The diverging lines 

of the old abandoned riverbeds were still visible in these fans and 

Is and large boulders® 

exceptionally heavy, the individual fans 

merged into terraces and mesas, as between the rivers Tua and Guacavia 

in the southern part of the piedmont region. Because of differences 

in parent materials between the northern and southern extremes of this 

region, it was divided into three zones: northern, central and 

southern. A total of six habitat types were encountered in this re

gion. 

The total surface of the piedmont region was approximately 

i 1 
700,000 hectares (3000 square miles) ,  extending in a narrow strip 

all along the foot of the mountains and from 10 to kO km wide. The 
! 

habitat types found here had several complexes of the Trachypogon sa

vannas and mixtures of piedmont forest and Melinis minutiflora savanna, 

Trachypopion vestitus savanna of the stony fans (Tp) 

At the foot of the Sierra Nevada del Cocuy, the highest part of 

the Cordillera Oriental, rising to over 17>000 feet, a series of stony 

fans was found between the Casanare and Cravo Norte riverso Formed 

principally by sediments deposited by the Casanare, Purare, Tarne and 

Cravo Norte rivers, the soil textures of these fans were very coarse 

Surface areas were determined by planimeter from vegetation map. 

Symbol in parentheses refers to map symbol of the habitat type<> 
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and the abandoned riverbeds within these fans v/ere marked by boulders 

of up to six feet in diameter (see fig. 5) <, The stony fans filled a 

syncline between the Andes and a series of foothills rising along 

the anticline running•north from Corozal through Tame. To the east 

of the foothills a series of lower fans with finer soil textures was 

found# 

Because of the excessive drainage characteristics of the coarse 

soils of these stony fans, the habitat was dry and the Trachypogon 

vestitus savanna was the most widespread vegetation type. Only in 

the abandoned riverbeds, marked by shallow depressions, was the more 

humid Trachypogon ligularis savanna found. On the stony fans of Tame, 

some natural springs were found, possibly created by secondary faults 

under the fan and a discontinuity of the strata. These springs were 

marked by a growth of Mauritia minor palms and forest, crossing the 

savanna in straight lines* 

The habitat type is illustrated in a schematic cross section in 
I 

fig. 60 

Complex of Trachypogon vestitus-Axonopus purpusii and Trachypogon 

ligularis savannas of the lower alluvial fans (Tl) 

The lower alluvial fans v/ere found spread out at the foot of the 

mountains almost along the whole length of the Cordillera Oriental. 

They were distinguished from the higher alluvial fans and foothills 

by the finer textures of their soils, which had been derived from 

deposits transported some v/ay inland from the base of the mountains. 

Alternating with the finer soils were the old abandoned stream courses, 
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T-iC" 

Figure 5 

Stony alluvial fan of the piedmont region 

In the foreground large rounded boulders can be seen, depo
sited in this abandoned river course with Trachypogon ligularis 
savanna. Trachypogon veatitus savanna covers the higher ground 
further back. The small forest developed along a series of springs 
in this alluvial fan. 
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marked by gravel deposits and a slight concavenesso The alluvial 

fans were among the most recent formations in the llanos, deposited 

since the end of the last ice age, when the melting of the snow and 

ice cover of the Andes caused much erosion and the swollen rivers 

transported large quantities of coarse materials. The soils derived 

from these deposits were not as heavily leached and retained some of 

their original fertility,. 

On the higher, better-drained parts of the lower fans the Trachy-

pogon vestitus-Axonopus purpusii savanna was found, often with groves 

and Acrocomia palms (see figo 7)* I"- the lower depressions, along 

present-day drainage channels, the Trachypogon ligularis savanna was 

more common, sometimes with small forest relicts. On the abandoned 

streambeds and their gravel soils, a low poorly-developed forest was 

found, similar in composition to the forests along the river terraces 

in this region but with smaller trees. V/here these abandoned stream-

beds were narrow, and bordered by savanna on both sides, the forest 

was often replaced by strips of Trachypogon vestitus savanna, indi

cating the excessive drainage characteristics of such siteso 

A schematic cross section of this habitat type, with its four 

land units is presented in fig. 8. The fifth land unit in this section 

belongs to the higher fans. 

Trachypogon ligularis savanna of the piedmont terraces (Tt) 

In the southern part of the piedmont region, older alluvial 

deposits, of Tertiary and early Pleistocene age, were foundo The soil 

textures of these fans were fine, and some of them had been cut off on 
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Figure 7 

Grove development on the lower alluvial fans 

In the Trachypogon vestitus-Axonopus purpusii savanna typical 
of much of the lower alluvial fans, many groves develop around a 
nucleus of a palm of the genus Acrocomia. In this picture various 
stages of grove development can be seen* 
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their eastern edge by faulting and subsidence subsequent to their 

formation, leaving them as high terraces. Natural erosion had dis

sected several of such terraces, leaving a landscape of steep-sided 

foothills. 

The habitat type was best expressed between the Humea and 

Cusiana rivers, where the Mesa de Aguaclara and the Mesa de San Pedro 

de Upia were the largest representatives of this type of terrace; 

smaller ones were found at Tauramena and Monterrey. Although drain

age of the terrace soils was good, due to their elevated position, 

the high precipitation along the Andes in this southern region re

sulted in humid conditions. 

On the level high terraces the Trachypo^on ligularis savanna 

was the most widespread vegetation type, developing towards the Anaro-

xiogon savanna in poorly-drained depressions. At the edges of the 

terraces, the grass Trachypogon vestitus became more common in the 

species composition of the savanna as drainage increased. On the 

steep banks, the Paspalum carinatum savanna was found, a savanna type 

also dominant on the dissected landscape of the foothills. Occasional 

forest relicts were found in this habitat type, indicating possibly 

a formerly more extensive forest cover. 

A schematic cross section of this habitat is included in fig® 

11 with the alluvial terraces® 

Melinis minutiflora savanna of the mesas (Mm) 

Around the town of Medina, north of Villavicencio and between the 

Andes and an eastern spur of this mountain chain, a series of early 
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Pleistocene deposits filled this depression with very fine-textured 

materials high in mineral content. Subsequent erosion dissected 

these deposits, leaving a number of flat-topped mesas and low hills 

in this area. The fine soil textures continue south down to the 

Guatiquia river, and some were found even further south on the Mesa 

of Apiay. The level tops of the mesas were cleared of forest since 

before historical times (Echevarria 1869)» Since the introduction 

of Melinis minutiflora at the end of the 19th century, this grass 

has found this habitat well-adapted to its requirements and has be

come naturalized and spread over most of this area on level terrain, 

A schematic cross section of this habitat type and its various 

land units is presented in fig. 9° It often occurred as a complex 

with the forest habitat described in the following section. (see 

figo 10). 

Forest of the piedmont foothills (Be) 

All along the foot of the Andes, the coarsest materials brought 

by the rivers and by gravity from the mountains were deposited in a 

narrow strip as piedmont foothills and higher alluvial fans. The 

remains of piedmont forest were formed on the undulating and acci-

dented topography of this area. In spite of its steep slopes, this 

area was rather densely settled with many scattered huts and other 

dwellings. Under this rather heavy pressure of continuous clearing 

and burning, much of the original forest had been removed and re

placed by cultivated fields and abandoned cut-over areaso 
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Mesas of the southern piedmont region 

In the southern part of the piedmont region several flat-
topped mesas are the only remnants of the fine-textured sediments 
which filled this area. Piedmont forest has been largely replaced 
by Melinis minutiflora savanna on the level areas and only second
ary forest maintains itself on the slopes and some mesa tops* 
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Thus this forest habitat was mostly covered with savanna at the 

time of the survey. Paspalurn pectinatum savanna was the most wide

spread vegetation type, with scattered trees of Curatella americana 

and Bowdichia virgilioides as the first stages in succession towards 

secondary foresto 

A schematic cross section of this habitat type was included in 

figs. 6 and 80 

Alluvial Terraces Habitat Types 

The piedmont region merged in the south with the alluvial ter

races region, an extensive area of terraces at various levels. The 

region extended up to 80 km out from the base of the Andes and spread 

from the Guacavxa river to the north to the Ariari river to the south. 

The total surface area of this region was close to one million hec

tares (^300 square miles), but almost one third of this was occupied 

by wide floodplains of the numerous large rivers which cross this 

regiorio 

The alluvial terraces were laid down at various levels, partly 

in correlation with age of terrace and partly because of cross-

faulting subsequent to the deposition of the terraces. The general 

pattern showed three levels of terraces, all with a slight downward 

slope to the easto The highest level was found close to the Andes, 

giving way to the east to the lowest level, with steep banks up to 

50 m high. The low terraces extended eastward until the slightly 

higher intermediate terraces were encounteredo These last terraces 

extended in a narrow area between the low terraces and the high plain 

of older geologic age<> 
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Because of slight differences in vegetation development, the 

alluvial terraces were divided into three parts, ranging from northern 

through central to southern alluvial terraces, each including high, 

low and intermediate terraces. In the northern part, the high ter

races were included in the piedmont region as piedmont terraces, 

because of certain geological affinities to that region. In the 

southern part, some of the high terraces extended all the way to the 

high plain, without low or intermediate terraces. 

The west-east running rivers crossed all terrace levels and were 

accompanied by river floodplains, which were at a lower level than 

the low terraces. The whole region was of recent geological age, 

late Pleistocene and Holocene, and leaching of the soils had been 

light. This resulted in the alluvial terraces region being one of 

the most fertile, and most densely settled, regions of the study area. 

The habitat types found within this region included one forest 

habitat and several derived and true savanna habitats. 

Complex of Trachypogon vestitus-Axonopus purpusii and Leptocoryphium 

lanatum savannas of the northern low terraces (Td) 

The low terraces north of the Guacavia river merged with the al

luvial overflow plain and a faint pattern of natural levees and basins 

could be discerned in them. Because of their position at a higher 

level than the river floodplains in this region, drainage was better 

than on the alluvial overflow plain proper and conditions were not as 

humid. The levees also occupied a larger percentage of the total sur

face, reaching up to 50 percent on some terraces. 
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West of these low terraces were the high piedmont terraces, sepa

rated from the low terraces by steep escarpments along the southern

most extension of the fault line which separates the Andes from the 

llanos# Occasionally a lower alluvial fan would extend out from these 

piedmont terraces and cover part of the low terraces. 

The complex of natural levees and basins created a vegetation 

complex of To vestitus-A. purpusii savanna on the better-drained 

levees and L. lanatum savanna in the lower basins. A schematic cross 

section of this habitat is presented in fig. 11, which also shows its 

relationships to the adjacent high and intermediate terraces» 

Within this habitat type, just west of the Tua river, a circle 

of low hills rose above the general level of the landscape. These hills, 

locally known as the Hills of Garibayona, were a buried remnant of the 

higher piedmont terraces also found further west® The vegetation of 

the hills consisted of T. vestitus savanna in the lower central part 

of the ring and P. carinatum savanna on the rocky slopes and summits. 

Trachypogon vestitus-Axonopus purpusii savanna of the northern inter

mediate terraces (Ti) 

Along the left bank of the Meta river, between the Humea and Upia 

rivers, the northern intermediate terraces were found. They occupied 

a position similar to the intermediate terraces further south, but 

showed somewhat more humid conditions. 

The vegetation of the northern intermediate terraces reflected 

these more humid conditions with the Trachypogon vestitus-Axonopus 

purpusii savanna as the most widespread savanna type. Many tree groves 
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were also encountered here and in the lower depressions the Andropogon 

savanna was foundo A cross section of this habitat was presented in 

f xg. 11 • 

The town of Cabuyaro, located on one of these terraces, was a 

.thriving community and river port until the end of the last century# 

As unloading point of cattle moving upriver from all over the llanos 

to market in Bogota, the savanna of the terrace of Cubayaro had been 

under heavy grazing pressure. This was still reflected in the condi

tion of the savanna at the time of the survey; only by comparing spe

cies lists was the similarity to the T. vestitus-Ao purpusii savanna 

apparent, the relative importance of the various species in the bota

nical composition had changed considerably and many invaders were 

found in the savanna, including shrubs and many scattered trees. But 

even under such conditions the groves had not extended over a major 

portion of the savanna and appeared rather stable in size. 

Leptocoryphium lanatum savanna of the low terraces (Lb) 

In the central part of the alluvial terraces region, the low 

terraces represented the most humid habitat type, outside of the 

floodplains of the river.' The low terraces were not inundable, but 

they usually had poor drainage and could develop extensive areas of 

standing puddles during the rainy season. Some shallow zurales were 

found in places. 

The most common savanna type in this habitat was the Leptocoryphium 

lanatum savanna. Along stream borders, where drainage was somewhat 

improved, Trachypogon ligularis savanna was found, with many individual 



Piedmont terrace Lower alluvial fan Northern low terrace 
Northern interme
diate terrace 

Map symbol Tt T1 Td Ti 

Cross 
section 

l 40 m 

vertical 
scale 

^\ 
«, « « # 

Cross 
section 

l 40 m 

vertical 
scale 

^\ 
Relief slightly concave gently undulating levees and basins 

Level with de
pressions 

Elevation 200 - 500 meters above sea level 

Relative 
extension Small Small Medium Medium 

Vegetation T. ligularis sa
vanna 

T« vestitus sa
vanna near the 
edges 

P. carinatum sa
vanna on the 
steep slopes 

T. vestitus-Ao pur-
pusii savanna al
ternating with Te 
ligularis savanna 

Tree groves 

To vestitus-A. pur-
pusii savanna on 
the levees 

Lc 1anaturn savanna 
in the basins 

T. vestitus-A. 
purpusii savanna 
with groves and 
Curatella ameri-
cana 

Andropogon savan
na in the depres
sions 

Figure 11 

Savannas of the northern alluvial terraces and southern piedmont 
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trees of Curate 11a americana. In lower places and zurales, the And.ro-

pogon savanna had developed,. A schematic cross section of this habitat 

is included in fig. 12o 

Some of the low terraces had remnants of forest vegetation and on 

abandoned cultivated fields shrubs of Miconia sppo and Vismia spp«» were 

the first invading woody plants after an initial cover of Hyptis sppo 

had become established. Lo lanatum and Andropogon sppo occurred mixed 

with these scattered shrubs and would be favored over the shrubs under 

conditions of repeated burning. This practice was becoming less com

mon, however, as the area became more densely settledo 

Trachypop;on vestitus savanna of the intermediate terraces (Tm) 

East of the low terraces, along the left bank of the Metica river, 

the intermediate terraces were found* These terraces were intermediate 

both in elevation and in position, as they formed the boundary area 

between the alluvial terraces region and the high plain. 

The vegetation of these intermediate terraces showed character

istics of both regions. This rather dry habitat was covered largely 

by Trachypogon vestitus savanna, but some Trachypogon ligularis savanna 

could be found along the banks of streams, mixed with Curatella ame

ricana <. Many of the drainage ways of the intermediate terraces were 

shallow wide depressions, similar to the "esteros" of the level high 

plain. A schematic cross section of this habitat type was included 

in figo 12, 
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Melinis minutiflora savanna of the high terraces (Mf) 

The high terraces north of the Guayuriba river had. some of the 

characteristics, principally the fine soil textures, of the mesas 

of the southern piedmont region. The vegetation consisted largely 

of Melinis minutiflora savanna (see fig. 13)«> The main difference 

between the mesas and these high terraces was, that the latter had 

a drainage system of wide shallow esteros, elongated and intercon

nected low depressions which would flood in the rainy season and serve 

as drainage ways, far beyond the capacity of the rather narrow stream 

channels cut into them. The typical estero vegetation was Andropogon 

savanna, with rows of Mauritia minor palms along the lines of deepest 

inundation. 

The most extensive high terrace of this habitat type was found 

east of Apiay, with another one further north, just east of Cumaralo 

A cross section of the habitat type was presented in figo 12. 

As the main savanna type is not a natural savanna, it is possible 

that the original vegetation on this habitat type was alluvial terrace 

foresto Few traces of this forest remained, however, under the in

fluence of repeated clearing, cultivation and burningo At the time 

of the survey, most of this area was under pasture as a cattle fat

tening area. 

