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Introduction 

"One does not farm the Amazon Plain, but [rather] hundreds of thousands of 
particular tracts of ground, each endowed with ... a specific local climate 
and rnany other equally localized and specific environmental components11 

(Sternberg,_ 1964: 323). 
,', 

The concept of 11ecological zonation" as a guiding principal of tradi- 

tional land-use rnanagement in Latin America has been primarily considered 

in terrns of altitudinal variation, or 11verticality," in the Central Andes 
'\ 

(Murra, 1975; Brush, 1977). Different altitudinal zones are utilized in 

order to spread risk, to diversify crops, to spread demands on labor, and 

to utilize land which is close at hand (Figure 1). A related concept is 

that of "environmental gradient,11 which refers to how close biotopes2 are 

to one another in distance (Porter, 1965). A mountain slope has a steep 

environmental gradient because of spatially rapid changes in temperature 

as well as in associated moisture, vegetation, and soil. Thus, farrners 

have easy access to a variety of biotopes. 

However, the concept of zonation, with a steep environmental gradient 

and multi-biotope exploitation, need not be limited to mountain slopes. 

It may occur in aquatic situations as well as elsewhere. A good exa.mple 

is provided by Nietschmann (1973: 98).for the Miskito Indian habitat on 

the Caribbean Coast of Nicaragua. A wide variety of biotopes exist and 

are recognized and utilized alonga sea to shore to inland transect 

(Figure 2). Deneven and Schwerin (1978) combined a cross section of bio-- 

topes with types of agriculture in the Llanos Altos of Venezuela (Figure 3). 

It seems appropriate, t.hen , to speak of "horizontal zonat í.on" where 

there is a steep environmental gradient but little orno change in elevation 

exc~pt ata micro scale. 
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\'/hereas the Amazon Basin in the past has been thought to be ecolog- 

ically uniform, with recognition mainly of forest, savanna, and river, 

Amazonian scholars are increasingly aware of considerable heterogeneity. 

Frequently, there is regularity or zonation to this heterogeneity, which 

is recognized and utilized by local people in their gathering, hunting, 

fishing, and agricultura! activities. 

Six major subdivisions of the Amazonian biorne can be identified: 

humid forest, seasonal forest, montane forest, dry savanna, wet savanna, 

and floodplain. Each consists of a number of distinct biotopes. To 

deséribe each, their spatial patterns, and their potential or actual uti- 

lization would be a major undertaking. The floodplain habitat, which 

probably has the greatest heterogeneity, is selected for examination here. 

Floodplains occupy only a small portion of the Amazon Basin, about 2 per- 

cent of the total area, but nevertheiess total some 30 million hectares in 

Brazil (Goodland, 1980: 17). However, it is in the floodplains that most 

of the population, settlementJ and econornic activity is located, and this 

is where there is the greatest opportunity for expanding intensive agri- 

culture because of under-utilized alluvial soils. This paper will briefly 

demonstrate the zonation of biotopes and of agriculture in the Amazon 

floodplains. 

At issue is thê potential of the Amazon Basin for the production of 

food and other products on a sustained yield basis. For production to be 

effective, environmental heterogeneity must be recognized, utilized, and 

sustained. Resource surveys are essential to deliminate environmental 

patterns. As for utilization of variable resources, much can be learned 

from traditional practices in specific habitats. I will draw on my own 

experience with Amazonian biogeography and native agriculture, which has 

I 
/ 
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involved the Mojo in the Bolivian savannas, the Campa in the Andean foot- 

hills of Peru, and briefly the Karinya in the Orinoco Llanos and the 

Shipibo and Bora in the Peruvian Amazon. 

Factors of Floodplain Variability 

A transect across the floodplain of the Amazon River or one of its 

tributaries will intersect various biotopes in a regular and predictable 

sequence. Some portions of the sequence may be repeated several or even 

many times along the transect. By floodplain (várzea3 in the Brazilian 

Amazon) we refer to the entire area between the riming valley walls in 

which a river swings back and forth across recent alluvium.· The width of 

the floodplain for the main Amazon is mostly between 10 and 30 miles. The 

biotopes within the floodplain are created by or influenced by a number of 

factors, and these are summarized below. 

