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Severe soil erosion in a community
along Brazil’s Transamazon Highway.
Because of the broken terrain and tor-
rential rainfall, soil erosion is a major
constraint on the agricultural develop-
ment of the colonization scheme. Note
the bright red earth which is derived
from weathered basalt. See page 755.
[Nigel J. H. Smith, University of Flori-
da, Gainesville 32611}

Colonization Lessons from a

In 1970, the Brazilian government an-
nounced plans to integrate the Amazon
region with the rest of the country. The
forest-clad region was to be crisscrossed
by a web of pioneer roads with the east-
west Transamazon Highway serving as
the backbone for the system. The 3300-
kilometer Transamazon slices across the
forest blanketing the southern inter-
fluves of Amazonia, starting in Estreito
on the Tocantins River and finishing in
Cruzeiro do Sul near the Peruvian border
(Fig. 1). The entire road was opened with
bulldozers by 1975. Plans called for set-
tling 1 million families on 100-hectare
farms along the highway by 1980.

The Transamazon Highway was de-
signed to accomplish three main goals.
First, this two-lane dirt road would pro-
vide a safety valve for the poverty-
stricken Northeast, a region with 30 mil-
lion inhabitants increasing by 1 million a
year. The 1970 drought that seared the

The author is associate professor in the Depart-
ment of Geography, University of Florida, Gaines-
ville 32611.
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backiands of the region and uprooted
some 3 million people triggered the gov-
ernment’s decision to build the, Transam-
azon. Second, the highway would help
fill a demographic void in a region occu-
pying half of Brazil’s territory but con-
taining only 4 percent of the nation’s

would create access to mineral and tim-
ber reserves that would fuel the coun-
try’s spectacular 10 percent annual eco-
nomic growth.

The Transamazon scheme has largely
failed on all three counts. With the colo-
nization phase of the highway now com-
pleted, only 8000 families have been set-
tled by INCRA (Instituto Nacional de
Colonizagdo e Reforma Agréria), the
federal agency responsible for adminis-
tering the project. Even allowing for the
estimated 1600 families that have settled
spontaneously at the end of side roads
and in forest reserves, the highway
scheme has clearly not even come close
to achieving the colonization target.

Although three-quarters of the colo-
nists were supposed to be northeastern-
ers, only 40 percent of the settlers have
come from that parched region. The hu-

Summary. The decade-old Transamazon Highway provides a useful stage for
examining some of the major issues related to frontier conquest and the impact of
pioneer settlement on one of the world’s richest biomes. The highway project is an
ambitious colonization scheme and the lessons that can be drawn from it, ranging
from the environmental effects of stripping back the tree cover to the spread of
diseases, will be useful in guiding development policy in other tropical regions.

population. The Brazilian government
was reluctant to leave such an immense
space vulnerable to the covetous eyes of
foreign concerns, and saw the Transama-
zon Highway as placing an indelible
stamp of sovereignty on a land surround-
ed by an ever-increasing population and
experiencing a growing scarcity of natu-
ral resources. Finally, the highway

0036-8075/81/1113-0755$01.00/0 Copyright © 1981 AAAS

mid valleys of the Transamazon have
accommodated 23,000 nordestinos, but
since the highway was built, the popula-
tion of the Northeast has grown by 6
million. The Transamazon has thus ab-
sorbed less than 1 percent of the region’s
population growth. The failure of the
highway to relieve the demographic
pressures and social strife in the North-

755



east was highlighted in 1980 when
drought once again struck the region.
This time, the lives of 9 million people
werc disrupted, resulting in food riots in
several towns of Paraiba (/). The
drought has continued into 1981 and the
incidence of ransacking stores for food
has spread to other states.

A major objective of the highway
scheme, that of unlocking resources. has
only been partly realized. Neither lum-
ber nor mineral operations provide sig-
nificant income for the Transamazon set-
tlers. Only eight sawmills operate along
the highway, and all are small. The moslt
commercially important woods. such as
mahogany (Swietenia macrophyila) and
cedar (Cedrela odorara), have been
mostly cleared within a 15-km zone on
either side of the highway. The high cost
of transport fuel, and the ¢normous dis-
tances between sawmills, preclude the
large-scale exploitation of other, less
valuable trec species.