Forest of the alluvial terraces (Bt) 

Not much was left at the time of the survey, of the original 

forest which extended up to 25 km out from the base of the Andes in 



Figure 13 

High alluvial terrace with Melinis minutiflora savanna 

The high alluvial terraces with fine-textured soils are the 
habitat of the Helinis minutiflora savanna. In this picture the 
almost continuous cover of Melinis minutiflora is only broken by 
scattered bunches of Snorobolus indicus. 
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the alluvial terraces region. Only some place names, such as Boca 

de Monte, still testify to the original extension of forested area. 

The combination of high rainfall, good drainage and fertile 

soils resulted in a forest habitat in this areao Forest regeneration 

under these conditions was sufficiently rapid to maintain forest, even 

under occasional clearing and cultivation. Bates in 19^8, still 

found extensive forest areas outside of Villavicencio, and it was only 

since 195^ that increased rate of development in this region removed 

forest faster than it could reestablish itself. At the time of the 

survey, various forest patches of different ages marked some abandoned 

fields, but clearing was proceeding at an increased rate. 

Paspalum pectinatum savanna of the southern high terraces (Pa) 

The high terraces south of the Humadea river showed some character

istics which set them apart from the high terraces further norths The 

two main high terraces in this area were the terraces of San Martin and 

San Juan de Aramao 

An apparently different geological history was reflected in dif

ferences in soils and geomorphological featureso Fault lines in this 

area ran from east to west, leaving elongated lower areas within the 

high terraces. On the terrace of San Martin, this depression ran paral

lel to and just north of the Ariari river, while in the terrace of San 

Juan the depression ran through the center of the terraceo The soils 

of these southern high terraces were underlain with a layer of hardened 

laterite at a depth of less than one meter, resulting in impeded 

drainage• 
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The Paspalurn pectinatum savanna was the most common savanna type 

encountered in this habitat type. Only in the wet esteros was this 

savanna replaced by the Andropogon savanna. On the lower level of 

these terraces, the Trachypogon ligularis savanna reflected more 

humid conditions.. These lower levels were also characterized by the 

presence of many tree groves and individual Curatella americana. A 

schematic cross section of this habitat type is presented in figo 1^. 

Between the Guayuriba and Acacias rivers, only the lower level 

of this high terrace was found but, because of its relative elevation 

above the level of the nearby rivers, drainage was somewhat improved 

and a savanna type intermediate between the Po pectinatum and T. ligu-

laris savannas, with extensive development of tree groves, was found. 

Alluvial Overflow Plain Habitat Types 

The alluvial overflow plain was a low inundable region, which 

extended between the piedmont region in the west to the aeolian plain 

in the east. To the south it merged into the low terraces near the 

Upia and Meta rivers and was bordered by the level high plain on the 

other bank of the Meta river«> To the north, the region extended 

into Venezuela, beyond the Arauca river and boundary line of the study 

areao The total area of the region within Colombia was 3*350,000 ha 

(14,500 square miles). Elevation was between 150 and 250 meters 

above sea level, with a very gentle slope in an easterly and northerly 

direction; in Venezuela its lowest point is at 75 m above sea level® 
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The alluvial overflow plain was characterized by a landscape 

of natural levees and low basins (see fig. 15)® Alluvial materials, 

brought in from the Andes, were deposited along drainage ways and, 

during the rainy season, in extensive flooded basins. This resulted 

in a pattern of raised levees with coarser-textured soils, alter

nating with depressed basins with finer-textured sedimentso Occa

sional breaks in the levees resulted in the deposition of coarser 

materials in the form of overflow fans radiating out from the break 

point on the levees and covering part of the adjacent basin. 

Although most of the levees marked abandoned drainage channels, 

some were still-functioning drainage ways. In that case a narrow 

stream, or "cafiada", ran along the center of the levee. Near the 

Andes, the reticulate drainage pattern of the zurales covered ex

tensive areas. Beard (1953) called the zurales by the name of hog-

wallows in Trinidad, and a somewhat similar pattern was described by 

Vesey-Fitzgerald (1963) in central Africa. 

Two habitat types were recognized within the alluvial overflow 

plain region. The major part of the region was covered by savannas 

in a complex of two savanna types on the levees and basins, respec

tively, while north of the river Tame a forest habitat was encountered, 

covering about 550,000 ha (2^00 square miles) of this region in Co -

lombia and extending into Venezuela. 

Forest of the alluvial overflow plain (Bd) 

The coarser parent materials which formed the stony fans in the 

northern piedmont region, also extended over the alluvial overflow 
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plain north of the river Tame. Although the same pattern of levees 

and basins was maintained, the soil textures in this northern area *• 

were relatively coarser compared to the counterpart soil textures 

further south. This was the only physical factor which distinguished 

this part from the rest of the region, but apparently it was the reason 

behind the development of a seasonal swamp forest habitat instead of 

a savanna habitat. 

During the rainy season, the basins would inundate up to a depth 

of one meter and only the levees remained above the level of inun

dation. Much of this inundation was due to lack of surface drainage 

of this level area which lay at about the same level as the swollen 

rivers. Internal soil drainage was good, even in the basins, and the 

water level was in constant fluctuation with the rise and fall of the 

adjacent rivers. 

At the savanna-forest boundary, savanna had replaced some forest 

with the help of recurrent fires. The fire influence was visible in 

the pattern of savanna on the windward side of the rivers and forest 

to the lee of this natural firebreak. The savanna which replaced the 

forest in this habitat was the Trachypogon ligularis savanna in the 

basins and the Trachypogon vestitus savanna on the levees. Tree groves 

and forest relicts interspersed the T. ligularis savanna, which also 

had many tall grasses in its composition. 
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Figure 15 

The alluvial overflow plain 

The typical pattern of high levees and shallow basins of the 
alluvial overflow plain is readily apparent. The fine reticulate 
pattern in the foreground is a zural. Shrubs are found only on the 
levees( but some palms grow in the basins; a gallery forest follows 
the drainage channels* 



121 

Complex of Andropogon savanna and Trachypogon vestitus-Axonopus 

purpusii savanna of the basins and levees of the alluvial over

flow plain (Ab/Td) 

Over most of the alluvial overflow plain, the pattern of basins 

and levees was correlated with very heavy soils in the basins, with 

poor internal and external drainage, and coarser-textured soils on 

the elevated levees, with internal drainage varying with the depth 

of the levee deposits. 

This resulted in a complex pattern of alternating savanna types 

related to drainage conditions. In the basins, the Andropogon savan

na was found, sometimes well-developed in all strata, but often re

duced to only the lower stratum in the deeper parts of the basins. 

The centers of some basins retained water well into the start of the 

dry season, forming small lakes which would eventually dry out, 

leaving bare flats of cracked soil and treacherous mud as the dry 

season advancedo 

On the levees the T* vestitus-A. purpusii savanna was the most 

commonly found type, often reduced to the Axonopus purpusii phase 

without Trachypogon vestitus as the habitat became more humid. On 

some low levees, or on levees with canadas, the more humid T. ligu-

laris and L„ lanatum savannas were encountered, while near the 

aeolian plain the T0 ligularis-P. carinatum savanna was found on some 

sandy levees. 

In the basins with zurales, the Andropogon savanna was closely 

associated with the T. vestitus-Ao purpusii savanna, with the 
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inundable savanna in the channels and the dry savanna, mixed with 

some more humid elements, on top of the zuroso 

A schematic cross section of this habitat type is presented 

in'fig. 16. 

Aeolian Plain Habitat Types 

The aeolian plain was another low inundable region, overlying 

the eastern part of the alluvial overflow plain® It extended north

ward into Venezuela beyond the boundary of the study area. To the 

south it narrowed into a point, ending in a series of low dunes 

along the left bank of the Manacacias river. To the west, the Meta 

river formed the natural boundary of the region, with the exception 

of a small area on the level high plain north of Orocue, where 

aeolian deposits covered part of that region. With an elevation 

between 1^+0 to 200 m above sea level, the aeolian plain covered an 

area of approximately 2,^00,000 ha (10,^00 square miles). About ten 

percent of this area consisted of dunes. 

The aeolian plain was characterized by two typical geomorpholo-

gical features, elongated dunes and escarceos (see page 91 )• The 

dunes were found throughout the area, but decreased in frequency 

and area covered as one moved south; their most extensive cover was 

found in Apure in Venezuela. 

The habitat types found in the aeolian plain were five, one 

derived savanna on the dunes and four natural savannas in the plain. 

The remnants of forest on the dunes were not studied sufficiently to 
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be described as a separate forest type, and the area of dunes with 

forest was too small to be marked on the map<» 

Trachypogon ligularis-Paspalum carinatum savanna of the dunes (Te) 

The sandy dunes found throughout the aeolian plain were the 

habitat type for T° ligularis-P. carinatum savanna. The dunes were 

elongated deposits of coarse sandy materials, extended through the 

action of the prevalent northeast trade winds on exposed dry sandy 

beaches along major rivers in earlier geologic times* Some dunes 

extended up to 20 km southwest from their point of origin. The 

height of the dunes varied from 20 m above the inundation level to 

only a few meters for some of the southern dunes. The long dunes 

alternated with almost equally long swales, which were permanently 

wet and inundated. The coarse soils of the dunes had a fine and 

medium sand fraction of almost 80 percent of the total. In the 

swales some organic matter accumulated under conditions of permanent 

humidity# 

The predominant T» ligularis-P. carinatum savanna was modified in 

the direction of a T. vestitus savanna along the lower edges of some 

of the dunes. This apparent contradiction of a drier savanna in the 

more humid conditions closer to the inundation level might be ex

plained by the fact that these relatively shallow edge deposits had 

less water-storage capacity and did not maintain the necessary humidity 

to support the wetter savanna type throughout the dry season. 
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In the swales, a vegetation type similar to the Andropogon 

savanna was found, often with a large number of Scleria spp. and 

other sedges in the composition. The edge of the inundation level 

between a swale and the dune was usually marked by a single row of 

Mauritia minor palms (see fig. 17)• 

A schematic cross section jf this habitat type is presented 

in fig. 18. 

Leptocoryphium lanatum savanna of the aeolian plain (Le) 

The depth of inundation in the aeolian plain varied from less 

than 10 cm to more than 40 cm. The four savanna types of the aeolian 

plain were correlated with this depth of inundation. On the least 

inundated part, the L. lanatum savanna was found. With only shallow 

inundations, the escarceos of the aeolian plain were not well-

developed and vegetation differentiation was at a minimum. This was 

the main feature which set the aeolian plain south of the river 

Pauto apart from the rest of the region. 

In this southern area, the aeolian deposits were not very thick, 

and occasional half-buried levees of the underlying alluvial overflow 

plain would rise out of the aeolian plain here. 

The greater part of the southern region was under L. lanatum 

savanna and only in some of the deeper esteros did Mesosetum savanna 

appear. On the occasional levees, T. vestitus-A. purpusii savanna 

was found, while stream borders, with better drainage, would have T. 

ligularis savanna, often with Curatella americana. The habitat type 



Figure 17 

Dune and swale in the aeolian plain region 

Trachypogon ligularis-Paspalum carinaturn savanna covers the 
dune in the foreground, giving way to a dense stand of Scleria sp. 
and other sedges in the inundated swale beyond the row of moriche 
palms* The center of the swale is too deeply inundated to sup
port vegetation. 
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is shown in a schematic cross section in fig. 19» except for the 

stream borders which are shown in fig. 22« 

Complex of Mesosetum savanna and Leptocoryphium lanatum savanna of 

the aeolian plain (Me) 

North of the Panto river, inundations were frequently deeper 

and the habitat was more humid. Here the Mesosetum savanna covered 

large areas, alternating with the L„ lanatum savanna on less humid 

sites along the border of the aeolian and alluvial overflow plain, 

where the aeolian deposits were less deep. 

Escarceos were well-developed in this area (see fig. 20). On 

the eastern side of the Meta river, where aeolian material covered 

part of the high plain, the escarceos were generally wider, merging 

more gradually into the adjoining low areas. 

Along the better-drained stream borders, wide bands of To ligu-

laris savanna with Curate11a americana could be found. A cross 

section of this habitat type is included in figs. 19 and 22« 

Mesosetum savanna of the aeolian plain with saladillales (Ms) 

As inundation levels increased, to depths between 20 and JO cm, 

the presence of saladillo trees (Caraipa llanorum) would character

ize the habitat (see fig. 21). Such areas usually were collection 

basins for drainage waters of a larger area and formed the head

waters of small streams. 

Caraipa llanorum would be found growing in the water and did 

not occur on top of the escarceos which crossed such saladillal areas. 
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Figure 20 

Escarceos and estero in the aeolian plain region 

The level aeolian plain region shows a characteristic pat 
tern of low ridges, or escarceos. In the lower right hand cor 
ner an inundated shallow depression forms a drainage way, or 
estero, with moriche palms. 



Figure 21 

Saladillal of the aeolian plain region 

The saladillal is an area where the saladillo tree (Caraipa 
llanorum) occurs in monospecific stands. The underlying savanna 
is inundated in the rainy season and is a phase of the Mesosetum 
savanna* 
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The underlying herbaceous vegetation continued to be Mesosetum 

savanna. A schematic cross section of this habitat type is in

cluded in fig. 22© 

Mesosetum savanna of the aeolian plain with palms (Mp) 

South of the Ariporo river and southwest of the town of Cravo 

Norte, an extensive low depression was found which was inundated to 

a depth of more than 40 cm during the rainy season. This depression 

would remain permanently humid, even during the dry season. A faint 

pattern on aerial photographs indicated an apparent buried fault 

system along the edges of this depression, connected with a possible 

subsidence of tl ;e area0 At its eastern edge, as inundation levels 

decreased, the palm vegetation merged into a saladillo habitat. 

The depression habitat was unique within the study area, and 

was characterized by extensive stands of Mauritia minor palms, under

lain by a modified Mesosetum savanna (see fig. 23)• Mauritia minor 

does not develop well under permanently inundated conditions, and 

was often found growing on top of escarceos, a distinguishing feature 

in' aerial photographs. A cross section of this habitat type is in

cluded in fig. 22. 

High Plain Habitat Types 

The high plain was the oldest of the six natural regions re

cognized within the study area. It was found east and south of the 

Meta river, extending eastward beyond the limits of the study area, 



Figure 23 

Moriche palms in the aeolian plain region 

Only in a limited area of the aeolian plain region are these 
extensive stands of moriche palms (Mauritia minor) found. The area 
is inundated to a depth of *f0 cm, but the tall grasses of the 
underlying Mesosetum savanna rise above the water level. 
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up to the Orinoco river. To the south, it merged gradually with 

dissected topography of the Amazon watershed south of the Guaviare 

river. To the north, the aeolian deposits on top of the high plain 

formed a boundary just south of the Colombian-Venezuelan border. 

With, a slight downward slope in a northerly direction, the elevation 

of the region was between 200 and 300 meters above sea levelo The 

total extension of the region, within the study area, was close to 

^,000,000 ha (17»500 square miles). 

Originally formed by the deposition of materials eroded from 

the Andes mountain chain in the west, the region was separated from 

these mountains by the subsidence of the intermediate alluvial over

flow plain region. The aeolian materials which covered the eastern 

part of this last region also covered a small area in the northern 

part of the high plain. 

As the erosion base, determined by the Orinoco river, was 

lowered, most of the high plain was eroded into a dissected landscape 

with flat-topped hills. Only a relatively narrow area along the Meta 

river remained as level high plain. 

South of the Meta river, the Gasibare and Manacacxas rivers formed 

the erosion base of this part of the high plain. Dissected high plain 

was found to the north and west of these rivers and an area of gently 

rolling and undulating high plain was found between the Casibare river 

and the Aria.ri river to the south. 