Geomorphology. The floodplain biotopes are best defined in terms of 

landforms which are constantly being created and destroyed by the annual 

floods and by the lateral movement of the river channel. The floodplain 

landscape·features can be characterized as being erosional, drowned, or 

depositional (Sioli, 1975a). The principal landforms include: (1) the 

river channel; (2) islands within the river channel, which may only be 

exposed during low water; (3) natural levees (restingas) of the river 

channel, and former levees or remnants of levees, which may be straight 

or curving; (4) side channels (paranás); (5) backswamps (tehuampas or 

igapós), which may contain forest or grassland, or perrnanent·or seasonal 

lakes; (6) cut-off lakes or oxbows, which are remnants of former meanders; 

(7) mouth bays, enormous floodplain lakes at the mouths of some rivers; 

(8) point bars, which are parallel ridges formed within the expanding 
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loops of meanders; and (9) playas (praias) which are sand or mud beaches 

appearing at low wattr adjacent to levees, islands, oras point bars or 

low terraces. 

The fe~.tures formed by the major channels are referred to as First 
~ . ~ 

Order topography; those formed by lesser channels and tributaries are 

referred to as Second Order topography (Figure 14). The result is a com- 

plex pattern of major and minor land and water features, often inter- 

grading, whose dimensions are constantly changing as water levels rise 
l 

and fall and channels shift. The origins and variations of these features 

(' have been well treated elsewhere (e.g., Sternberg, 1956, 1957, 1960, 1975; 

Tricart, 1977). 

River Morphology. The presence and patterns of floodpiain landforms 

vary with river morphology, of which there are three basic types (Goulding, 

1980: 17-21). The main Amazon channel is braided, with minimal meandering, 

with the river dividing and subdividing creating large lenticular islands 

(Figure 4). The Rro Ucayali, Rio Purus, and rnany others, in contrast, are 

strongly meandering, with numerous cut off lakes (Figure 17). The Madeira, 

Tocantins, Xingu, and Tapajos are all relatively channelized rivers, with 

,...--.. reduced floodplains and comparatively straight courses (Figure 5). Land- 

forrns within floodplains are least stable where there is strong meandering. 

Floodplain Width. The size, number, and variety of landforms present 

in a floodplain are affected by the width of the floodplain, which of course 

tends to become progressively larger moving downstream. 

Hydrochemistry. Amazon rivers can be further categorized by varia- 

tions in water chemistry, which are largely determined by geology (Sioli, 

1968, 1975a, 1975b). The classical distinction is in terms of optical 

properties: white-water, clear-water, and black-water (mapped in 
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Mclntyre, 1972: 460-461). These differences affect patterns of vegetation, 

fish and other aquatic life, insects, and soils. lfnite-water rivers, such 

as the Amazon itself, carry large amounts of fine sediment from the Andes, 

have low transparencies, carry floating vegetation, have high phytoplankton 

production, and produce silty soil. Clear-water rivers (Tocantins, Xingu, 

Tapajos) arise in the Brazilian and Guiana Highlands where there are resis- 

tent granitic and metamorphic rocks, and they carry low amounts of fine 

sediment, have high tran?parencies and low nutrient levels, and produce 

sandy soils. The black-water rivers, such as the Negro, arise mainly in the 

r--- Tertiary lowland tierra (terra) firme, or interflueve surfaces; they are 

clear or black stained, contain dissolved and collodial acid compounds 

(which may be toxic to many organisms), and form acidic sandy podsols. 

Transitions exist between these categories, and mixing occurs where differ- 

ent types meet. 

Geology. Not only is water chemistry influenced by geology, but so are 

soils and structural characteristics such as channel location, size, and 

orientatipn. The basic geological formations are the Andean foothills, 

the Guiana Highlands, the Brazilian Highlands, and the Tertiary and 

Quaternary Amazon plain; these are shown for Brazil on Figure 6. 

Climate. For Amazonia, the significant macro-climatic factors are 
1 

total rainfall and length of the dry season. For the floodplains, however, 

both are secondary in importance to the rise and fall of rivers, which are 

controlled by climatic events externa! to the floodplains themselves. For 

a discussion of Amazonian climates, see Galvão (1959) and Ratisbona (1976), 

Annual rainfall is shown on Figure 7. 

Biogeography. Patterns of flora and fauna within the Amazon flood- 

plains vary with the above factors plus the rise .and fall of water levels. 

~ 1144 #41.,14.t -+,..,_., .- •••••...• -- ~ •. --~ -- - , ...• -- _,,_ - , . - • 
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There are regional patterns of tropical forest phytogeography (Prance, 

1980) (Figure 8) which are reflected in variations in the floodplain 

forests, although probably to a lesser degree than in tierra firme forests. 