The highway has not led 10 the discov-
ery of any sizable mineral deposits. Only

one companyv. Mineragao Taboca, cox-
tracts minerals along the Transamazon.
The company has built a side road lead-
ing south from the Humaitd-Prainha
stretch of the Transamazon Lo lake out
tin ore. The 1978 production from the
mines totaled 1900 metric tons, repre-
senting a gquarter of Amazonia's rcported
tin ore production lor that year. The ore
is trucked to Sao Paulo in the industriat
heartland of Brazil. Mining aclivity thus
occurs only along a short stretch of the
Trunsamazon.

The sluggish colonization rate and dis-
appointing economic performance of the
scheme triggered a major policy shift in
the Brazilian government (2). With the
demise of a large number of the 100-ha
homesteads, planners rethought their
strategy lor developing the Amazon with
family-sized units. 1n 1973, the highway
was opened for large-scale entrepre-
neurs, principally cattle ranchers. Plot
sizes ranging from 500 to 66,000 ha were
made available for wealthy individuals
and for companies. These vast parcels of

land. set further back from the highway
than the 100-hz lots, are now being
cleared. They total 2.7 million hectares,
three and a half times the area zoned for
small tarms. In order to betier assess the
viability of the smallholder in the agricui-
tural development of Amazonja. the ma-
jor ecological, cultural, and institutional
factors that have retarded the progress of
settlement along the Transamazon neced
1o be highlighted.

The Ecological Setting

It is no accident that, historically, pco-
ple have settled mostly along the margins
of rivers in Amazonia (3). Silt-laden riv-
ers, such as the Amazon, create gener-
ous floodplains with fertile soils. abun-
dant fish, and the convenience of cheap
water transportation. In conlrast, the
interfluvial forests of the basin generally
mask poor soils, leached by millions of
years of torrential rainfall. The Transam-
azon Highway was clearly not designed
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to provide access to the better soils of
the region.

The highway transcct vividly reveals
this unfavorable base for agricultural col-
onization. Although soils vary consider-
ably in texture, color, and drainage char-
acteristics, most of them share on¢ un-
fortunate quality: they contain few ex-
changeable bases. Oxisols and ultisols,
which account for 80 percent of the earth
along the Transamazon, are strongly
acid with a low cation exchange capacity
and high levels of toxic aluminum. Only
3 percent of the scils in the vicinity of the
highway can be classified as naturally
fertile: they are dominated by trerra roxa,
red clays derived from weathered basall
(). Fertilizer prices are exceptionally
high in Amazonia because the product
must be imported from other regions.
Consequently, farmers rely largely on
nutrients that are captured in plants and
rcleased when the vegetation is burned
in field preparalion.

The Lhin layer of ash left on the ground
afler the annual burning is vulnerable Lo
erosion and rapid leaching. Storms can
be intense. In the Marabd area of Lhe
Transamazon, for example, 16 centime-
ters of rain fell within a few hours in
February 1974. The onsel of heavy rains
coincides with Lthe planting season when
garden plots ure bare and the soil surface
is exposed. Up Lo 100 Lons of Lopsoil per
hectare can be lost within a year on 15°
slopcs planted Lo annual crops (). The
severc loss of topsoil recorded f(rom
some fields along the Transamazon is nol
unusual in the humid tropics. In a region
near Ibadan in Nigeria, where the cli-
mate is similar to that of the Transama-
Zon region, soil erosion on cleared 15°
slopes has atlained 120 tons per hectare
annually (6).

The idea has been advanced thal soll
erosion in the tropics is not always detri-
mental (0 agricultural produclivity. By
stripping the highly leached manlle, it is
arguecd, plant rools can penetrate closer
lo the weathering zone in the subsoil
where nutrients are being liberated (7).
Bul in the case of the Transamazon and
other parls of the Amazon Basin, soil
erosion clearly drains the nutrient re-
serves of the soils since most of the
ferulily is concentrated in the top 5 cm
of soil (8).

Erosion of roads is at least as serious
as lopsoil losses in Transamazon fields.
From jet-cruising altitude, the Amazon
forest appears Lo be growing on a monot-
onously flat plain. But the canopy con-
ceals a penerally crumpied Lopography.
The reliet of the Precambrian Brazilian
shield, where close to half of the Trans-
amazon colonists have seliled, varies
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Fig. 2. Repairing the Transamazon Highway after the 1974 rainy season.

from sharply (o moderately undulating,
Extremes of relief from trough to hill-
cresl atlain 40 meters within 0.5 km in
some areas. Relalively flat plateaus and
terraces, geperally rimmed by a prolec-
tive edge of plinthite, are occasionally
cncountered along the Transamazon,
particularly along the Estreito-Araguaia
sirelch of the highway, but most of the
highway transect is a seemingly endless
sea of hills, During the rainy season,
some seclions of the highway are cut by
lateral erosion which must be repaired
during the dry season (Fig. 2). Many of
the side roads are cut off entirely for
several months. Harvested rice, the prin-
cipal cash crop along the highway, fre-
quently rots in fields because the grain
cannol be removed and sent to driers.