Of the five habitat types encountered in this region, one was 

a forest habitat type, one a derived savanna and the other three were 

true savanna habitats® 
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Complex of the high plain forest and Paspalum carinatum savanna of 

the dissected high plain (Ba/Pc) 

Although most of the dissected high plain was probably origi

nally covered by :;irest, only in the southern part of this area 

could a mosaic of relict forests and savanna still be discerned. 

The relict forests were most extensive south of the major 

rivers, which provided natural fire barriers against fires sweeping 

in front of the northeast tradewinds. Smaller forests could be 

found in narrow canyons and closed valleys which provided some fire 

protection. 

The area shown on the map as a complex of forest and savanna 

shows the major forest boundaries at the time of the survey, and 

includes many small savanna areaso Smaller forested areas were in

cluded in the savanna habitat of the dissected high plain. The 

savanna replacing tl.e forest vegetation in this habitat type was 

the Paspalum carinatum savanna. 

Paspalum carinatum savanna of the dissected high plain (Pc) 

The forest cover on the major part of the dissected high plain 

within the study area had been replaced by savanna vegetation, with 

only a few small relict forestso 

The topography of this area was one of steep hills and narrow 

valleys. The slopes of the hills were much eroded and occasional 

exposures of hardened laterite were encounteredo The valleys con

sisted of colluvial-alluvial materials deposited in layers of 

varying thickness. The slopes showed signs of several periods of 
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erosion, and redeposition in the valleys, and at the time of the 

survey the level valley floors were being eroded again (see fig. 

2*0. 

In some areas, the original level of the high plain was still 

visible in the flat tops of the hills, all on the same level. In 

other areas, the tops of the hills were rounded and of varying 

height. Difference in elevation between hilltops and valley bot

toms was about 30 while the maximum difference between the 

level of the high plain and the main river courses was 60 m. 

The strongly dissected topography and eroded soils formed a 

habitat for the Paspalum carinatum savanna on the hillsides, while 

in the humid valley bottoms the Andropogon virgatus savanna devel

oped on the organic soils along the streams. To the north of the 

major rivers in this habitat, narrow low terraces were found which 

had a slightly different environment. These terraces were probably 

covered by a phase of the Leptocoryphium lanatum savanna, but only 

one such terrace could be visited during the survey. A schematic 

cross section of this habitat type and its various land units is 

presented in fig. 25* 

Complex of Paspalum carinatum and Paspalum pectinatum savannas of 

the mesetas of the high plain (Pm) 

The mesetas of the high plain formed an intermediate landscape 

between the dissected and level high plain. The streams draining 

this area had started to dissect the level high plain, but so far 

only a series of small flat mesas at various levels had been formed, 



Figure 2b 

The dissected high plain 

The original level of the high plain iB still visible in the 
flat tops of the hills of this dissected high plain. Various le
vels of erosion and redeposition can also be discerned. Paspalum 
carinatum savanna covers the hill sides, while Andropogon savanna 
is found in the low parts of the valley. Moriche palms accompany
ing the stream course soon give way to gallery forest. 
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separated by steep banks. This topography was most extensive south 

of the level high plain on the eastern bank of the Manacacias river. 

The Paspalum carinatum savanna covered the steep banks and 

hills at the edges of the level areas. Where the topography was 

less steep, the Paspalum pectinatum savanna was more common. The 

Andropogon virgatus savanna was again found in the wide esteros and 

drainage ways. A schematic cross section of this habitat type was 

included in fig. 25° 

Complex of Paspalum pectinatum and Trachypogon vestitus savanna of 

the undulating high plain (Po) 

The undulating high plain presented a landscape of rolling hills 

and occasional flat areas (see figo 26). It differed from the ad

jacent dissected high plain in that the gallery forests of its streams 

were mostly of the pure morichal type, with a predominance of Mauritia 

minor palms, while the gallery forests of the dissected high plain 

tended to develop towards a type with more broadleaved treeso 

Although relatively flat, drainage of the area was good and the 

savanna types found in this habitat type were a complex of Paspalum 

pectinatum savanna on the many hills and Trachypogon vestitus savanna 

was found in the drainage ways. 

Complex of Trachypogon vestitus and Paspalum pectinatum savanna of 

the level high plain (Ta) 

The level high plain represented the last remnant of the early 

Pleistocene and older deposits which covered the llanos region from 



Figure 26 

The undulating high plain 

Slopes are gentle and the forest accompanying the stream 
courses is principally made up of moriche palm. The most ex
tensive savanna type here is the Paspalum pectinatum savanna. 
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the recently formed Andes mountain chain. Located along the eastern 

bank of the Meta river, it had an almost imperceptible slope to the 

east, where it merged with the dissected high plain. A smaller area 

of level high plain was found to the south of the Casibare river, 

where it intermingled with the undulating high plain. 

The topography of the level high plain was flat, only the wide 

shallow drainage ways, or estsros, dipped a few meters below the 

general level of the landscape. The vegetation of these level plains 

was mainly Trachypogon vestitus savanna, which was replaced by Paspa-

lum pectinatum savanna on the slopes leading into the esteros. Where 

the T. vestitus savanna extended down to the drainage ways, it was 

usually dotted with individual trees of Palicourea rigida. Down in 

the bottom of the esteros, the Andropogon virgatus savanna was found, 

giving way to a morichal type gallery forest along the streambed (see 

figo 28)0 

Many of the gentle slopes into the esteros, especially south of 

the Meta river, showed a distinctive erosion pattern. Scattered 

growth of small trees had protected the soil immediately below their 

canopies from erosion, leaving raised hummocks. Subsequent removal 

wf the trees by fire left these hummocks bare of pror,octive cover, 

but still visible in the field (see fig. 29) and on aerial photographs. 

A schematic cross section of the habitat type is presented in fig. 30» 

At the southern edge of the level high plain, just above the 

Guaviare river, the Trachypogon vestitus savanna was maintained only 

by recurrent burning, up to three times a year. Here the gallery 

forests of the rivers were of the assymetrical, fire-formed type and 



Figure 28 

The level high plain 

The level high plain is only interrupted by long shallow 
drainage channels, or esteros* The Trachypogon vestitus savanna 
of the high areas gives way to the Andropogon savanna and moriche 
palms in the esteroe. On the slopes down into the esteros the 
Paspalum pectinatum savanna shows up as a slightly lighter area. 



Figure 29 

HuromockB and tree growth on the level high plain 

Low hummocks topped by dead or dying trees, mostly Curate11a 
americana. rise up out of the level high plain covered by Trachy-
pogon vestitUB savanna* 
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the T. vestitus savanna on the slopes into the esteros was inter

rupted by small groves of Miconia spp., the first step in the 

succession toward forest reestablishment Cfigo 27) o 

Flood Plain Habitat Types 

The flood plains consisted of recent alluvial deposits along 

the major rivers. Many of them provided the most fertile soils of 

the llanos region, the only disadvantage being the danger of flooding 

during the rainy season or with a change of course of the riverbed. 

Because of the dispersed nature of the flood plains throughout the 

study area, it was difficult to measure the total area covered by 

this habitat, but it was estimated at around 700,000 ha (3000 square 

miles)o Almost half of this was located in the alluvial terraces 

region. 

The natural vegetation of the flood plains habitat was forest. 

Although this forest was highly productive in lumber and other forest 

products, most of it was cleared for cultivation of the rich flood 

plain soil. Flood plain habitat types were included in the cross 

sections of figso 9j and 16. 



TROPICAL SAVANNA IN RELATICM TO ENVIRONMENT 

When tropical savanna is discussed, the first division is 

between those who believe it is a natural vegetation formation and 

those who consider it a culturally derived vegetation, originated 

and maintained through the influence of man. Within these two view

points there are further division-, as to the exact environmental 

factor which causes the formation of tropical savanna. 

The survey of the Llanos Orientales is so far one of the most 

detailed and integrated studies of a tropical savanna region in 

South America. In the light of the new information brought to light 

by this survey, the various theories of the origins of tropical sa

vannas will be reviewed. 

Influence of Climate 

Climate is a major factor in all vegetation development and ever 

since the first studies of tropical savanna vegetation, the presence 

of a definite dry season has impressed the various investigators. 

Grisebach (1872) considered that a dry season could prevent tree 

growth, thus creating a savanna by the absence of a closed tree canopy. 

Schimper (1903) also talked about a "grassland climate", and consi

dered the climate of the Venezuelan llanos "hostile to woodland"0 The 

fact that many of the savanna areas are most accessible during the dry 

season has continued to influence many investigators who are impressed 

by the xeromorphic aspect of savanna vegetation in this season. This 
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led Bouillenne (1930) to postulate the presence of savannas in Brazil 

on the basis of a correlation with rain shadows, although no clear 

evidence for this theory could be presented. Others who adhered to 

the climatic theory of savanna origin were Hayek (1926), Bews (1929) 

and Myers (1936)o 

In a more modern treatment, Keay (1951) sets the climatic li

mits of true savanna in Nigeria, Africa, as a line demarcating an

nual rainfall below 50 inches and a mean relative humidity at 9 a.m. 

below 70 percent. Higher rainfall and humidity cause forest to de

velop. 

Others deny the existence of a savanna climate. Beard (1955) 

in his classification of climax vegetation in tropical America, 

places savanna at the end of an edaphic formation series; his series 

along a gradient of decreasing humidity slows only forest types. 

The vegetation classification of Holdridge (19^7), which is mainly a 

climatic classification, also does not recognize the existence of a 

savanna climate in its revised version (see Tosi 1960). 

Climatic data of the llanos of Venezuela and Colombia (Mejxa 

1959, Sanchez Carrillo 1960, Atlas Agricola de Venezuela 1960) show 

a variation in rainfall in that region from less than 1000 mm to 

more than 3000 mm per. year (^0 - 120 inches), with a dry season vary

ing in length from one month in the south to six months in the north

east. The savan:.; ,s of the llanos region are surrounded by forest 

vegetation, mostly of the seasonal evergreen or deciduous type, through 

out these variations in climate. No appreciable change in rnacro-climat 

could be discerned at the forest-savanna boundary. 
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Summary of climatic influences 

The theory of a seasonal wet and dry climate as a primary 

factor in savanna formation can be discarded now that more climatic 

data are available. These data show that a sequence of ever drier 

climates does not coincide with a sequence of tropical vegetation 

formations which includes savanna. The seasonally deciduous forests 

found north and south of the llanos represent the climatic climax 

type for what has previously been considered a "savanna climate" 

with alternating wet and dry seasons. 

Savanna vegetation is also well-adapted to such a seasonal 

change, however, and it is postulated that the combination of factors 

which cause savanna formation is most effective only under such cli

matic conditions. Concentration of rainfall in a limited rainy 

season permits a more luxuriant vegetation development than v/ould be 

possible if the same amount of precipitation was more regularly dis

tributed throughout the whole year. In the case of savannas, this 

allows the development of a sufficient quantity of plant material, 

in a dense cover, which becomes highly combustible upon drying in 

the following season. 

Any environmental factor which modifies climatic influences 

to such a seasonal pattern, will allow savanna development under dif

ferent climatic conditions. 
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Influence of Landscape 

After climate, landscape is the next most important influence 

on vegetation development. Included here in landscape as a factor, 

is the geological history and geomorphology of a landscape. The 

typical aspect of many savanna areas, as level land extending as 

far as the eye can see, has been noted by many observers, so much 

so that it was included in at least one definition of savanna (Lan-

jouw 1935)* As more information has become available, it is now 

clear that savanna vegetation also extends over undulating topo

graphy and even over quite steep slopes. 

The surveyed area of the Colombian llanos included both flat 

and undulating land, but it was found that the savannas on the un

dulating topography differed from those on the level areas. The 

last could be arranged along a gradient of interrelated types, 

while the savannas found on undulating topography usually had 

relict forests included within them and were considered to belong 

to the group of derived savannaso 

Forests and other tree growth on level areas 

Tree growth was not entirely excluded from the level areas, 

and some extensive forest areas were found here. The most important 

of" these was the forest of Arauca, the southernmost extension of the 

llanos forests of Barinas and Apure in Venezuela. According to 

Beard's (1955) classification, the forest of Arauca is a typical 

seasonal swamp forest, inundated during the rainy sc son. 
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Another forest type found within the flat llanos is the gallery 

forest found along most streams and rivers. In some cases the 

rivers overflow their banks each year and the limits of the gallery 

forests coincide with the extent of flooding, in which case the 

gallery forest is again a seasonal swamp foresto In other cases, 

the gallery forests occupy a strip of better-drained land along the 

river's course through a low poorly drained flat area. The stream 

provides moisture during the dry season, while the cut of the river

bed below the general level of the land surface improves drainage 

during the rainy seasono 

Besides forest, many scattered individual trees are found on 

the level savannaso Such open stands of trees are found under a 

variety of drainage conditions, which appear to determine in part 

the particular species of tree found. Thus Bowdichia virgilioides 

is found on excessively drained soils of dunes, while on the opposite 

end of the drainage scale Garaipa llanorum occupies low depressions 

within the aeolian plain, where water collects in the rainy season. 

Summary of landscape influences 

In spite of the exceptions, the correlation between flat topo-
) 

graphy and tropical savanna remains the factor most strongly asso

ciated with savannas* The problem is to determine how this feature 

of the environment acts to deflect normal forest development and 

causes savanna formation. Any causative factor or factors proposed 

to explain true savanna formation must be such as to be expressed 

more strongly in level terrain. 
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Influence of Soil 

Soil is a major factor of the environment and itself a product 

of the environment, influenced both "by climate and landscape in 

its development and in turn influencing vegetation development. As 

early as 1892, Warming recognized the importance of edaphic condi

tions in savanna originso 

Development of soils on a level topography under a humid cli

mate, may lead to impeded drainage conditions. Where the climate 

has alternating wet and dry seasons, this could lead to conditions 

of alternating waterlogging and desiccation of the soil profile and 

root zone. Bennett and Allison (1928) observed a relation between 

impeded drainage and savanna soils in Cuba, and similar conditions 

were found by Charter (19^+1) in Honduras, Waibel (19^8) in Brazil, 

Beard (1953) i*1 Trinidad and Venezuela, and Ahn (1959) and Vesey-

Fitzgerald (1963) in Africa. 

Impeded drainage is often caused by the formation of a cemented 

hardpan or plinthite layer of iron concretions. Such pans are more 

commonly found under savanna and some might be very old (Aubreville 

19^7)* The development of forest does not appear to be impeded by 

such a hardpan, however, and forest vegetation may eventually dis

solve existing iron concretions (Rosevaer 19^2, as cited in Budowski 

1956)0 Recently Santamaria and Bonazzi (l96*f) showed that at least 

one type of hardpan, under the high llanos of Venezuela, was formed 

by gravels in a matrix of clay cement, principally kaolin and illite. 

Upon wetting this matrix expanded and effectively sealed the hardpan 
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layer against further water percolation, affecting drainage condi

tions in the above-lying soil layer. 

High rainfall also influences soil development by causing rapid 

leaching of the soil. Pulle (1906) suggested that such leaching, 

and the consequent low nutrient status of the soil, could be a prin

cipal cause of savanna origin0 The low fertility results in a poor 

stand of forest which is replaced by less demanding scrub and savanna 

upon destruction of the forest by fire. This theory was supported 

by Lanjouw (1935) and Hardy (19^5) for the white sand savannas in 

the Guayanas of northern tropical South America. Heyligers (196*0 

recently gave a detailed description of such a savanna» 

A similar theory was developed by Jacques-Felix (19^+9) in Africa. 

He sugf-'Sted that some coastal savannas of '.Vest Africa had developed 

on soils derived from sterile marine deposits. Savanna development 

took, place here after the original forest vegetation on these sites 

was destroyed by clearing and burning and the soil was further dege

nerated by cultivation. 

Low fertility and leaching were linked with level topography 

by Cole (i960), who postulated that the lack of erosion on a flat 

surface prevented exposure of new unleached horizons for soil forma

tion. The edges, of plateaux, v/ith steep eroded escarpments, created 

more favorable fertility and drainage conditions to support forest 

vegetation. 