Prance distínguishes seven types of Amazon forest subject to inunda- 

tion: 11(1) seasonal várzea - forest flooded by regular annual cycles of 

white-water rivers; (2) seasonal igap6 - forest flooded by regular annual 

cycles of black-and clear-water rivers; (3) mangrove - forests flooded 

twice daily by salt-water tides; (4) tidal várzea - forest flooded twice 

dai~y by fresh water backed up from tides; (5) floodplain forest - on 
r: 

low lying ground flooded by irregular rainfall, generally ~n upper reaches 

of rivers; (6) permanent white-water swamp forest; (7) peI1Uanent igapó - 

black-water forest" (Prance, 1979: 26). In addition t~ere are a variety 

of forests on the high ground of the natural levees which are only occa- 

sionally and briefly inundated by high floods. Dueto periodic destruc- 

tion by floods, these forest gener~lly are notas high, diverse, oras 

old as the tierra firme or upland forests. Finally, some backswamps 

subject to seasonal flooding and dessication contain sections of grass- 

land. The playas are barren of vegetation when first exposed, but may be 

r-'" rapidly invaded by wild canes and other herbaceous plants. 

Fauna! patterns are also highly variable within the floodplains, 

varying both with type and size of landform or waterform and with the 

rise and fall of water levels. For recent studies of Amazonian fish and 

fishing, see Goulding (1980) and Smith (1981). 

Soils. First of all, soils vary from floodplain to floodplain de- 

pending on the type and amount of sediment carried by a river as deter- 

mined by source area and river dynamics. Second, larger rivers with 

greater interna! velocities tend to carry coarser sediments than do 

--~~-- •••••••••• .,., •••• ,,. ••••• L ,...._. ·- ,~- ~ 
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smaller rivers. Third, when a river overflows its bank and water velocity 

is reducedsignifican!lY, the coarser sediments are dropped first and the 

finer sediments further away. Thus, more sandy soils occur in levees and 

finer soils;;in the backswamps. Finally, there may be considerable micro 
\ 

variation in soil texture reflecting changes over time in water behaviour 

or slight variations in water behaviour across a landform. Higbee (1945: 

410), for example, diagrams a playa near Iquitos which was primarily sand, 

but with patches of clay loam and sandy clay loam (Figure 9), Farmers, 
.'.\ 

very aware of these micro differences, planted rice on the clay loam and 

r" beans on the sandy clay loam, but they did not plant the less productive 

sand. For another description of micro soil variation, see Momsen, 1964. 

For a recent review of várzea soils in relation to agriculture, see 

Roosevelt (1980: 112-119). 

Seasonali ty of Ri ver Ris e and Fal 1. "Each year there is a f lood. 

All life has adjusted to accommodate it. It comes notas a disaster, but 

as a season. Day-by-day the river rises a few centimeters ata time, 

dropping a bit, then rising higher, not unlike the temperature changes of 

autumn that prepare the way for a northern winter11 (Bergman, 1974: 73, 76). 

/· At Manaus, the 50 year average for high water is 27 meters above sea 

level and that for low water is 18 meters; the range between the maximum 

(30 meters) and the minimum (14 meters) is 16 meters (Sternberg, 1975: 22) 

(Figure 10), There is a fairly rnarked regularity in the annual fluctuation 

o~ing to the enormous size of the basin, the gentle gradient, and the great 

temporary storage capacity of the floodplain and estuaries which combine to 

minimize the impact of short term events frorn place to place in the basin. 

However, upstream and in the tributaries these influences are less with 

consequent less regularity in the rise and fall of waters in terms of 
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seasonality, average ranges, and extreme ranges. The high to low flow 

ratio at Manaus is only about 5 to 1, which is much less than that of 

most large rivers. Along the main ríver the water level changes pro- 

gressively daily, wíth little variation in the cycle up or in the cycle 

down. On the tributaries, in contrast, a single big storm in the head- 

waters can cause a sudden rise in level, followed by a sudden fall; playa 

agriculture, as result, is more hazardous, even though vast areas are ex- 

posed at low water for long periods, 

At Manaus, high water peaks in June and low water in October. The 

high water period (above 24 meters) lasts six months, from mid February 

to late August. The lowest low water period (below 20 meters) only lasts 

3 months, from mid September to mid December, which may not be long enough 

to get a crop on the lowest ground. The duration of low water in terms of 

exposure of agricultura! land is of course relative to the relief of the 

land as well as to the rise and fall of the river~ Of the amount of land 

exposed during lowest water, possibly only as little as 10 percent will be 

exposed quring highest water. However, there are almost no data available 

on the amounts of land above water at different times of the year for 

locations along different rivers. 

There are many ecological implications of variations in water level, 

including the dispersa! and distribution of flora and fauna. These have 

been sununarized by Sternberg (1975: 23-24); also see Huber (1909) on 

the dispersa! of várzea trees; Junk (1970) on floating meadows; and 

Goulding (1980) on fish. 