The broken lerrain slows Lraffic and
boosls transportation costs. Trucks and
buses cannot climb certain rain-soaked
hills. and tractors have 1o pull the vehi-
cles over the crests. Accidents due Lo the
slippery road surtacc are frequent. High-
way engineers employ certain formulas
to decide which roads warrant a hard
surface, but their caleulations need to
be tailored o local conditions. In the
case of Amazonia, the undulating topog-
raphy and heavy rainfall probably justify
asphalling major highways at the out-
sel.

Agricullural Yields

A major factor in the slowdown of the
colonization rate has been the disap-
pointing agricubtural vields. Poor soils
and erosion havc alreadv heen men-
lioned as (wo important conslraints to

agricullural productivity., Bul a host of
olher ecological and sociological faclors
have led Lo low crop vields.

A poor selection of crops by planners
is partly responsible for the generally
depressed crop performance along the
Transamazon. INCRA envisaged uptand
rice (Oryza sativa) as the main cash and
subsistence crop for Transamazon colo-
nists. Favored by fiscal incentives, rice
accounted for 30 percent of the 1978
income of 155 settlers sampled by the
author. But heavy dependence on one
crop for food and cash income is a risky
policy, particularly in the tropics where
weeds and pests proliferate all year.
Mosl Transumazon farmers canmot af-
ford to buy insecticides, fungicides. or
herbicides.

Rice yields along the Transamuazon
average only 1593 = 679 kilograms per
hectare (mean = standard deviation,
N = 97). A typical {farmer plants 8 ha of
the cereal every vear, but only grosses
about $1900 from the sale of the crop, a
meager income if one considers the in-
flated prices of manufactured goods and
wages that must be paid to laborers. One
of the reasons Lhat rice yields are so low
is that inappropriate varicties have been
promoled by INCRA and EMATER
(Empresa de Assisténcia Técnica e Ex-
tensio Rural), the agricultural extension
service. The most commonly planted va-
riety, JAC 101, was developed in Campi-
nas in southern Brazil, barely within the
tropics. The TAC 101 strain is unsuited lo
the climatic conditions of the Amazon
Basin because the long stems lodge dur-
ing storms at harvest time. A flattened
crop lakes longer to harvest, rots in
contact with the hurmid earth, and is
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Fig. 3. A stream that was dammed by the Transamazon Hiphway.

calen by rals and ground doves (Colum-
bina talpaceti). For the 1973 planting
season, INCRA distribuled barbalha, a
rice variety from the northeaslern state
of Pernambuco. Barbalha yields were
well below expeclations, averaging only
445 kg/ha (9). In an effort to introduce
more advanced agricultural lechniques,
planners overlooked local varieties of
rice traditionally used by peasants.

Manioc (Manihot esculenia), a basic
staple of the Amazon region, was rele-
galed 10 a minor role in the agricultural
strategy of the colontzation project. The
root crop was perceived as a primitive
cultivar with little economic potentiul.
Nevertheless, manioc has several crucial
advanlages over rice as a catalys! for
agricultural developmentl, especially dur-
ing the starl-up phase of a setllement
scheme in Amazonia.

The myth that manioc is an economi-
cally unattractive crop has been dis-
pelled by the Transamazon expericnce.
On first-year plots, vields of Lhe rootl
crop easily attain 20 tons per hectare, in
part because of the light pest damage
(71¢). MosL of the crop is converted to
flour for domestic consumption and sale.
An average of 3.3 = 0.4 kg (N = 4) of
tubers is required Lo make 1 kg of flour,
so 1 ha of manioc can easily yield 4240 kg
of flour. A fumily of six can comfortably
harvest 3 ha of the tubers within a year
and earn $3000 from the sale of flour.
Although the relative Anancial advantage
of manioc cultivation will vary according
to such factors as market conditions and
variety planled, in most cases cropping
the tuber is more profilable than rice
cultivation.