The combined soil and vegetation survey of the Llanos Orientales 

offered an unequalled opportunity to test some of the above theories 
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of soil influences in savannas. The large survey area included a 

great variety of soils, ranging through many age-, texture- and 

drainage classes. It was possible to correlate several features of 

both vegetation and soils at many sites. 

Savanna vegetation and soil groups 

For a total of ^50 sites it was possible to compare soil taxo-

nomic classification down to subgroups with vegetation typeso The 

latter were determined through actual visits to many of the soil sur 

vey sites, and by extrapolation and photointerpretation for those 

sites inaccessible during the vegetation surveyo The data are pre

sented in Table 17. 

Assuming that vegetation types were distributed independently 

from soil groups, the expected distribution of the data in Table 17 

was calculated and the Chi-square values for deviations from this 

expected distribution were derived. For these calculations the 

figures in Table 17 were combined into soil groups such as psamments 

orthents, etc., and the savanna and forest types were classified as 

inundable, humid and dry, as marked in the Table. 

All Chi-square values, calculated at 10^.6, 101.3? 61.1, 39»5> 

107.9 and 20.4 for the inundable, humid and dry savannas and forests 

respectively, showed a significant departure from expected distri

bution within each group at the one-percent levelo 

Examination of the biggest departures from expected distribu

tion showed that inundable savannas were found concentrated on the 

umbraquepts and ochraquepts and the normaquox and albaquoxo The 



Table 17 

Distribution of vegetation types over k30 sites classified 

as to taxonomic soil subgroup 

Soil 

subgroups 

Vegetation types 
Soil 

subgroups 
Savannas Forests 

Soil 

subgroups Inuno 
A* M 

Humid 
L T1 

Dry 
TA P Tv 

Inun0 
B Bd 

Humid 
Br Bt Be 

Dry 
Ba Pa Tp 

Entisoles 
psamments 
1„X1-aer* 
1oX20 
1 <>X2-aq 
1oX2-8 

k 
k 
2 

1 
1 1 

3 

3 
orthents 
1o530 
1.53-a.q 
1•53-ox 

1 
1 
1 

12 
1 

8 

5 1 
2 

2 1 
2 

Incep'tisoles 
urabraauepts 
3.120 * 
3o12-p 
3°12-a 

6 k 
2 
2 

1 

1 

2 

2 1 

1 

ochraquepts 
3.150 
3O15-^ 
3.15-ap 
3.15-a 
3.15-u 

k 1 
k 
12 

5 7 

1 

2 11 
2 1 

1 

7 
1 
2 

1 

14 3 
4 

1 
3 

1 2 

other 
3.320 
3°32-s 
3.32-p 
3«»32-e 
3.32-ps 
3.32-aq 
3.32-u 

1 
2 

3 

7 

12 1 
3 

2 
3 3 

4 5 
9 

3 

4 6 
4 

2 

16 2 
2 

1 4 

2 
1 11 

3 

2 

Ultisoles 
acuults 
8.11-8.12 2 2 2 
udults 
8.230 
8o23-aq 2 

4 6 
3 

3 3 17 

Oxisoles 
normaquox 

; 9 012-ap 
9.12-p 
9.12-a 
9-12-u 7 

2 2 

! 

3 

albaquox 
9.130 5 11 39 
latosoles 
9.X30 
9oX3-e 
9.X3-ps 
9.X3-P 
9.X3-S 

1 
1 

5 
1 
2 

3 

6 13 

1 

1 

2 1 

1 

"LT ̂  J_ n _ 



Table "17? cont 

Explanation of symbols 

Soil subgroups 

10X1-aer »•* aerie aquipsamments 
1oX20 - typic quartzipsamments 
1oX2-aq - acquic quartzipsamment 
1 oX2-8 - ultic quartzipsamment 
1.530 - typic haplorthent 
1.53-aq - aquic haplorthent 
1o53-°x - oxic haplorthent 
3»120 - typic umbraquept 
3o12-p M plintic umbraquept 
3.12-a - aerie umbraquept 
3o150 - typic ochraquept 
3o15-^ - aridic ochraquept 
3.15-ap - aerie plintic ochraquept 
3.15-a - aerie ochraquept 
3.15-u - umbric ochraquept 
3o320 - typic entisol 
3.32-s - sapric entisol 
3c32-p - plintic entisol 
3.32-e - entic entisol 
3o32-ps - psammentic entisol 
3.32-aq - aquic entisol 
3.32-u — umbric entisol 
8.11-8.12 - ochraquultic plintaquult 
8.230 - typic normudults 
8c23-aq - aquic normudults 
8.23-ap - aerie plintic normudults 
9.12-ap - aerie plintic normaquox 
9»12-p — plintic normaquox 
9.12-a — aerie normaquox 
9.12-u - umbric normaquox 
9.130 - typic albaquox 
9°Xj50 - typic latosol 
9.X3-e - entic latosol 
9.X3-ps - psammentic latosol 
9.X3-P - plintic latosol 
9.X3-S - sapric latosol 

continued next page 



Table 17» cont'd 

Explanation of symbols 

Vegetation types 

A Andropogon savanna 
M - Mesosetum savanna 
L - Leptocoryphium lanatum savanna 
T1 - Trachypogon ligularis savanna 
2A - Trachypogon vestitus-Axonopus purpusii savanna 
P - Paspalum pectinatum savanna 
Tv - Trachypogon vestitus savanna 
B - Gallery forest 
Bd - Forest'of the alluvial overflow plain 
Bg - Forest of the terraces of the Guaviare river 
Bt - Forest of the alluvial terraces 
Be - Forest of the piedmont foothills 
Ba - Forest of the high plain 
Pa - Paspalum carinatum savanna 
TP - Trachypogon ligularis-Paspalum carinatum savanna 
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Andropogon savanna was found mostly on the first three soil groups, 

while the Mesosetum savanna concentrated more on the last one. 

Among the humid savannas, the Leptocoryphium lanatum savanna fol

lowed the closely related Mesosetum savanna in its concentration on 

the albaquox, while the Trachypogon ligularis savanna was more 

regularly distributed as could be expected for such an intermediate 

type. The dry savannas concentrated on the orthents, other incepti-

soles and latosoles; the Trachypogon vestitus-Axonopus purpusii sa

vanna was found mostly on the orthents, the Paspalum pectinatum sa

vanna mostly on the wetter other inceptisoles, and the Trachypogon 

vestitus savanna concentrated on the latosoles. 

Forest distribution paralleled savanna distribution, with the 

exception that hardly any forest was found on the oxisoles. Inundable 

forests were concentrated on the ochraquepts and other inceptisoles, 

with especially the gallery forests on the ochraquepts, like the 

Andropogon savanna. The humid forests were found almost exclusively 

on other inceptisoles and ultisoles, especially the typical and umbric 

subgroups within these. Too little data were available on the dry 

forests to draw any firm conclusions, only the Trachypogon ligularis-

Paspalum carinatum savanna was concentrated on the psamments, as could 

be expected for this dune vegetation type. 

From these data it appears that within both savannas and forests 

a parallel sequence of correlations with soil groups exists. No cor

relation between forest and one soil and savanna and a different 

soil could be found, with the exception of the absence of forests from 

the oxisoles. In some instances the same soil series was found under 
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both savanna and forest, with small changes, such as lower pH, darker 

colors in deeper horizons, deeper root penetration and slightly higher 

mineral contents of the forest soil. These differences can be ac

counted for as being the result of the differences in vegetation and 

cannot be interpreted as causing the observed vegetation differences. 

Savanna vegetation and soil drainage 

The effect of drainage on vegetation development was studied by 

comparing the vegetation at 137 sites with the internal, external and 

natural drainage as determined by the soil survey for these sites. 

Speed of external and internal drainage was separated in two groups: 

rapid-medium and slow, while natural drainage classes were combined 

into good-medium and poor. The vegetation types were grouped in the 

same manner as in the soil group comparison, with the exception that 

the forests were combined into two groups only, the inundable forests 

and the remainder, because of the low number of forest sites for which 

data were available. The data are presented in Table 18» Again the 

Chi-square test was used to determine departure from normal distribu

tion of vegetation types over the various drainage classeso 

From these data it appears that the inundable savannas were found 

mostly on sites with a combination of slow internal and external 

drainage, resulting in a poor natural drainage. The humid savannas 

were found on sites with slow external drainage, large flat areas, 

depressions, etc., but can occur on sites of variable internal drainage 

speed and natural drainage. The dry savannas were found on sites with 

variable internal or external drainage speed, but predominantly good 

to medium natural drainage. 



Table 18 

Distribution of vegetation types over 137 sites 

classified as to drainage 
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Vegetation 
types 

External 
rapid slow 

Drainage 

Internal 
rapid slow 

Natural 
good poor 

-medo -med. -med0 

1 ) 
Andr/Mesof 2" 22 5"" 19 1* 23 
Lla/Tli 5* 25 15 15 18 12 
Tve-Apu/Ppe/Tve 19 1? 25 11 30* 6 

Inundable forests z* 21 13 10 11 12 
Other forests • 13 11 16 8 2k* 0 

1) Standard abbreviations for savanna type names 

* Distribution of sites significantly different from expected 
values at 0,05 level 

The inundable forests were found on sites with slow external 

drainage, but internal drainage sp.eed and natural drainage apparently 

had little influence. The other forest types could be found on sites 

with variable internal or external drainage speeds, but always with 

good natural drainage. 

It thus appears that here again a correlation exists between 

drainage and two parallel series of forest and savanna vegetation 

types. In this case the inundable forests are equivalent to the humid 

savannas and the remainder of the forest types to the dry savannas. 

Poor drainage by itself did not prevent forest development. 
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Soil and, landscape 

The slow external drainage, found at more than two-thirds of 

the sites classified for this characteristic, is of course related 

to the flat topography typical of much of the llanos region. When 

coupled with slow internal drainage, or surface sealing of the soil, 

the result is the widespread inundations so common in several of 

the natural regions delineated by the survey,, 

Despite the level landscape, considerable surface movement of 

soil particles has been observed by the author on the bare soil 

between the widely spaced bunch grasses. Destruction of the soil 

aggregates and splash would tend to seal the surface pores, causing 

further deterioration in drainage and reducing water entry into the 

soil. In this respect the remarks of Richardson (1963) on physiolo

gical drought due to poor soil aeration in Trinidad savannas merit 

attention. 

The author has observed increased plant growth at the edge of 

ditches dug in the savanna, which appears to indicate soil aeration 

as one of the limiting factors to plant development. Howard (1925) 

in India found that certain tropical fruit trees were adversely af

fected by grass growth and showed that this was due to increased 

CO^- content of the soil atmosphere, created by the extensive grass 

root systems. Trenching eliminated the CO^ effects and permitted 

normal development of the fruit trees; native forest trees were not 

adversely affected in an association with a dense grass sward. 

Unfortunately little other information on soil aeration in the 

tropics is available, as pointed out by Lemee (1959)* Hardy (1960) 
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showed that savanna soils in Trinidad had a surface pore space 

between 37 and k2 percent of volume, with an air-content decreasing 

rapidly from percent at the surface to 3-6 percent at 30-cm depth. 

Summary of soil influences 

Edaphic influences have been proposed as the factor most in

fluential in causing savanna formation, but no one influence, such 

as poor drainage, poor aeration or low fertility, holds universally 

true as the dominating factor influencing vegetation development in 

savanna areas. 

As more information becomes available, it is clear that soil 

influences cannot be limited to one factor, but must be seen as a 

combination of interacting factors, which can vary in their indivi

dual effect. Their combined effect is mostly expressed in a reduction 

in the rate of woody plant growth and forest regeneration, and not as 

a total prevention or elimination of tree growtho 

Influence of Fire 

Almost all observers agree on the importance of the role of fire 

in the development of savanna vegetation. Many observations testify 

to the fact that forest vegetation has been replaced by savanna through 

the action of fire. This does not mean, however, that all savannas 

vegetation will be replaced by forest with the cessation of burning, 

or that all savannas are derived from forest. 
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Bews (1929) distinguished between "tropical high grass savannas", 

derived from forests and "tropical bunch grass savannas", natural 

savannas occupying areas where climatic factors are not suited to the 

maintenance of a closed forest. Rawitscher (19^8) presents many data 

showing how root development and other morphological characteristics 

adapt savanna vegetation to withstand recurrent fires, but this gives 

only an indication of the antiquity of this vegetation formation and 

does not prove the theory that savannas originate by burning of forests. 

Fire will often maintain savanna and retard forest regeneration, 

once forest has been destroyed by felling and clearing for cultivation. 

This has been observed many times in Africa (Keay and Onochie 19^7» 

Schnell 1952, Clayton 1958) where population pressure is greater and 

more ancient than in America. On the latter continent Budowski (1956) 

observed the same sequence of forest destruction and savanna spread 

in Central America, and Taylor (1959) shov/ed how fire protection al

lowed regeneration of pine in savanna in Nicaragua. 

Such observations have led both Keay (1951) and Sillans (195&) 

to make a distinction between derived savanna and true savanna, the 

derived savanna forming a step in the process of regeneration of 

forest from cultivated lands and not a stage in the destruction of 

forest by fire. The action of fire is to retard the regeneration of 

forest, but it will not completely prevent this (Trapnell 1959)* 

Buechner and Dawkins (1961) noted another interesting form in 

which forest may become sensitive to fire damage: through overbrowsing 

by elephantso Large-scale debarking exposed trees to damage and kill 

by fires entering from outside the forested area. The development of 
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a grassy understory in the opened forest and a further concentration 

of the elephant population in the remaining relict forests, would in

crease the rate of forest destruction once the process had started. 

Even so, certain characteristic features, such as small relict forests 

and individual forest trees in the savanna, still would testify to 

the previous presence of forest in this savanna area. 

Fire and soil 

The effect of recurrent fires on soil development has often been 

discussed, but few factual data on the subject are available for the 

tropics. Two studies of fire temperatures by Pitot and Masson (1951) 

in Africa and Vareschi (1962) in Venezuela, show that, although air 

temperatures during grass fires rise high and fast, soil temperatures 

a few centimeters below the soil surface are hardly affected. Mukerjee 

(195^)> as cited by Nye and Greenland (1960), showed that heating of 

the soil, even to such low temperatures as ̂ 5 - 50° C, increased the 

rate of nitrogen mineralization and soil fertility. 

Detailed studies by Savostin (1962) showed that the effects of 

burning sugarcane fields varied with soil characteristics. In sandy 

soils, ammonium, nitrates and nitrites would be lower after fires, in 

loamy soils they would increase. This increase was attributed to 

partial sterilization of the soil by fire, reducing some of the N-

consuming microflora and stimulating the activity of ammonifiers; the 

activity of nitrifiers was apparently not affected by fire, but in 

certain alkaline soils an accumulation of nitrites was observed. Soil 

pH was increased due to the addition of potassium, in the form of 
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carbonates in the ashes, to the soil, but this increase in pH also 

increased, volatization of ammonia. The quantities of nitrogen in 

plant materials which get burnt and which potentially could be added 

to the soil upon decomposition, were estimated by Savostin as about 

72o5 kg/ha in sugarcane. 

Regarding the effect of fire on soil humidity, Savostin observed 

that humidity would increase immediately after fire in sandy soils, 

while silty soils were little affectedo Blydenstein (1962) observed 

no immediate change in soil humidity after fire in the Venezuelan 

llanos, and general soil desiccation to a depth of 15 cm during the 

1^-day period after burning proceeded at the same rate on burnt, mowed, 

mulched and unburnt control plots. 

Fire and climate 

It had been postulated earlier that a dry season was necessary 

for the development of a fire-prone vegetation, but there is a dif

ference between inflammability and spread of fire between the beginning 

and end of the dry season. 

Blydenstein (1962) observed differences in the rate of spread 

of fires in savanna, increasing as the vegetation dried out more 

towards the end of the dry season. Vareschi (1962) noted that initial 

temperatures needed to start a fire in savanna varied from 205° C at 

the start of the dry season to 135° C when the grass was completely 

dry0 

Another influence of climate on the spread of fires is the 

direction and speed of the prevailing winds. In the llanos region 
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the trade winds of the dry season cause fires to travel in a south

westerly direction and many fires are naturally extinguished upon 

reaching any of the numerous rivers or small streams in the predo

minant east-west drainage -pattern. Fire traces on aerial photographs 

rarely extended beyond four kilometers in length. 