Tile variation of water leve! is of significance to people in almost 

all activities: transportation, location of settlement, harvesting of 

flora and fauna, and agriculture. As water levels change, so too do these 
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activities change in location and extent. Accurate prediction of water 

level changes is essential for success in economic endeavors, and while 

there is regularity in seasonal rise and fall of the water, adaptation is 

cornplicated by the instabi~ity of the land itself as the river swings 

back'and forth across its floodplain, destroying land in one place, cre- 

ating it in another (Sternberg, 1975: 17-18). A farm or village may 

disappear overnight as banks cave in. A large playa fronting a village 

during low water one year may not reappear a year later. (The land owner- 

shir problems resulting merit a major study.) 

For the farmer, annual flooding means the annual deposition of fertile 

sedirnent, which makes annual cropping possible. However, while floodplain 

soils are far superior to most tierra firme soils, there is considerable 

variation in soil texture and fertility and hence options for different 

crops, as previously rnentioned. A second advantage of the annual flooding, 

at least for the lowest land, is the destruction of pests and vegetation. 

Little orno land clearing is necessary, and crop losses to pests are 

minimal. The floods themselves are the main hazard. On the higher, for- 

ested ground of the levees the reverse is .true, and short-fallow shifting 

cultivation is practiced, not so much because of deficient soil fertility 

but because of weed invasion and pest problems.~ 

Agricultura! patterns, including labor scheduling, amount of land 

cropped, and type of crop, are all keyed to water level variation. Short 

growing season crops, stich as maize, beans, peanuts, and rice are grown 

on the lowest lying ground. The fine tuning of planting is best exemplified 

by rice which is characteristically planted (or transplanted) in progres- 

sive steps as the river level drops. Manioc and bananas/plantains dominate 

the levees. Perrnanent tree crops are only located on the highest ground 

/ 
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where there is seldom or only brief flooding. Livestock is also raised 

in the floodplains, on backswamp grasslands and cleared swamp forest and 

by utilizing floating meadows for forage (Sternberg, 1956). 

Thus, there are numerous environmental variables creating ecological 

heterogeneity or biotope diversity in the Amazon floodplains. These com- 

bine (1) to create regional variations, including significant differences 

along the course of the sarne river; and (2) to create local variations 

which occur in regular patterns that generally are linear and parallel to 

the main channel. Associated with this regularity is a horizontal zona- 

tion of agriculture, which is the major concern here. 

Cross sectional models of thc basic Amazon floodplain landforms or 

biotopes have been presented in several studies. One of the earliest is 

include Sioli (1975: 283) (Figure 12), Smith (1981: 6) (Figure 13), and 

r- 
t 

í 
a simple diagram (Figure 11) by Higbee (1945: 408), More recent examples 

Baker (1978: 226, 277), but they are also oversimplified. Better repre- 

·sentation of existing diversity and complexity may require maps or air 

photos (e.g., Sternberg, 1975: 20, 21; Bergman, 1980: 13, 19) (Figures 

14, 17, 18). 

Í'· Floodplain Agricultura! Zonation 

Considering the importance of the Amazon floodplain for agriculture-- 

past, present, and potentional for the future--it is remarkable that there 

is almost no specific published information on cultivation practices.6 

·sixteenth-century Indian populations within the floodplain were relatively 

dense and were supported by floodplain agriculture (Denevan, 1976; Meggers, 

1971: 121-149; Lathrap, 1970; Roosevelt, 1980). Within 200 years, however, 

the rnain river tribes and their subsistence systems were destroyed. In 
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the Upper Amazona few true floodplain tribes such as the Shipibo still 

survive, and we have some information on their playa, levee, and backswamp 

agriculture .. Until very recently, v~rzea cultivation was largely ignored 

by the Amazon caboclo peasantry, as was noted in 1953 by Charles Wagley 

(1976: 72, 272). The reasons are not clear, but probably involve an 

extractive economy orientation anda preference for manice which can only 

be grown on well-drained tierra firme and the higher levees (Ross, 1978). 

ln the process of h_is Amazon soils research during World War II, 

Edward Higbee (1945) wrote a general essay on playa cultivation, appro- 

/> priately titled 11The River is the Plow,11 but it provides little detail 

and is long forgotten. There hasn't been rnuch since on specific playa 

farming practices. Denevan and Schwerin (1978: 19-23, 36-37) describe 

playa cultivation along the Orinoco. Sternberg (1956) provides sorne in- 

formation for the island of Careiro near Manaus, but his main focus is on 

cattle raising. Given this lack of attention, it is impossible to even 

roughly estimate how important playa agriculture is. Certainly one can 

motor alo!lg the Amazon for many hours, as I did last summer below Iquitos, 

and observe nearly continuous cultivation of rice and other crops during 

low water. 