Summary of fire influence 

Fire is a very important factor influencing the development of 

savanna vegetation once it is formed, but to estimate the effect of 

fire as a factor causing savanna formation its effect on forest must 

be studied, because it will first have to destroy forest before being 

able to influence savanna formation. 

In most cases burning in forest vegetation is practiced as only 

part of a destructive program of felling and clearing, and is limited 

in extent. Occasional wildfires over larger areas of forest will not 

completely destroy this vegetation and the damage is usually repaired 

in the next rainy season. Many wildfires enter the forest from ad

jacent savanna areas, but generally extinguish themselves shortly 

after entering the forest, leaving a sharp forest-savanna boundaryo 

In some cases the destruction or opening up of the forest has 

secondary effects which further reduce the potential regeneration of 

the forest and aid the spread of savanna. Overbrowsang of young trees 

or erosion of previously forest-protected slopes could be some examples 

of secondary effects. 

The question of forest destruction by fire is related to the 

frequency of the fires and the speed of regeneration of the forest. 
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Wherever the speed of regeneration is reduced, through edaphic or 

other environmental factors, fire will be more effective in des

troying forest® But where forest regeneration is fast enough to 

allow saplings to grow to fire-resistant size within the interval 

between recurrent fires, forests will continue in spite of occasional 

burning. The frequency of fires is very much influenced by man, and 

his influences are discussed next. 

Influence of Man 

It is now considered that man arrived on the American continent 

between 15,000 and ^0,000 years ago, at least since the end of the 

Pleistocene. Little is known about the arrival of Indians in the 

Llanos region, but Rouse and Cruxent (1963) the paleo-Indian 

epoch as 15j000 - 5»000 Bo0. 

Some of the first historical records and descriptions of Indians 

in the Colombian llanos come from the histories of the Jesuit missions 

in that area. Pacheco (1959) described the vegetation of this vast 

region as mostly savanna at the time of arrival of the first mission

aries in 1567. Mercado (l68*f) related the expedition of two mission

aries and a tribe of Indians through the savannas of Apure and Arauca 

in 167^, describing the tall grass and swamp vegetation which had to 

be burnt to allow passage by man on foot. The same author also des

cribed the cutting and burning practices of the Achagua Indians around 

Tame in the foothills of the Andes. He mentioned that the more numer

ous Guahibe and Chiricoa tribes, which lived in the llanos proper, 
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subsisted on hunting and practiced no cultivation; he described them 

as excellent hunters with bow and arrow, but does not mention the 

use of fire in hunting. Only in Rivero (1883) was one reference 

found to hunting "armadillos" by setting fire to savanna. Where the 

missionaries settled tribes of Indians and introduced cultivation of 

crops, the sites selected were invariably along rivers where gallery 

forest was available for cutting and burning. Forested sites are 

still preferred for cultivation at the present time by the Indian 

population and the white settlers. 

Such population figures as were available from the mission records, 

showed a very low density of Indian population of the llanos. The 

inhabitants of settlements were counted in the hundreds, with an oc

casional town of 1000. With this light population, man's direct 

influence on vegetation development was slight. In areas like Tame, 

where historical records testify to the cutting of forests and culti

vation of land for more than *f00 years, the forest has been able to 

maintain itself. In areas like Villavicencio, where white men settled 

just over 100 years ago, recent descriptions like Bates (19^8) still 

mentioned the existence of forest and only in the last 15 years was 

this forest destroyed. 

Man and fire 

Although scattered burning was apparently practiced by the Indians 

for over 400 years in the savanna, it was only in recent accounts 

(Echevarria 1869) that fires were mentioned as a prevalent eye-sore in 

the form of blackened savanna covering large areas. In 167^» the 
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occasional traveller who crossed open savanna had to burn to open 

his way, and most travel was by canoe on the rivers. 

The early missionaries found even the hunting tribes like the 

Guahibos living in the gallery forests, and could escape them by 

travelling across the savanna. It is only since the arrival of white 

man with his grazing animals that more use of the savanna is made, 

and fires are set to provide succulent green forage for the livestock 

in the dry season,, Now man-made fires are so common that natural 

fires have little chance to get started in the savanna, as most of 

the vegetation is burnt off before the dangerous season of thunder

storms and lightning# 

Summary of human influences 

Man influences vegetation development by destroying vegetation. 

This aids savanna spread which is dependent on the destruction of 

forest. Under natural conditions, fire may prevent forest development 

on some limited areas with extreme conditions; with the aid of man, 

forest is destroyed for cultivation and fires become more frequento 

Man's influence works both ways, however, and some savanna is 

destroyed by overgrazing, allowing brush invasion,. Fire control in 

such areas allows rapid forest regeneration on abandoned cultivated 

land. 

The value of this vegetation survey and the distinction between 

true and derived savannas lies precisely in the potential for control 

man may have over vegetation development, within the limits of natural 

environment. 



SUMMARY 

The part of the Llanos Orientales covered by the study area 

was divided into six natural regions on the basis of geomorpho-

logical characteristics* The vegetation pattern and the presence 

of forests and savannas in each of these regions was explained on 

a regional basis, but no over all generalizations on savanna ori

gins could be made# 

Piedmont 

The piedmont forest extending all along the base of the mountains, 

and now largely destroyed, was an extension of the lower montane for

ests of the slopes onto the better drained parts of the llanos. Pos

sibly this forest type extended out into the alluvial overflow plain 

in top of the natural levees there0 

The position of this forest adjacent to the large natural sa

vanna area of the alluvial overflow plain, coupled with prehistoric 

cultivation, of which some suggestive traces remain in the area, made 

it accessible to recurrent fires moving in from the savanna. Forest 

regeneration did not keep up with this destruction and only a few 

groves are left of this foresto The many tree groves in the savannas 

which have replaced the forest, are the first stages in succession 

towards a new foreste 

The stony fans of the northern piedmont provided excessive 

drainage conditions which emphasized the drought conditions of the 

171 
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dry season« With, sufficient rainfall in the rainy season, a savanna 

developed and was maintained by fireo 

Alluvial Terraces 

On the high terraces close to the Andes, with a rainfall of over 

3000 mm, forest vegetation was able to maintain itself until very 

recent times. Further out from the mountains, with a lower rainfall, 

savanna existed at least since historical times. This is forest ha

bitat, however, and at present forest regeneration is taking place on 

areas where savanna was destroyed. The original forest may have been 

destroyed by prehistoric cultivation in this fertile region, with sa

vanna since maintained by recurrent natural fires. 

On the southern alluvial terraces, around San Martin and San Juan 

de Arama, the development of an impermeable hardpan close to the sur

face may have retarded forest development by creating a dry environ

ment in the shallow soil layer above the hardpan. At the same time 

this hardpan would prevent the penetration of taproots into deeper 

soil layers, thus precluding the development of drier forest types. 

On the lower terraces in this area, the hardpan was not as well devel

oped and extensive tree groves characterize this areao 

Alluvial Overflow Plain 

The Arauca forest of the alluvial overflow plain is restricted 

to an area with relatively coarser soil textures and better drainage. 
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Forest regeneration in this area was rapid and fires made only-

little inroads at the edges of this forests 

The impeded drainage of the shallow bajsins in the remainder 

of the region may have been the decisive factor preventing forest 

development there. Inundated during the rainy season, the water-

table in the basin is lowered to 50 - 200 cm in the dry season. The 

growth of rapid developing herbaceous species was favored over woody 

growth and accumulative environmental effects created an almost tree

less savanna. 

The better-drained natural levees presented a more favorable 

habitat for forest development and many of the shrubs and trees of 

the alluvial overflow plain are found here. True forest development 

was prevented by recurrent fires, however, and more so with the in

crease in livestock raising in the region. 

Aeolian Plain 

Two areas with relict forests were found in the aeolian plain 

region, the dune habitat and a limited area in the southern part of 

the region. The dune habitat, with soils of high water storage 

capacity, permitted forest development of sufficient rapidity to 

prevent destruction by natural fires entering from the surrounding 

savannaso Human settlement, cultivation and annual burning have 

slowly reduced this forest of the dunes in more recent times. 

The forest relicts of the southern part of the aeolian plain 

were typically being reduced through the action of fire, but the 
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absence of similar forest relicts in other parts of the region in

dicate that this forest vegetation apparently was restricted to a 

small area. 

Most of the aeolian plain had poorly drained humic gley soils 

of very low fertility. Although inundated in the rainy season, no 

permanent watertable was found within the first two meters in the 

dry season. Tree growth was retarded in this region by a combina-

tion of adverse drainage characteristics and low fertility» More 

favorable humidity conditions were found along well-drained stream 

borders and in low depressions where water accumulated. Tree growth 

under these conditions was restricted to open stands of specially 

adapted species, however, and no forest development occurred. 

High Plains 

Forest was most probably the original vegetation on the dis

sected high plain. Improved drainage conditions, and possibly the 

exposure of less leached soil layers, created a habitat favorable 

fo forest. However, the increased recurrence of fires entering from 

the savanna area to the north destroyed a large part of this forest. 

Only south of the major rivers, which provided some fire protection, 

was forest able to maintain itself. The extension of savanna on the 

dissected topography south and east of the flat savanna-covered Mesa 

de San Juan de Arama, is suggestive of this same process of forest 

removal. The southern boundary of the savanna in the dissected high 

plain was related to climatic conditions, as the dry season lasted 
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only one month out of the year. Recurrent fires, up to three times 

a year, did maintain some savanna vegetation even in the face of 

vigorous forest regeneration. 

The level high plain was the most ancient of the natural regions 

delimited within the study area, Rainfall and soil drainage character

istics appeared to be sufficient for forest development and if a fer

ruginous hardpan layer was present, it was deeply buried. The limiting 

factor to forest development in this area appeared to be extremely low 

soil fertility, possibly in combination with poor soil aeration. The 

soils had oxic horizons with a cation exchange capacity of less than 

12 meq/100 g of clay and no reserves of decomposable minerals were vi

sible. 

Woody plant development was extremely slow and susceptible to 

removal by even occasional fireso The more recent elimination of open 

scattered stands of savanna trees was probably due to the increased 

use of fire in this region in the last century, with the development 

of the cattle industry. 

Conclusions 

In discussing the origins of tropical savannas, the author wishes 

to emphasize the following points: 

1) Both grass savannas and deciduous forest are well-adapted to 

a climate of alternating wet and dry seasons. Savanna can develop 

under a climate where limited rainfall is concentrated in a rainy 

season, providing sufficient moisture for vegetative growth to supply 

fuel to be burned during the dry season. 
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2) Under conditions of recurrent burning, herbaceous savanna 

vegetation has a relative advantage over woody forest vegetation 

because of its faster recovery from fire damage. This advantage is 

further pronounced when woody plant growth is slowed down because 

of limiting edaphic or other environmental factors.. 

5) Limiting edaphic factors, such as low soil fertility, poor 

drainage or deficient soil aeration, are emphasized by a flat topo

graphy. 

k) Savanna development, once initiated, reaches a point of equi

librium with an environment in which fire is the dominant factor. In 

this sense, fire can be considered either as a factor of the natural 

environment or as an anthropological influence. 

5) Natural savannas are old vegetation formations which occupy 

regions where the combination of environmental factor, emphasized by 

flat topography and aided by fire, deflected forest development. Sa

vanna can extend into forest regions through the action of fire, 

especially if erosion or other environmental changes subsequent to 

the removal of forest vegetation limit the environmental potential 

of the region. 

7) Man influences savanna formation in many areas by hastening 

the process of forest destruction through cutting, and by slowing 

forest regeneration through burning and soil degeneration,. 



APPENDIX 1 

List of Collected Species 

Grasses 

Andropogon 
Andropogon 
Andropogon 
Andropogon 
Andropogon 
Andropogon 
Andropogon 
Andropogon 

bicornis L« 
brevifolius Swartz 
confinis (Schulto) H. & B. 
hypogynu-s Hack, 
leucostachyus HBK 
selloanus (Hacki) Hack0 
semiberbis (Nees) Kuntho 
virgatus Desv» 

Aristida capillacea Lam. 
Aristida tincta Trin. & Rupr. 
Aristida implexa Trin. 

Axonopus anceps (Mez) Chase 
Axonopus chrysoblepharis (Lag.) Chase 
Axonopus compressus (Sw.) Beauv. 
Axonopus pulcher (Griseb.) Kuhlm. 
Axonopus purpusii (Mez) Chase 
Axonopus senescens (Doello) Henr® 
Axonopus spe (tall) 
Axonopus sp. 

Bouteloua sp0 

Digitaria neesiana Henr. 
Distichlis sp. 

Eleusine indica (L0) Gaertn. 
Elyonurus tripsacoides H. & B. 
Eragrostis acutiflora (HBK) Nees 
Eragrostis maypurensis (HBK) Steudo 
Eriochloa distachya HBK 
Eriochrysis cayennensis Beauv. 
Eriochrysis holcoides (Nees) Kuhlm» 
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Gymnopogon foliosue (Willd.) Nees 
Gymnopogon fastigiatus Nees 

Homolepis aturensis (HBK) Chase 
Hyparrhenia rufa (Nees) Stapf 

Leersia hexandra Sw. 
Leptoooryphium lanatum (HBK) Nees 

Manisurus aurita (Steud.) Kuntze 
Melinis minutiflora Beauv. 
Mesosetum chaseae Luces 
Mesosetum lolxiforme (Hochst) Chase 
Mesosetum rottboelioides (HBK) Hitchc. 
Mesosetum sp. 

Panicum cyanescens Nees 
Panicum hirtum Lam. 
Panicum laxum Swarta 
Panicum micranthum HBK 
Panicum olyroides HBK 
Panicum parvifolium Lam. 
Panicum pilosum Swartz 
Panicum rudgei R. & So 
Panicum stenodes Griseb. 
Panicum tricholenoides Steud. 
Panicum versicolor Doell. 
Panicum zizanoides HBK 
Panicum sp« 

Paratheria prostrata Griseb. 

Paspalum,acuminatum Raddi 
Paspalum carinatum H. & B. 
Paspalum conjugatum Berg. 
Paspalum contractum (Pilg«) Sw0 
Paspalum convexum H. & B. 
Paspalum erianthum Nees 
Paspalum gardnerianum Nees 
Paspalum geminiflorum Steudo 
Paspalum hyalinum Nees 
Paspalum intermedium Munro 
Paspalum melanospermum t 
Paspalum minus Fourn. 



Paspalum multicaule Poir. 
Paspalum pectinatum Nees 
Paspalum plicatulum Michx. 
Paspalum pulchelluin HBK 
Paspalum serpentinum Hochst. & Steud. 
Paspalum virgatum L0 
Paspalum.sp« 

Reimarochloa acuta (Fluegge) Hitchc0 

Sacciolepis myuros (Lam.) Chase 
Setaria geniculata (Lam.) Beauv. 
Sorghastrum parviflorum (Desv.) Hitchc0 
Sporobolus cubensis Hitchc. 
Sporobolus indicus (L.) R. Br. 

Thrasya campylostachys (Hack.) Chase 
Thrasya paspaloides HBK 
Thrasya petrosa (Trin.) Chase 

Trachypogon ligularis Nees 
Trachypogon montufari (HBK) Nees 
Trachypogon plumosus (HBK) Nees 
Trachypogon vestitus Anderss. 

Gramineae (tall grass) 
Gramineae 

Sedges 

Bulbostylis junciformis (HBK) Kunth. 
Bulbostylis lanata (HBK) Clarke 
Bulbostylis paradoxa (Spreng.) Lind. 
Bulbostylis vestita (Kunth.) 
Bulbostylis sp. 

Cyperus cayennensis (Lam.) Britto 
Cyperus diffusus Vahl 
Cyperus haspan L. 
Cyperus luzulae (L.) Retz. 
Cyperus sesquiflorus (Torr.) Mattf. & K. 
Cyperus sp» 



Dichronema ciliata Vahl 
Dichronema parvula B. & K. 

Fimbristylis annua (All.) R. & S. 
Fimbristylis comj^Lanata Link. 
Fimbristylis diphylla Vahl 
Fimbristylis miliaceae (L.) Vahl 
Fuirena umbellata Rottb. 

Killingia sp. 

Rhynchospora barbata Kunth. 
Rhynchospora corymbosa (L.) Britt 
Rhynchospora globosa Roem. & Sch0 
Rhynchospora velutina Nees 
Rhynchospora sp. (tall) 
Rhynchospora sp» 

Scleria hirtella Swartz 
Scleria melaleuca Reichb. 
Scleria microcarpa Nees 
Scleria micrococca (Liebm.) Steud 
Scleria purdiei Clarke 
Scleria scabra Willd. 
Scleria spo 

Forbs and Suffrutescent Species 

Acanthospermum australe L. 
Aeschynomene hystrix Poir. 
Anemia humilis (Cav») Swartz 
Araceae 
Adiantum eerratodentatum Willd. 

Burmannia bicolor Mart. 
Blechnum sp. 
Borreria capitata (R. & P«) DC 
Borreria virgata HBK 
Borreria sp® 
Buchnera sp® 
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Cassia cultrifolia HBK 
Cassia flexuosa L. 
Cassia patellaria DC 
Cassia tetraphylla Desv. 
Cassia viscosa HBK 
Cassia sp« 

Caladium macrotites Schotto 
Calea ovalis 
Caperonia sp<> 
Cernuum sp. 
Centrosema angustifolium (HBK) Benth. 
Centrosema venosum Mart. 
Chaptalia nutans (L.) Polak 
Cipura paludosa Aublo 
Clitoria guianensis (Aublo) Benth. 

Compositae 
Convolvulaceae 
Corchorus argutus HBK 
Corchorus hirtus L. 
Corchorus orinocensis HBK 
Corchorus sp. 
Cordia curassavica (Jacq.) Ro & S. 
Crotelaria pilosa Millo 
Crotelaria sagittalis L0 
Crotelaria sp. 
Croton sp. 

Cuphea gracilis HBK. 
Cuphea micrantha HBK 
Cuphea sp. 
Curculigo scorzoneraefolia (Lam0) Baker 
Cypella linearis (HBK) Blake 

Decleuxia fruticosa (Willdo) Kuntze 
Desraodiura angustifolium (HBK) DC 
Desmodium barbatum (L.) Benth. 
Diodia sp0 
Ditaxis sp0 

Emilia coccinea (Sims.) Sweet 
Eriope crassipes Benth. 
Eriosema crinitum (HBK) G. Don 
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Eriosema rufum (HBK) G. Don 
Eriosema simplicifolia (HBK) G. Don 
Eriosema sp. 
Eugenia sp. 
Euphorbia sp. 
Euphorbiac eae 
Eupatorium amygdalinum Lam. 
Eupatorium angustifolium Lam« 
Evolvulus sericeus Swartz 

Galactia jussaena HBK 
Galactia glaucescens HBK 

Habernaria heptadactyla Reichb. f. 
Habernaria trifida HBK 
Habernaria sp. 
Hydrolea sp. 

Hyptis atrorubens Poit 
Hyptis brachiata Briq. 
Hyptis conferta Pohl 
Hyptis dilatata Benth. 
Hyptis lantanaefolia Poit. 
Hyptis suaveolens (L.) Poit. 
Hyptis sp. (decumbent) 
Hyptis sp. 

Ichthyothere terminalis (Spreng.) Blake 
Indigofera lespedezioides HBK 
Indigofera pascuorum Benth. 
Ipomoea argentea Meissn. ex Char. 
Ipomoea nil (L.) Roth. 

Julocroton sp. 

Leguminosae 
Lygodium venustum Swartz 

Malvaceae 
Mimosa polycarpa Kunth. 
Mimosa pudica L. 
Mimosa aff. santanderensis B. & R0 
Myrosma cannifolia L. f0 



Orthopappus angustifolius (Sw.) Gleason 

Pectis sp. 
Pfaffia dunaliana (Moq.) Standi* 
Phaseolus gracilis Poepp. 
Phaseolus linearis HBK 
Phaseolus monophyllus Bentho 
Phaseolus sp. 
Phyllanthus sp. 
Piriqueta cistoides (L«) Grisebo 

Polygala brizioides StHil 
Polygala longicaulis HBK 
Polygala micrantha L. 
Polygala paludosa StHil 
Polygala subtilis HBK 
Polygala timoutou Aubl. 
Polygala variabilis HBK 

Pterogastra mayor Trin. 
Pterolepis pumila (Bonpl.) Cogn. 

Rechsteineria elatior (HBK) Kuntze 
Ruellia geminiflora HBK 

Sauvagesia erecta L. 
Schielcia orinocensis (HBK) Meissn. 
Sida linifolia Cav. 
Sipanea colombiana Wernh. 
Sisyrynchium alatum Hook. 
Stachytarpheta sp<> 
Stylosanthes guianensis (Aubl.) Sw. 
Stylosanthes sp. 
Syngonanthes sp. 

Tephrosia sessiliflora (Poir.) Hassl. 
Turnera pumila L. 
Turnera ulmifolia L. 

Utricularia juncea Vahl 
Utricularia laxa StHil & Girard 
Utricularia subulata L» 
Utricularia sp. 
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V/edelia sp» 
Xyris lacerata Pohl 
Xyris macrocephala Vahl 
Xyris savannensis Miq. 

Zornia diphylla (HBK) Benth. 

Trees and Shrubs 

Acrocomia sp. 
Aeschynomene falcata 
Annona jahnii Saff. 
Annona spo 

Bauhinia guianensis Aubl. 
Bowdichia virgilioides HBK 
Buettneria jaculifolia Pohl. 
Buettneria scabra Loefl. 
Byrsonima crassifolia HBK 
Byrsonima verbascifolia (L.) HBK 

Caraipa llanorum Cuatr<> 
Casearia petraea Benth, 
Casearia zizyphoides HBK 
Casearia sp. 
Cassia moschata HBK 
Cecropia spo 
Cereus hexagonus B«, & R. 
Cissampelos ovalifolia DC 
Cissus salutaris HBK 
Cochlospermum vitifolium Willd0  

Curatella americana L0  

Davilla densiflora Tr0  8c PI. 

Eugenia sp. 

Genipa americana L. 

Heliconia psittacorum L. f, 

Ipomoea crassicaulis (Benth.) Robins. 

s: 
3 
h»-

•xj 
o 
pj M H' 

•TJ 
O 
d> 

1 A
n

d
r. 

1 

5; 
(D 
CO 
O o 

L
la 

1 
T

li 

K) 
< 
CD 
1 
> 
£ 

P
p

e 
H3 
<1 
CD 

X 
X X X X X 

X 

X X 

X X 

X X X 
X 

X X 

X 

X 
X X X 

X X 
X X 
X X X X 

X X X X X X 

X 

X X X 
X X X X X X 

X X X 

X 

X 
X 

X X X 
X 

X X 
X X X X X 

X X 

X 

X X 

X X X 

X 

i 



Jacaranda lasiogyne Bur. & K„ Sch. 
Jussiaea lithospermifolia Micheli 

Lantana moritziana Otto & Dietr. 
Lantana trifolia L. 

Malvaceae 
Mauritia minor Burr. 
Melochia hirsuta Cav. 
Melochia polystachya HBK 
Melochia villosa F. & R. 
Melochia sp» 
Miconia albicans (Sw.) Tr. 
Miconia macrothyrsa Benth. 
Miconia rufescens (Aubl.) DC 
Miconia sp« 
Mimosa somnians H0  & B0  

Palicourea rigida HBK 
Pavonia speciosa HBK 
Pavonia velutina HBK 
Pavonia sp«> 
Psidium eugenii Kiaersk. 
Psidium guineense Sw8  

Psidium spo 

Randia sp. 
Rhynchanthera grandiflora (Aubl.) DC 
Rollinia spa  

Rudgea sessiliflora Standi. 

Scheelea sp. 

Vernonia brasiliana (L.) Druce 
Vismia guianensis (Aubl.) Choisy 
Vitex sp. 

V/altheria glomerata Preslo 
Wulffia baccata (L.fo) Kuntze 

Xylopia aromatica (Lam.) Marto 



APPENDIX 2 

1 
List of Savanna Types and Sites 

Melinis minutiflora savanna 

JB 30, 31, 33, 34, 35, 36, 37, 61, 160, 162, 163, 164, 165,  166,  167,  

and 168.  

Paspalum carinatum savanna 

JB 49, 74, 75, 76, 77*, 78,  80,  81,  90% 91, 92*, 94, 95, 97, 98, 99* 

141 and 182; C 7* and 11*; S 3. 

* Sites of relict forests 

Trachypogon ligularis-Paspalum carinatum savanna 

JB 9, 15, 100, 111, 112, 115, 116, 117, 118, 123, 123a, 130, 132, 136 

140, 149 and 188; R 4. 

Andropogon savanna 

JB 13, 25, 29, 103, 109, 114, 115, 120,  121, 127, 136, 138,  146, 151, 

156, 157, 204, 216, 217, 219 and 221; R 3. 

Andropogon virgatus Bavanna 

JB 46, 58, 74, 83,  89,  91, 101, 162, 172, 175, 177, 180. 

1 
Site numbers with prefix JB visited by the author; with prefix 

C reported on by G. Clavijo; with prefix S reported on by C. Sa-
ravia; and with prefix R reported on by J. Rivera. 
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Mesosetum savanna 

JB 113, 124, 125, 126, 133, 144, 147, 203 and 207. 

with saladillales! JB 143, 145, 148« 

with palms: JB 129, 131, 134o 

Leptocoryphium lanatum savanna 

JB 14, 62, 63, 69, 86, 107a, 109, 114, 121, 125, 125a, 128, 135, 

137, 144, 147, 155, 161, 169, 178, 185, 192, 194, 198 and 201; R 2. 

Trachypogon ligularis savanna 

JB 10,  19,  23, 24, 26,  38,  39,  51, 53, 64, 65,  71, 106,  108,  110,  

119, 120, 124, 126, 141, 142, 142a, 176, 178, 184, 185, 196, 197, 

199, 200 and 222; S 1. 

Trachypop;on vestitus-Axonopus purpusii savanna 

JB 7, 10, 11, 12, 17, 18, 19, 28, 40, 41, 42, 43, 44, 45, 46, 47, 

67, 102, 104, 105, 106, 107, 126, 136, 142, 142a, 151, 152, 157, 

193 and 195; R 6. 

Paspalum pectinatum savanna 

JB 50, 59, 72, 73, 75, 79, 84, 93, 96, 135, 154, 171,  173, 174, 175, 

191, 208, 211 and 213. 

Trachypogon vestitus savanna 

JB 21,  22,  23, 48, 52,  56,  57,  59, 66,  68, 74, 80,  82,  85,  87,  88,  

89, 93, 95, 101, 179, 181, 187, 189, 190, 206, 209 and 210; S 2. 



APPENDIX 5 

1 
List of Expeditions into the Field 

Expedition No. 1 
Region: alluvial terraces and high plains 
Route: around Villavicencio and east to Puerto Lopez 
Mileage: 200 miles Sites visited: JB 1-5 
Notes: visit to Agricultural Experiment Station La Libertad and 
to pasture multiplication station of the Ministry of Agriculture 

Expedition No. 2 
Region: reconnaissance flight over high plains, dunes of aeolian 
plain and alluvial overflow plain 
Route: east from Villavicencio to Manacacias river, northwest to 
Cusiana river and return to Villavicencio 
Mileage: 350 miles Sites visited: none 
Notes: comparison of terrain with aerial photographs and obser
vations on extent of green pastures during dry season 

Expedition No. 3 
Region: piedmont and alluvial overflow plain 
Route: east and south on alluvial fan of Yopal 
Mileage: 100 miles Sites visited: JB 6-11 
Notes: preliminary observations during dry season 

Expedition No. 
Region: alluvial overflow plain 
Route: east of Yopal ( helicopter ) 
Mileage: 300 miles Sites visited: JB 12-15* 28-29 
Notes: collections and notes on vegetation of natural levees and 
basins 

Expedition No. 5 
Region: piedmont and alluvial overflow plain 
Route: stony terraces around Tame and edge of Arauca forest 
( helicopter ) 
Mileage: 270 miles Sites visited: JB 16-27 
Notes: collections and notes on vegetation of savanna-forest 
boundary 

1 
See fig. 1 for map, place names mentioned and routes 
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Expedition #6 
Region: piedmont and alluvial terraces 
Routes! north, northeast and east of Villavicencio (helicopter) 
Mileage: *f?5 miles Sites visited: JB 30-53» 61-70 
Notes: visits of inaccessible point around Upia river, transects 
from mountain base into alluvial overflow plain, visits to mesas 
around Medina., 

Expedition # 7 
Region: alluvial terraces 
Route: south of the Ariari river (helicopter) 
Mileage: 135 miles Sites visited: JB 5^-60 
Notes: visits to inaccessible regions of doubtful phot©interpre
tation classification. 

Expedition # 8 
Region: southern alluvial terraces and high plains 
Route: south to San Martin and southeast to Guaviare river 
Mileage: 4-00 miles Sites visited: JB 71-86 
Notes: collections and notes on vegetation along route, quantita
tive analysis of savanna in Aguas Claras pilot zone. 

Expedition # 9 
Region: high plains 
Route: east to Puerto Lopez and Manacacias river, then south along 
eastbank of this river 
Mileage: 500 miles Sites visited: JB 87-101 
Notes: collections and notes on vegetation along route, quantitative 
data on savannas in Horizontes and Florida pilot zones. 

Expedition # 10 
Region: piedmont and alluvial overflow plain 
Route: alluvial fan of Yopal and further east 
Mileage: 150 miles Sites visited: JB 102-108 
Notes: collections and notes on vegetation, quantitative data on 
three savanna types in Yopal pilot zone. 

Expedition #11 
Region: alluvial overflow plain and aeolian plain 
Routes: all around Cravo Norte (helicopter), and flight to and from 
Cravo Norte to Yopal 
Mileage: 1200 miles Sites visited: JB 109-158 

'  Notes: visits to point otherwise inaccessible during growth season, 
observations on vegetation and inundations, some pace transects. 

Expedition if 12 
Region: alluvial terraces 
Route: region around Villavicencio, north to Restrepo, south to San 
Martin and east to Puerto Lopez 
Mileage: 400 miles Sites visited: JB 159-187 
Notes: collections and notes on vegetation of this region, quantita
tive data on savannas in Restrepo, Puerto Lopez and Libertad pilot 
zones. 
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Expedition # 13 
Region: high plains and aeolian plain 
Route: east from Villavicencio to Manacacias river, north to 
Orocue and surrounding areas 
Mileage: 600 miles Sites visited: JB 188-211 
Notes: collections and notes on vegetation along route, quantitative 
analyses of savannas in Orocue pilot zones and on site similar to 
Puerto Nuevo pilot zone. 

Expedition if- 1** 
Region: piedmont and alluvial overflow plain 
Route: alluvial fan of Yopal and east across Cravo Sur river into 
alluvial overflow plain 
Mileage: 150 miles Sites visited: JB 212-223 
Notes: observations on development of groves in savanna and on some 
relict forests in the alluvial overflow plain, notes on green vege
tation in alluvial overflow plain during the dry season. 