Not only is playa agriculture unstudied, but there is very little 

writing on levee cultivation. There seems to be an assumption that it is 

similar to tierra firme swidden practices, but it clearly is distinctive. 

Bergman (1974, 1980) gives some attention to playa and levee cultivation, 

but his best information is on backswamp farming. Thus, while there has 

been considerable research on traditional agriculture in Amazonia, at 

least 95 percent of it has been on tierra finne forest and savanna cultiva- 

tion, with very little on the floodplains. 

r\""- -~ 



• < f l. ~ _:~- ., 
L_ 

,_ 
<· 

-12- 

A Brazilian agronomist who has long and consistently argued for 

greater attention to the agricultural possibilities of the v~rzea is 

Felisberto Camargo (1950, 1958). He carried out experiments with simple 

water and soil managernent techniques, including siltation channels and 

drains. In his famous cross section of the Guama River (Figure 15), he 

showed different crops growing at different levels of the backswamp side 

of a natural levee (Camargo, 1958: 12). More recently, rnany ecologists 

and planners have called for greater attention to várzea agriculture 

(Goodland, 1980: 17-18; Eden, 1978: 461). 

As indicated above, ecological zonation within the várzea is clearly 

recognized in the literature. There is a general awareness of an assoei- 

ated agricultural zonation, as suggested by Camargo and by a rnap of 

Careiro Island by Sternberg (1975: 25) (Figure 16). However, a concept 

of land use zonation comparable to that of vertical zonation in the Andes 

has not been proposed. The only clear diagranunatic attempt that I know 

of to correlate an ecological zonation with an agricultura! zonation in 

the Amazon floodplain is that by Bergman (1980: 60) for the Shipibo of 

eastern Peru (Figure 20)5. 

r> A uniform·pattern of crop zonation is difficult to define because 

of micro variation in soils and other factors. However, a typical sequence 

from river to levee to backswamp would be: rice and beans on the playas; 

maize, sugar cane, and jute on the foreslope of the levees; bananas, manice, 

and orchard gardens on the tops of the levees; jute and sugarcane on the 

back slopes of the levees; and beans in the backswamps, along with pasture. 

Variation from region to region is considerable, but there tends to be 

local consistency in agricultural zonation. To illustrate this, the 

floodplain agriculture of Panaillo is examined. 
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, 
Example: The Shipibo Village of Panaillo, Rio Ucayali 

Panaillo is a Slripibo Indian village of about 100 people located at 
r r 

the juncture of the Rio Panaillo and the Rio Ucayali, one of the major 
\i: 

tributaries;,'1f the western Amazon in Peru (Figures 17, 18, 19). The 

Shipibo here have regular contact with the river port city of Pucallpa, 

speak Spanish, and have a resident Peruvian school teacher. Their sub- 

sistence system remains largely traditional, being based on banana culti- 

vation and Jishing. The cultural ecology of the village was studied in 

1971-1972 by a res~arch team l~d by Roland Bergman, and I spent a brief 

period with them in July, 1971. The data here are mainly drawn from 

Bergman (1974, 1980). 

The Panaillo resource area lies entirely within the floodplain of 

the Rio Ucayali, as shown in Figures 18 and 19. Typical of Amazonian 

meander-type rivers, the Ucayali floodplain, which is some 20 miles wide 

here, is an unstable network of natural levees, side channels, backswamps, 

sand bars and mud bars (barrials), islands, and lakes (Lathrap, 1968). 

Extensive playas are exposed during low water, which are many times greater 

than the river itself. Tributary streams, such as the Panaillo and the 
r: 

Aguaytia, add their own levees and backswamps to the complex floodplain 

landscape (Figure 19). The village of Panaillo is located along the top of 

the levee (restinga) of the Rio Panaillo (Figures 19, 21, 22). Facing the 

river the levee breaks sharply down to the water. On the other side the 

levee grades down more gently into a large backswamp (tehuampa), which is 

bounded by a former levee of the Rio Aguaytia, and behind that there is a 

perrnanent lake (cocha). Continuing westward, the area to the Aguatyia 

consists of lakes, backswamps, levee remnants, and playas. North lie the 

large playas and levees of the Ucayali. 

~~~--. .... - .•. ,--~ ·-~--- - .. - . 'f'!'···· "''-' 
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The Shipibo farmer is thus faced with a varied envirorunent, but with 

repetitive sequences of biotopes (zonation) and an annual sequence of 

rise and fall of water level. However, the size of individual biotopes 

and distances between biotopes vary considerably. ~fajor advantages are 

diversity and good soil. The major disadvantages are early or unusually 

high floods. (The January, 1971 high water leve! over-flowed the levee 

and destroyed a large portion of the banana trees.) Success in subsistence 

is dependent on knowledge of changing river levels and the related avail- 

ability of biotopes for different lengths of time and hence for different 

specific crops. Bergman (1980: 60, 90, 93) has ~apped and diagrammed the 

principal biotopes and associated crqps (Figures 19, 20, 21). These are 

as follows: 
, 

1. Mud Bar~-In the Rio Panaillo; flooded annually, silt loam; 
short growing season crops, including maize, beans, rice, 
peanuts, sweet potato, watermelon; potentially farmed 
every year, but only small portions are above water long 
enough to be cropped. 

2. Levee·Foreslope--Silt loam soil; sugar cane. 

3. Levee Top, River Side--Sandy soil; crchard and garden crops, 
including star apple, guava, mango, cotton, lemon, shapaja 
palm, grapefruit, mammee, sugar ~ane, tangerine, soursop, 
and hog plum. 

4. Levee Top, Center--Houses; dooryard plants, similar to .3 
but only a few sca,ttered items. 

5. Levee Top, Backswamp Side--Dominated by permanent bananas; 
a few short-fallow SNiddens with maize and manioc; scat 
tered guava, zapote, star apple, genipa, cacao, pejibaye, 
breadfruit, shapapa palm, tangerine; sorne comrnercial jute. 

6, Levee Backslope--Silt loam; sugar cane. 

7. Higher Backswamp, Lower Levee--Silt loam soils; swamp 
forest; maize, beans, watermelon, manioc, rice; poten 
tially farmed every year. 

Í 
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8. Lower Backswamp--Swamp forest; no cropping. 

9. Playas of the R{o Ucayali--Enormous sand and mud bars; ex 
posed as longas six months; flooded annually; beans, maize, 
rice, and peanuts. 

Thus, the Panaillo Shipibo make use of nine biotopes for severa! 

distinctive forms of agriculture--permanent, annual, and short fallow. If 

the village was located near the edge of the floodplain or on the adjacent 

bluff, as rnany Shipibo villages are (Lathrap, 1968: 74), the poor weathered 

oxisols of the tierra firme above the floodplain might also be used for 

long-fallow shifting cultivation emphasizing manioc. 

Bananas(including plantains) are the principal crop, with ma~ioc, 

maize, beans, and rice all secondary. These are supplemented by a variety 

of orchard and garden crops. Fish is the main source of protein, except 

during highest water (February-March) when fishing is poor. At that time, 

game, which tends to be trapped and concentrated on the levees, is important. 

In area cultivated, there are 10.5 hectares of bana~as, all on the levee. 

The low-water crops of maize (5.32 hectares), beans (1.13 hectares), and 

r--- peanuts (0.11 hectares) only total 6.56 hectares, even though there is con- 

siderable unused backswamp land available.· The low-water crops, however, 

can not provide year-round food, as can levee crops. Hence the traditional 

under utilization of the low-water·biotopes, despite their potential for 

high levels of annual production. The Panaillo Shipibo do not have much 
~ 

rnud-bar land in the playas of the Rio Panaillo that is exposed long enough 

to pl~nt rice for connnercial production. Most of the large nearby playas 

of the Ucayali, where there is good rice land, are controlled by mestizos. 

There is also an ecological zonation of fish and game resources, 

based on types of water body, vegetation, and seasonality. The patterns 
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of actual catches ref1ect the_ecological zonation in combination with dis- 

tance from the village. TI-tese patterns are mapped and described by . ' 
Bergman (198~: 135-166) and need not be discussed here. 

Biotope agricultural patterning at Panaillo is representative of the 

kind of zonation that occurs throughout the floodplains of the Amazon Basin. 

However, it is not necessarily typical given the wide variation in the 

factors dis~fssed earlier and given variation in crop orientation, variation 

in accessibility to land or in land ownership, variation in population 

pressure, and variation in availabili ty of commercial outlets. 

Ecological Zonation in Other Amazon Habitats 

Ecological heterogeneity and agriculturai zonation are most obvious 