Summary 

Number of expeditions: 1*t 
Mileage travelled: helicopter - 2370 miles 

surface - 2500 miles 
aerial reconnaissance - 585 miles 

Total sites visited: 223 
Total plant specimens collected: 1200 
Total days in the field: 87 days 



APPENDIX 4 

Profile Descriptions of Soil Series Mentioned 

SERIES ANZUELO 

Profile Noo C 19 
Described by M. F. Cano 

Date: January 22, 1962 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A11g 0 - 20 cm 

A12gs 20 - 36 cm 

B21gs 36 - 75 cni 

B22gc 75 - cm 

Pilot zone Orocue No. 1, in estero 
75 cm 
90 cm 
level 
0 - 1  p e r c e n t  
very slow 
moderately slow 
very poorly drained 

Black (10YR 2/1) clay when moist; weak medium 
to fine blocky structure, no clay films; non-
plastic and non-sticky; roots abundant and 
macroorganisms plentiful; pH 5<>2; clear and 
smooth boundary 

Dark gray (10YR 4/1) clay when moist; medium to 
fine blocky structure with clay films in root 
channels; sticky and slightly plastic; abundant 
roots and plentiful macroorganisms; pH 4<,8; 
boundary clear and smooth 

Gray (5Y 5/1) clay when moist; with olive ir
regular mottling in root channels; medium to 
fine blocky structure with clay films in root 
channels; very friable; sticky and slightly 
plastic; plentiful roots and no macroorganisms; 
pH 4.8; boundary gradual and wavy 

Mottled dark yellowish brown (10YR 4/8) and gray 
(5Y 5/1) clay when moist; massive; sticky and 
plastic; no roots, no macroorganisms; pH 4.8 
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SERIES APIAY 

Profile No. A 1 
Described by A. Gardia 

Date: December 26, 1961 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A11g 0 - 12 cm 

A12g 12 - 25 cm 

A13g 25 - 48 cm 

B21g 48 - 70 cm 

IIB22g 70 + cm 

Apiay pilot zone, in estero 
70 cm (limited by water) 
70 cm 
level 
0 - 1  p e r c e n t ,  c o n c a v e  
slow 
slow 
poorly drained 

Black (5YR 2/1) clay loam when moist; massive; 
slightly plastic, slightly sticky; abundant 
roots; few macroorganisms; pH 5»4; clear and 
smooth boundary 

Very dark gray (5YR 3/1) clay loam when moist; 
with black mottling (5YR 2/1) along root chan
nels; massive; very friable; slightly plastic, 
slightly sticky; abundant roots; plentiful 
macroorganisms; pH 4„7> clear and smooth bound
ary 

Black (5YR 2/1) clay when moist; weak medium 
blocky structure; very friable; slightly plastic, 
slightly sticky; plentiful roots and no macro-
organisms; pH 4o6; clear and smooth boundary 

Dark reddish brown (5YR 3/2) clay when moist, 
v/ibh yellowish red (5YR 4/6) irregular mottling 
over 3 percent; medium blocky structure with 
clay films in root channels; friable; plastic 
and sticky; few roots, no macroorganisms; pH 
4.5 j clear and smooth boundary 

Light gray (10YR 6/1) clay loam when moist, 
with 5 percent yellowish brown (10YR 5/6) ver
tical mottling; plastic and sticky; no roots 
or macroorganisms; pH 4.5 

Note: the last horizon was sampled by soil 
borer 



193 

SERIES CABALLERIA 

Profile No. Ch 78 
Described by Jo V. Chaparro 

Date: October 4, 1962 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage; 
Internal drainage: 
Natural drainage: 

A1g 0 - 7 cm 

B1tg 7 - 22 cm 

B2tg 22 - 43 cm 

Cgcn 43 - 85 cm 

Yopal pilot zone, in low basin 
85 cm (limited by water) 
85 cm 
level 
0 - 5  p e r c e n t ,  s l i g h t l y  c o n c a v e  
slow 
slow 
poorly drained 

Dark gray (10YR 4/1) loam when moist, with strong 
brown (7«5 YR 5/6) mottling; massive with fine 
granules in top layer; friable; slightly plastic 
and non-sticky; abundant roots and abundant macro-
organisms; pH 4«9j clear and smooth boundary 

Gray (10YR 5/1) clay loam when moist, with strong 
brown (7o5YR 5/6) mottling in root channels; weak 
medium to fine blocky structure; firm; slightly 
plastic and slightly sticky; abundant roots and 
macroorganisms; pH *+.8; gradual and smooth gound-
ary 

Yellowish brown (10YR 5/4) clay loam when moist, 
with gleyed gray (10YR 5/1) mottling; weak fine 
blocky structure with clay films; friable; slightly 
plastic and slightly sticky; few roots and few 
macroorganisms; few fine to medium pores; pH 4.8; 
diffuse and wavy boundary 

Brown (7-5YR 5/^+) clay loam when moist, with 
gleyed light gray (10YR 6/1) and irregular 
yellowish red (5YR 4/6) mottling; concretions of 
the same color; weak fine to medium blocky struc
ture with clay films; slightly plastic and slightly 
sticky; few roots and few macroorganisms; few 
medium pores; pH 4.8 

Note: with increase in depth gley and concretions 
increase and profile becomes more clayey. 
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SERIES CASANARE 

Profile No. E 23 
Described by E. Marin 

Date: January 22, 1962 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A11g 0 - 1*f cm 

A12g 1*f -  30 cm 

A21e 30 - k? cm 

A22e k? - 67 cm• 

IlCgcn 67 - 118 cm 

Pilot zone Orocue No. 2, in low basin 
118 cm (limited by water) 
118 cm 
level 
0 - 1  p e r c e n t  
slow 
slow 
imperfectly or somewhat poorly drained 

Very dark gray (10YR 3/1) loam when moist; weak 
fine blocky structure without clay films; very 
friable; slightly plastic and slightly sticky; 
abundant roots and plentiful macroorganisms; 
pH 4.6; clear and smooth boundary 

Dark gray (10YR ^/1) silt loam when moist, very 
weak fine block structure without clay films; 
porous; very friable; sticky and plastic; abun
dant roots and plentiful macroorganisms; pH 4o7j 
clear and smooth boundary 

Weak red (2.5YR 5/2) silt loam when moist; weak 
blocky structure with clay films in pores; 
porous; very friable; plastic and slightly sticky; 
abundant roots and few macroorganisms; pH ^<>6; 
clear and smooth boundary 

Light brownish gray (10YR 6/2) clay loam when 
moist; weak prismatic structure with few clay 
films in the pores; firm; slightly plastic and 
slightly sticky; plentiful roots and no macro-
organisms; pH Jf.5; clear and wavy boundary 

Light gray (27/2) clay when moist, with dark 
red (10R 3/6) mottling; weak prismatic structure 
with clay films in root channels; firm; plastic 
and sticky; no roots and no macroorganisms; pH 



195 

SERIES DUYA 

Profile No. P 14 
Described by R. Bernal 

Date: March 1963 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A 1  0 - 1 0  e r a  

C1 10 - 75 cm 

C2 75 - 135 cm 

C3 135 + cm 

Cravo Norte pilot zone, on dune 
135 
more than 200 cm 
gently sloping 
3 ~ k percent, convex 
very rapid 
very rapid 
excessively drained 

Brown (10YR 5/3) fine sand when moist; single 
grain; loose; non-plastic and non-sticky; 
abundant roots and macroorganisms; common fine 
pores; pH ^06; gradual and wavy boundary 

Strong brown (5«>5YR 5/6) fine sand, reddish 
brown (5YR k/k) when moist; single grain; loose; 
non-plastic and non-sticky; plentiful roots and 
macroorganisms; few fine pores; pH k.8] diffuse 
and wavy boundary 

Reddish yellow (5YR 6/8) fine sand, yellowish 
red (5YR 5/8) when moist; single grain with 
occasional very weak blocky structure; loose; 
non-plastic and non-sticky; few roots or macro-
organisms; few fine pores; pH 

Strong brown (7*5YR 5/8) fine sand when moist, 
with 15 percent light brown (7»5^R 6/k) areas; 
massive structure which breaks into single grains 
weak; loose; few roots or macroorganisms; few 
pores; pH *f,8 
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SERIES GARCIA 

Profile No. C 88 
Described by M. F0  Cano 

Date: October 3, 1962 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A 1  0 - 1 5  c m  

A3 15 - hi cm 

B1 kl - 73 cm 

IIB21s 73 - 130 cm 

IIBC 130 - 170 cm 

Yopal pilot zone, lower alluvial fan 
180 cm 
more than 300 cm 
level 
0 - 1 percent, convex 
moderate to slow 
moderate 
well drained 

Brown-dark brown (10YR k /3 )  sandy loam when 
moist, with very dark gray brown (10YR 3/2), 
organic matter penetrations in the pores of the 
macroorganisms; massive; friable; slightly plas
tic, slightly sticky; abundant root and macro-
organisms; few medium to fine pores; pH ^.8; 
clear and smooth boundary 

Dark grayish brown (10YR h/z) sandy loam when 
moist; massive;, friable; slightly plastic, 
slightly sticky; plentiful roots and macro-
organisms; few medium pores; pH ^.7; gradual and 
smooth boundary 

Yellowish brown (10YR 5/^) sandy clay loara v/hen 
moist; medium to fine blocky structure without 
clay films; friable; slightly plastic, sticky; 
few roots and macroorganisms; few fine pores; 
pH *f.6; gradual and smooth boundary 

Strong brown (7*5YR 5/6) clay when moist; weak 
medium to fine blocky structure with clay films 
on the surface of the aggregates; friable; 
slightly plastic, sticky; few roots and macro-
organisms; pH *U5; gradual and smooth boundary 

Strong brown (7«5YR 5/6) clay mixed with reddish 
yellow (7-5YR 6/8); weak medium to fine blocky 
structure with clay films on the aggregates; 
friable; slightly plastic, sticky; few roots and 
macroorganisms; pH ^+.5 

Note: up to the C horizon penetrations of the 
organic matter along channels can be found 
Beyond 180 cm gley is found, with dark con 
cretions, clay textures and red mottling 
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SERIES HORIZONTES 

Profile No® C 60 
Described by M. F„ Cano 

Date: June 12, 1962 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A1 0 - 8 cm 

A3 8 - 1 0  cm 

B21 19 - 35 cm 

B22 35 - 66 cm 

B3 66 - 100 cm 

C1 100 - 125 cm 

Horizontes pilot zone, level high plain 
more than 125 cm 
more than 2*f5 cm 
level 
0 - 1  p e r c e n t  
moderate 
moderate 
well drained 

Very dark grayisfi brown (10YR 3/2) clay when 
moist; weak fine blocky structure; friable; 
slightly plastic, slightly sticky; abundant 
roots and macroorganisms; pH ^.8; clear and 
smooth boundary 

Brown (7*5YR 5/*0 clay when moist; weak medium 
to fine blocky structure without clay films; 
friable; slightly plastic and slightly sticky; 
abundant roots and plentiful macroorganisms; 
pH 4«8; clear and smooth boundary 

Brown (7<>5YR 5/^) clay when moist; moderate fine 
blocky structure with clay films in root chan
nels; friable; plastic and sticky; plentiful 
roots and macroorganisms; contains some penetra
tion of materials from upper horizon; pH A-oO; 
gradual and smooth boundary 

Yellowish red (5YR 5/8) clay when moist; weak 
fine blocky structure without clay films; friable 
slightly plastic and slightly sticky; plentiful 
roots and macroorganisms; contains penetrations 
of material from higher horizons; pH 5»1j gradual 
and smooth boundary 

Red (2.5YR 5/8) clay when moist; massive; very 
friable; slightly plastic and slightly sticky; 
plentiful roots and few macroorganisms; pH 5*2; 
gradual and smooth boundary 

Red (2<>5YR 5/8) clay when moist, with about two 
percent strong brown (7«>5YR 5/6) mottling; mas
sive; very friable; slightly plastic and slightly 
sticky; few roots and few macroorganisms; pH 5*2 
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SERIES LAGUNAZO 

Profile No. T 29 
Described by H. Toquica 

Date; March 2, 19&3 

Location: 

Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A1 0 - 12 cm 

A3 12 - 22 cm 

B21 22 - V? cm 

B22 b7 - 97 cm 

B23 97 - 1^0 cm 

B3 1*f0 -  159 cm 

Paso Nuevo pilot zone, in high part of level 
high plain 
more than 159 cm 
more than 200 cm 
level 
0 - 1  p e r c e n t ,  c o n v e x  
moderate 
moderate 
well drained 

Grayish brown (10YR 5/2) silt loam, very dark 
grayish brown (10YR 3/2) when moist; weak medium 
blocky structure; hard; non-plastic and non-
sticky; plentiful roots and macroorganisms; few 
fine pores; pH *t.2; gradual and smooth boundary 

Yellowish brown (10YR 5/*0 silt loam, brown 
(7o5YK 5/*0 when moist; massive; hard; slightly 
plastic and slightly sticky; plentiful roots and 
macroorganisms; common fine pores; pH *+0^; gradual 
and smooth boundary 

Strong brown (7<>5YR 5/6) silty clay loam,, brown-
dark brown (7»5YR b/k) when moist; massive; slight 
weak medium blocky structure; hard; slightly plas
tic and slightly sticky; few roots and macro-
organisms, common fine pores; pH *f06; diffuse and 
smooth boundary 

Yellowish red (5YR 5/8) silty clay loam when 
moist; moderate medium blocky structure with 
some clay films; firm; slightly plastic and 
slightly sticky; very few roots and macroorganisms; 
common fine pores; pH ^©8; diffuse and smooth bound
ary 

Yellowish red (5YR ^+/6) silty clay loam v/hen moist; 
weak medium blocky structure; friable; slightly 
plastic and slightly sticky; very few roots and 
macroorganisms; common fine pores; pH 5»0; diffuse 
and smooth boundary 

Yellowish red (5Y"R 5/8) silty clay loam when moist; 
massive; friable to very friable; slightly plastic 
and slightly sticky; no roots or macroorganisms; 
common fine pores; pH 5«0 
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SERIES LEftlTA 

Profile No. C 81 
Described by M« Fo Cano 

Date: September 25, 1962 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A11 0 - 9  c m  

A12 9-20 cm 

AJ 20 - 45 cm 

B21t - 60 cm 

B22t 60 - 85 cm 

Pilot zone of Yopal, on lower alluvial fan 
85 cm (limited by stones) 
more than 85 cm 
level 
0 - 1  p e r c e n t  
slow 
moderate 
moderately well drained 

Dark grayish brown (10YR b/Z ) sandy clay loam 
when moist, with very dark grayish brown (10YR 
3/2) mottling in channels of macroorganisms and 
yellowish brown (10YR 5/4) mottling in root chan
nels; massive; friable; slightly plastic and 
slightly sticky; abundant roots and plentiful 
macroorganisms; common fine pores; pH 4.7; clear 
and smooth boundary 

Matrix of dark grayish brown (10YR 4/2) and dark 
yellowish brown (10YR 4/4) loam when moist; weak 
fine bloclcy structure; friable; slightly plastic 
and slightly sticky; plentiful roots and macro-
organisms; common fine pores; pH 4.6; clear and 
smooth boundary 

Dark yellowish brown (10YR 4/4) loam with reddish 
gray (5YR 5/2) mottlings when moist; weak moderate 
to fine blocky structure with clay films; friable; 
slightly plastic, sticky; plentiful roots ana 
macroorganisms; common medium to fine pores; pH 
b06; gradual and smooth boundary 

Yellowish brown (10YR 5/4) sandy clay loam when 
moist; weak fine blocky structure with clay films; 
friable; slightly plastic, sticky; plentiful roots 
and macroorganisms; common medium to fine pores; 
pH 4.5; clear and smooth boundary 

Yellowish brown (10YR 3/6) sandy clay loam when 
moist, with very dark grayish brown (10YR 3/2) mot
tling in channels of macroorganisms; weak fine 
blocky structure with clay films; very friable; 
slightly plastic, sticky; plentiful roots and macro-
organisms; common medium to fine pores; pH 4.6; 
abrupt and wavy boundary 

Note: Some downward penetration of material from 
upper horizons along channels of macro-
organisms (worms) 
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SERIES MILAGEO 

Profile No. J 14 
Described by J. Villegas 

Date: December 14, 1961 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A1 0 - 4  cm 