in Amazonia in floodplains, and hence have been emphasized here. However, 

both are also characteristic to varying degrees of other habitats. The 

humid and seasonal tierra firme forests of the interfluves grow not on 

level surfaces but rather on rolling terrain with relief of as much as 

10 meters or more. Accordingly, physical conditions vary in a fairly regu- 

lar pattern from slope bottom to slope top, a sequence referred to in the 

soils literature as a "cat.ena ." Top soils are thicker and moisture gr eat er 

at the bottom (often with swamp in the depressions) and are thinner and 

dryer at the top. Forest size and composition vary accordingly. While 

soils may be superior on lower slopes, insolation may be greater higher 

up. Also, rodents and other pests may be more of a problem on the lower 

slopes. 

Montane sub-tropical forest occurs primarily on the eastern Andean 

slopes and extends from about 700 meters to 2000 meters (ONERN~ 1976: 95). 

Temperatures progressively decrease with elevation along with forest 
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height and diversity. Thus,vertical zonation is present, but there is 

also great horizontal zonation in rainfall, soil,and exposure. 

Savannas can be divided·into wet savannas, which are subject to 

seasonal inundation (Mojos in Bolívia, the Pantanal of western Mato Grosso, 

the Llanos Bajos of Venezuela and Colombia), and dry, upland savannas which 

do not normally flood and which have extremely impoverished soiís (the 

campo cerrado of central Brazil, the Llanos Altos of Venezuela). The wet 

savannas are somewhat similar to floodplains in that vegetation and soils 

í"' vary along gentle gradients which are inundated for progressively different 

lengths of time. They are also interspersed with podies of higher ground 

(levees, remnants of levees, dune, and other features) havíng significantly, 

diffurent soils and vegetation (Sarmiento, et aL, 1971). Thes e grassy 

terrains can be and have been cultivated, as in the Bolivian and Venezuelan 

Llanos (Denevan, 1966; Zucchi and Denevan, 1979). The dry savannas, mostly 

on level plateau surfaces, exhibit less variation locally, except where 

dissected by streams (Eiten, 1972). 

Thus, heterogeneity exists in all Amazon habitats, both on a local 

scale, as briefly described above, ando~ a regional scale as result of 

macro variations in climate, biogeography~ geology, and geomorphology 

(Figures 6, 7, 8). 

Conclusions 

1. '111ere is considerable ecological heterogeneity in the Amazon 

Basin, both local and regional, 

2. Local heterogeneity often occurs in regular patterns, oras 

zonation, which can be anticipated when one has knowledge of 

local terrain conditions and seasonality. 

i,,,'SS. *·"'- ,~- ---, _ ,.........,, __,. '' -, - 
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3. Where the envírorunental gradíent is steep (transitions from 

one biotope to anot~er occurring wíthin a short distance), 

opportunities for varied forms of agriculture are the greatest, 

thus rninimizing subsistence risk and maximizing crop variability. 

4. The greatest heterogeneity and best articulated zonation occur 

in the floodplains. 

5. The floodplains offer the best opportunities in the Amazon Basin 

for annual cultivation. Despite the problems from flooding, 

which have led to negative perceptions regarding floodplain de 

ve"ioprn;nt (Falesi, 1974: 227), the floodplain is relatively 

densely settled and systematically farmed compared to the tierra 

fiTIIle. Much floodplain land isn't used now but could be culti- 

vated given the careful attention to water leve! and micro land- 

scape variation and change that has long been characteristic of 

resident Indian and caboclo farmers. 

6. It might be thought that large scale conunercial agriculture is 

not feasible on the várzea because of small, often epherneral, 

fragmented units of fann land anã the difficulty of using ma- 

chinery. This is not necessarily so. Sorne playas are very 

large, extending unbroken along the rivers. Machinery can be 

used under some conditions of accessibility, but may not be 

feasible for other reasons. 

7. Floodplain agriculture, despite its importance and recognition 

of this importance, has received very little descriptive or 

analytical study. Research opportunities for anthropologists, 

geographers, agronomists, and others therefore are nearly 

unlimited. 
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FOOTNOTES 

1. Iam grateful for ideas,. information, and photos from Roland Bergman, 
who introduced me to the Shipibo of Panaillo, and from Judith Gunn, 
who currently has a Fulbright Fellowship to study agricultural sched 
uling on the Ilha dos Purus in the Amazon above Manaus. 

2. ,A biotope is a micro envirorunent with relatively uniform landform, 
climate, soil, and biota. It is with such units of nature that humans 
interact, not to an ill-defined "tropical forest,11 

3. In common usage in Brazil, várzea refers to the entire floodplain, or 
to the portions subject to annual flooding with igapó used for portions 
permane~tly flooded, and restinga is used for the levees which are only 
occasionally flooded. Prance (1979) uses vãrzea for white-water flood 
plains and igapô for black-water and clear-water floodplains. 

4. There is little data on river levee cultivation cycles. On the Alto 
Pachitea of eastern Peru, Campa Indian swiddens average 1 to 3 years 
of fallow and 3 to 4 years of cropping for manioc and up to 20 years 
for bananas (Allen and Tizôn, 1973). 

5. An excellent map of crop patterns for an Isconahua Indian village on . / 

the Rio Callaria, a tributary of the Ucayali in Peru, is presented by 
Momsen (1964), but correlations with ecological variation is not clear. 

6. A dissertation has recently been completed on a Brazilian Amazon caboclo 
agricultura! community, but it is not yet available (Parker, 1981). 

/ 
( 
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Figure 1. Vertical crop zonation at Uchucmarca in the Peruvian Andes (Brush, 
1977: 75). 
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Figure 2. Cross-section of horizontal zonation of biotopes on the Miskito 
Coast of Nicaragua (Nictschmann, 1973: 98). 
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Figure 3. Cross-section of biotopes and Karinya Indian agricultura! systems 
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Figure 4. Map of stretch of the Amazon River near 
floodplain, síde channels, and lenticular islands. 
From Sternberg (1975: 20). 
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Figure 6. Geological map of the Brazilian Amazon. 1) Quaternary; 2) Tertiary; 
3) Cretaceous; 4) Jurassic diabase; 5) Permian; 6) Carboniferous; 7) Devonian; 
8) Silurian; 9) Presilurian; 10) Archean. From Sioli (1975: 280). 
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Figure 7. Rainfall map of northern South America showing annual rainfall in 
millimeters (Prance, 1977: 197). 

Figure 8. Map of the seven major phytogeographic regions of Amazonia. 1) 
Atlantic Coast; 2) Jari-Trombctas; 3) Xingu-Madeira; 4) Roraima-Manaus; 5) 
Northwest-Upper Rio Negro; 6) Solimoes-Amazonas West; 7) Southwest. From 
Prance (1977: 209). 
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Figure 9. Map of variable soils and ·crops on a playa near Iquitos (Higbee, 
1945: 410). 
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Figure 11. Early diagram of Amazon landform types. From Higbee (1945: 408). 
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Figure 12, Cross-section of Amazon floodplain landforms and vegetation 
{Sioli, 1975a: 210). 
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Figure 13. Cross-section of Amazon floodplain landforms and vegetation 
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Figure 14. Air photo of first and second order alluvial features of the 
Amazon River (Sternberg, 1975: 21). 
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Figure 15. Cross~section of scheme for differential e:icploitation of tierra 
firme and varzea environments (Camargo, 1958: 12). 
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Figure 16. Map of land use along the Paraná do careiro (Sternberg, 1975: 25). 
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Figure 17. Air photo 
left (Bergman, 1974: 

of the Rio Ucayali, with 
19). 
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Figure 18. Map of same area as Figure 17, showing location of Panaillo 
(Bergman, 1980: 13). 

Figure 19. Map of resource area of Panaillo, showing biotopes and areas 
cropped (Bergman, 1980: 90). 
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Figure 20. Cross-section of floodplain landscape at Panaillo showing biotopes, 
crops, and water level fluctuations. From left to right: a steep rnudbank is 
exposed as it is the dry season (November). The beans are on the mudbar 
(playa): Sugar cane is on the edge of the natural levee (restinga). The 
street separates the orchard strip (a mango tree is shown) from a line of houses. 
Bananas occupy the rear of the levee to its edge, The rnaize grows on back 
swamp (tahuampa) land that previously supported adense stand of cecropia and 
wild cane. The virgin backswamp supports a wide variety of flood tolerant 
species. The second levee also has sugar cane along the front edge, Large 
banana plants crown the highest portion of this levee. Young banana plants, 
replanted since the flood of the previous March, occupy the lower part of the 
levee. A gíant rainforest tree occupies the low edge of the levee. It is 
far larger in both height and girth than the trees of the backswamp. Wild 
cane occupies the higher backswamp, but gives way to a twisted "alder-like11 

vegetation at the edge of the lake (cocha). The water level is very low in 
the lake. The shallow parts are a dry rnud flat. The backswamps and mud 
bars are entirely dry. From Bergman (1980: 60). 
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Figure 21. Land use map of Panaillo, showing biotopes, village, and crops 
(Bergman, 1980: 93). 

Figure 22. Oblique air photo of a portion of the village of Panaillo. At 
thc rcar of the houses are banana swiddens. Backswamp cultivation and for 
cs t fallow l Le to tho r ear , ln the upper left, trces have becn felled and 
ma í.zc p l ant cd , Further to thc r-ear is virgin backswamp , Orchard t r ees and 
a fcw banana plants flank thc front edge of thc levee. Paths sloping down 
ward ac ro ss t he mud bar Lcad to boat I an<lings. Some ma i z e and boans are 
growi.ng on thc mud bar, but much of it is uncultivated. From Bergman (1980: 
95), 