A3 4 - 50 cm 

IIB2s 50 - 110 cm 

IIIC 110 + cm 

Pilot zone San Martin, level high terrace 
110 cm (limited by stones) 
more than 110 cm 
level 
1 percent 
slow 
well drained 
well drained 

Very dark brown (10YR 2/2) sandy clay loam when 
moist; moderate medium blocky structure; firm; 
s l i g h t l y  p l a s t i c  a n d  s l i g h t l y  s t i c k y ;  p H  6 0 8 ;  
clear and smooth boundary 

Dark reddish brown (5YR 3/4) sandy clay loam when 
moist; weak medium blocky structure; friable; 
slightly plastic and slightly sticky; pH 4.8; 
gradual and smooth boundary 

Yellowish red (5YR 4/8) clay loam when moist with 
some fine gravel; moderate fine blocky structure; 
friable; slightly plastic, sticky; some clay films 
on aggregates; pH 4.3; clear and wavy boundary 

Hardened layer and rounded gravel of various colors 
forming blocks 

Note: In the first two horizons some gravel is 
encountered 
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SERIES NAPOLES 

Profile No. C 71 
Described by M. F. Cano 

Date: July 8, 19b2 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A1 0 - 1^ cm 

A3 - 28 cm 

B21 28 - 52 cm 

B22 52 - 85 cm 

B3 85 - 150 cm 

La Florida pilot zone, slope of high level plain 
150 cm (limited by concretions) 
more than 150 cm 
nearly level 
1 percent, convex 
moderate 
rapid 
well drained 

Matrix of dark brown (10YR 3/3) with very dark 
grayish brown (10YR 3/2) fine sandy loam when moist; 
weak medium to fine blocky structure without clay 
films; friable; non-plastic and non-sticky; abundant 
roots, plentiful macroorganisms; few fine vesicular 
pores; pH 4o8; clear and smooth boundary 

Matrix of brown-dark brown (10YR 4-/3) and yellow
ish brown (10YR 5/6) fine sandy loam when moist; 
weak medium to fine blocky structure without clay 
films; non-plastic and non-sticky; plentiful roots 
and macroorganisms; common fine and very fine pores; 
pH 8; gradual and smooth boundary 

Strong brown (7.5YR 5/6) sandy loam when moist, with 
some penetration of material from upper horizons; 
massive but crumbling structure; very friable; non-
plastic, non-sticky; plentiful roots and macroorga
nisms; common fine and very fine vesicular pores; 
pH £f„9; gradual and smooth boundary 

Strong brown-(7*5YR 5/8) sandy loam when moist with 
some strong brown (7<>5YR 5/6) areas; massive; very 
friable; non-plastic and non-sticky; few roots and 
macroorganisms; common fine and very fine pores; pH 
4.9; diffuse and smooth limit 

Yellowish red (5YR 5/8) sandy loam when moist, with 
some irregular olive gray (5Y 5/2) mottling; massive 
friable; non-plastic and slightly sticky; few roots 
and macroorganisms; pH 5o0 

Note: Below 150 cm a layer of fossil ferruginous 
concretions is found 
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SERIES 0CARR0 

Profile No. C 62 
Described by K. F« Cano 

Date: June 20, 1962 

Location: 
Effective depth: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

C 1  0 - 1 0  c m  

IIC2cn 10 - 20 cm 

IIC3cn 20 - 70 cm 

La Florida pilot zone, hill of dissected high plain 
70 cm 
moderately steep 
20 - 25 percent 
rapid 
moderate 
well drained 

A lateritic layer of rounded and laminar shapes of 
Very variable depths and very dark red colors. This 
layer is exposed on the hill sides and in some areas 
forms an endurated surface layer (arrecife), while 
in other areas more gravel is found 

Red (2.5YR k / 6 )  sandy clay loam when moist, with 
dusky red (2«>5YR 3/2) elongated mottling and very 
dark brown (7*5YR 3/4) transported ferruginous con
cretions; weak very fine blocky structure; friable; 
slightly plastic, slightly sticky; few roots and 
macroorganisms; few fine and very fine pores; pH 
408; gradual and smooth boundary 

Red (2«5YR k / 6 )  sandy clay loam v/hen moist, with 
dusky red (2«>5YR 3/2) mottling and more sandy v/hite 
(7»5YR 8/0) veins, dark red (10R 3/6) concretions; 
very weak blocky structure; friable; slightly plastic, 
slightly sticky; few roots and macroorganisms; few 
fine pores; pH 4„8; gradual and smooth boundary 

Red (2<>5YR 4/6) sandy clay loam when moist, with 
white (7«5YR 8/0) sandy veins and red (10R 4/6) con
cretions; sandstone rocks; massive; very friable; 
non-plastic and non-sticky; no roots or macroorga
nisms; few pores; pH 4„8; gradual and smooth boundary 

IIIC5 90 - 130+ cm Yellowish red (5YR 4/6) sandy clay loam v/hen moist, 
mottled with white (7»5YR 8/0) sandy veins; more 
abundant and harder sandstone rocks than in previous 
horizon; massive; very friable; non-plastic, non-
sticky; no roots or macroorganisms; few fine pores; 
pH ko9 

Note: From 130 to 200 cm the horizon continues with 
the same colors and a gradual increase in 
clayeyness; from 200 to $00 era clay increases 
further and white colors (40 percent) alter
nate with red 

IlC^cn 70 - 90 cm 
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SERIES 0R0CUE 

Profile No. E 26 
Described by E., Marin 

Date: January 26, 1962 

Location: 
Effective depth: 
Watertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A 1  0 - 1 0  c m  

A 3  1 0 - 1 8  cm 

B21 18 - 40 cm 

B22 40 - 73 cm 

B23 73 - 130 cm 

C1 130 - 160+ cm 

Pilot zone Orocue No. 1, on natural levee 
165 cm (limited by water) 
165 cm 
level 
0 - 2  p e r c e n t  
slow 
rapid 
well drained 

Dark grayish brown (2<>5Y 4/2) sandy loam when 
moist, with quartz; weak medium to fine blocky 
structure without clay films; very friable; non-
plastic and non-sticky; abundant roots and macro-
organisms; pH 4.8; clear and smooth boundary 

Olive brown (2o5Y 4/4) sandy loam when moist, 
with quartz; weak fine blocky structure; friable; 
non-plastic and non-sticlcy; plentiful roots; 
abundant macroorganisms; pH 5»0; clear and smooth 
boundary 

Yellowish brown (10YR 5/6) sandy loam when moist, 
with quartz; very weak blocky structure with some 
clay films; very friable; non-plastic, non-sticky; 
plentiful roots and abundant macroorganisms; some 
penetrations from upper horizons in channels; pH 
5*0; clear and smooth boundary 

Yellowish brown (10YR 5/8) sandy loam when moist, 
with gray (N 4/0) veins, some quartz; massive; 
very friable; non-plastic, non-sticky; few roots; 
pH 5»0; clear and smooth boundary 

Matrix of yellowish brown (10YR 5/8) and strong 
brown (7*5YR 5/6) sandy loam with quartz; massive; 
very friable; non-plastic and non-sticky; no roots 
or macroorganisms;pH 5<>2; clear and smooth boundary 

Strong brown (7»5YR 5/6) sandy loam when moist, 
with yellowish red (5YR 5/8) mottling and quartz; 
massive; very firm; non-plastic and non-sticky; 
no roots or macroorganisms; pH 5»0 
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SERIES PACHAQUIARO 

Profile No. J 71 
Described by J« Villegas 

Date: May 22, 1962 

Location: 
Effective depth: 
V/at er table: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A11 0 - 7 cm 

A12 7 - 18 c m 

IIB2 18 - 27 cm 

IIB3 27 - ^0 cm 

Puerto Lopez pilot zone, low alluvial terrace 
^0 cm (limited by water) 
kO cm 
level 
0 - 2  p e r c e n t ,  c o n v e x  
slow 
moderate 
imperfectly drained 

Brown-dark brown (10YR silt loam when moist; 
weak fine blocky structure; friable; slightly 
plastic, slightly sticky; abundant roots and macro-
organisms ; pH k06', clear and smooth boundary 

Dark yellowish brown (10YR k/k) silt loam when 
moist; very weak medium blocky structure without 
clay films; friable; slightly plastic, slightly 
sticky; plentiful roots, abundant macroorganisms; 
pH k„7', gradual and smooth boundary 

Dark yellowish brown (10YR k/6) silty clay loam 
when moist, with irregular light brownish gray 
(2.5Y 6/2) 10 percent mottling; weak medium 
blocky structure without clay films; friable; 
slightly plastic and slightly sticky; plentiful 
roots and macroorganisms; pH ko7] diffuse and 
smooth boundary 

Strong brown (7o5YR 5/6) silty clay loam when 
moist, with irregular light brownish gray (2o5Y 
6/2) 10 to 20 percent mottling; moderate medium 
blocky structure with clay films; friable; slightly 
plastic, slightly sticky; no roots or macroorga
nisms; pH 408 

Note: Soil bore samples show a glayed soil from 
kO to 80 cm, with dark red (10R 3/6) mot
tling which increases with depth. Sandy 
clay with some concretions. From 80 to 120 
cm the texture remains the same but the con
cretions increase 
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SERIES P0T0SI 

Profile No. T 2 
Described by H. Toquica 

Date: November 28, 1962 

Location: 
Effective depth: 
V/atertable: 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A1 0 - 9 cm 

A B  9 - 3 8  c m  

B21t 38 - 70 c m 

B22t 70 - 98 cm 

B23t 98 - 167 cm 

Puerto Lopez pilot zone, on edge of basin 
more than 240 cm 
more than 240 cm 
level 
1 percent 
slow 
slow 
well drained 

Very dark grayish brown (10YR 3/2) sandy clay 
loam when moist, v/ith weak brown-dark brov/n 
(7»5^R 4/4) mottling along the pores; massive 
with few fine to medium blocks; friable, slightly 
plastic and slightly sticky; plentiful roots and 
macroorganisms; pH 4„8; clear and smooth boundary 

Brown-dark brown (7e>5YR 4/4) clay loam when moist; 
weak blocky structure with no clay films; friable; 
slightly plastic and slightly sticky; few roots 
and macroorganisms; few fine pores; pH 408; gradual 
and smooth boundary 

Brown-dark brown (7.5YR 4/4) clay loam when moist; 
weak medium blocky structure v/ith some clay films; 
friable; slightly plastic, slightly sticky; few 
roots, plentiful macroorganisms; few fine pores; 
pH 4.8; gradual and smooth boundary 

Yellowish red (5YR 4/6) clay when moist, with brown-
dark brown (10YR 4/3) mottling in pores and yellowish 
brown (10YR 5/6) mottling in channels; weak medium 
blocky structure with few clay films; friable; 
slightly plastic and slightly sticky; few roots, 
plentiful macroorganisms; few fine pores; pH 4.8; 
gradual and smooth boundary 

Red (2»5YR 4/6) clay aggregates with yellowish 
brown (10YR 5/6) and brown-dark brown (10YR 4/3) 
on surface of aggregates; weak medium blocky 
structure with clay films; friable; slightly plas
tic, sticky; very few roots, plentiful macroorga
nisms; few fine pores; pH 4.8 
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SERIES SHANGRILA 

Profile No, P k 
Described by R. Bernal 

Date: January 29i 1963 

Location: 

Effective depth: 
V/atertablei 
Relief: 
Slope: 
External drainage: 
Internal drainage: 
Natural drainage: 

A11 0 - 10 cm 

A12 10 - 28 cm 

Aguas Claras pilot zone, summit in dissected 
high plain 
155 cm (limited by gravel) 
more than 165 cm 
level 
2 percent 
rapid 
moderate 
well drained 

Very dark grayish brown (Zo^Y 5/2) sandy loam, 
very dark grayish brown (10 YR 3/2) when moist; 
fine to medium crumbly structure; loose; slightly 
plastic and non-sticky; abundant roots and macro-
organisms; many very fine pores; pH 4<>6; clear 
and wavy boundary 

Olive brown (2»5Y k/k) sandy loam, very dark grayish 
brown (2»5Y 3/2) when moist; massive, breaking into 
very weak fine blocky structure; loose; slightly 
plastic and non-sticky; abundant roots and plentiful 
rnacroorganisms; common very fine pores; pH ^<>8; 
gradual and wavy boundary 

Yellowish brown (10YR 5/6) sandy clay loam, dark 
yellowish bi"own (10YR k/k) when moist; massive; 
loose; slightly plastic and slightly sticky; plenti
ful roots and rnacroorganisms; common fine pores; pH 

• 8; gradual and wavy boundary 

Yellowish brown (10YR 5/8) sandy clay loam with 
some darker spots, possibly of transported organic 
matter, yellowish brown (10YR 5/^) when moist; 
massive; slightly hard; slightly plastic, sticky; 
few roots and plentiful rnacroorganisms; few fine 
pores; pH 5*0; gradual and wavy boundary 

IIB22c 106 - 155 cm Strong brown (7°5YR 5/8) sandy clay loam when moist; 
massive; friable; slightly plastic, sticky; few roots 
and rnacroorganisms; common very fine pores; pH 5*2; 
abrupt and wavy boundary 

IIIC1cn 115 - 165 cm Strong brown (7«5YR 5/8) sandy clay loam when moist, 
with dark red (7«5R 3/6) mottling over 40 percent; 
massive; friable; slightly plastic and slightly 
sticky; no roots or rnacroorganisms; common very fine 
pores; pH 5®2 

A3 28 -  56 cm 

IIB21c 56 - 106 cm 
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; purpusii savanna of the intermediate terraces. 
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Complejo de sabana de Pospalum 
mesetas de la aiti l lanura onduladc 
Complex of Paspalum carinatum 
of the undulating high plains. 

Complejo de la sabana de Pa spa 
de la aiti l lanura ondulada. 
Complex of the Paspalum pectina 
the undulating high plains. 

Complejo de la sabana de Trochy 
de la aiti l lanura plana y ondulada. 
Complex of the Trachypogon ve 
of the level and undulating high 

Complejo de la sabana de Trach 
Leptocoryphium lanatum de la Ik 
Complex of the Trachypogon ve 
lanatum savanna of the alluvial 

Te Sabana de Trachypogon ligularis — 
Trachypogon ligularis—Paspalum c 

Ti 

TL 

T m 

Tp 

Tt 

Sabana de Trachypogon vestitu: 
Trachypogon ve st it us — Axonop us 

Complejo de sabana de Trachyp 
ligularis de los abanicos inferto 
Complex of the Trachypogon ve! 
l igularis savanna of the lower c 

Sabana de Trachypogon vestitus 
Trachypogon vestitus savanna c 

Sabana de Trachypogon vestitu 
Trachypogon vestitus savanna o 

Sabana de Trachypogon ligularis 
Trachypogon ligularis savanna o 



um carinotum y sabana de Paspalum pectinatum de las 
3da. 
Tt savanna and Paspalum pectinatum savanna of the mesetas 

palum pectinatum y la sabana de Trachypogon vestitus 

natum savanna and the Trachypogon vestitus savanna of 

:hypogon vestitus y la sabana de Paspalum pectinatum 
ja. 
vestitus savanna and the Paspalum pectinatum savanna 
]h plains. 

ichypogon vestitus- Axonopus purpusii y la sabana de 
llanuro oluvial de desborde. 

vestitus — Axono pus purpusii savanna and the Leptocorypnium 
ial overflow plains. 

i  — Paspalum carinatum de los medanos de la llanura eolica. 
carinatum savanna of the dunes of the aeotian plains. 

tus -  Axonopus purpusii de las terrazas 
i us purpusii savanna of the intermediate 

lypogon vestitus — Axonopus purpusii y la 
riores con lechos pedregosos. 
vestitus—Axonopus purpusii savanna and 

alluvial fans with stony riverbeds. 

JS de las terrazas medios. 
i  of the medium terraces. 

intermed ias. 
terraces. 

sabana de Trachypogon 

the Trachypogon 

itus de los abanicos pedregosos. 
of the stony alluvial fans. 

ris de las terrazas del pie de monte. 
of the foothill  terraces. 
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