Manioc enjoys several other advan-
tages over rice as a cash and subsistence
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crop in the uplands (zerra firme) of Ama-
zonia. Since the roots can be harvested
from 6 months to 3 years after planting,
farmers do not compete with each other
for labor or machinery at harvest lime,
as in the case of rice. Rather, manioc
cultivation fosters mutual assistance, be-
cause neighboring families often help
each other to process the crop. The roots
can stay in the ground until roads are
passable, and the flour can be stored for
months with little deterioration. Finally,
the tubers are a far more productive and
reliable source of carbohydrates, provid-
ing three limes more calories per hectare
than rice.

What crops are planted is delermined
largely by bank policy. Farmers can
oblain bank loans, uarranged through
EMATER, (o plant rice, but not for
manioc or other root crops. Most of the
colonists are poor, so they depend heavi-
ly on loan installments to purchase
equipment and Lo hire workers.

The credit system opcrating along the
highway has worked against the interest
of settlers in other ways. The processing
of loans takes considerable time and
farmers must make several financially
onerous trips to town to expedile paper
work and to pick up installments (/1).
Sometimes a loan paymenl is released
afier the dry scason has begun and when
newly planted crops will wither. Further-
more, Lhe state-owned Bank of Brazil
provides more generous loans for farm-
ers willing to grow crops in fields clcared
from mature forest since vields are usu-
ally higher than in garden plots opened in
second growth, Consequently, the bank
policy encourages a wasteful destruction
of forest; settlers often clear far more
space than they can use.

As a long-term solution to the cash
crop problem, EMATER and INCRA
have encouraged the planting of peren-
nial crops. A perennial vegelative cover
is far preferable to annual cropping for
mos! of the rerra firme of Amazonia (/2}.
Pepper (Piper nigrum), bananas (Musa
spp.). cacao (Theobroma cacao), and
cattle pasture have been especially pro-
moted along the Transamazon. Although
these crops provide betler soil cover
than annuals, in most siluations they still
require fertilization to maintain produc-
tivity over the long term. Costs of main-
taining yields of the perennial crops are
likely to increase because of a buildup of
pests and plant diseases.

The Transamazon was envisaged as a
fresh beginning for tropical crops. For

- the most part, the highway.slices through

wilderness containing few species-spe-
cific crop pests and diseases. But it did
nol take long for fungi and agricultural
insect pests Lo disperse along the corni-
dor of disturbance created by the high-
way. By 1975, for example, a disease
caused by the fungus Fusarium solanum
piperi, resistant to chemical control, was
severely damaging pepper plantations
along the Transamazon (/3). The fungus
probably penetrated the colonization
zone with infected cutlings or stakes.
The useful life of a pepper plantation has
been reduced from an expected 15 years
to an average of 7 ycars, and now the
crop is marginally profitable.

Banana growers have also felt the de-
structive impacl of introduced plant dis-
eases. Initially, bananas were produced
in abundance along the highway. and
much of the crop during the first few
vears of settlement rolled on the ground
because the Jocal markets were too small
10 absorb the outpul. After 1974, the
prospects for banana growers along the
Transamazon improved markedly when
the Belém-Brasilia highway was paved.
Truckers were able to buy bananas from
Transamazon colonists and trausport the
fruits to markels in Belo Horizonle, Rio
de Janeiro, and Sio Paulo before Lhey
spoiled. As marketing opportunilies im-
proved for banana growers along the
highway, disease struck. Several fungi,
especially species of Fusariim, now sc-
verely attack banana groves, often be-
fore a lucrative harvest can be cut.

Although most of the agricultural pests
and diseases have seemingly spread
along the Transamazon Highway in the
wake of settlement. some crop damage
undoubtedly occurs from insects that
were already present in the forest before
the highway was buill and from insects
and other polentially damaging orga-
nisms thaty Aourish in light gaps created

SCIENCE, VOL., 214



by tree falls. Some crops are at risk
because their wild relatives in the forest
act as reservoirs of disease; for example,
cupuagu (Theobroma grandiflorum) and
cacau bravo (Theobroma speciosum) are
hosts of witches’-broom (Crinipella per-
niciosa), a debilitating fungal disease of
cacao.

As of 1979 some 6000 ha of cacao have
been planted along the Transamazon,
and plans call for increasing the area
under the crop to 40,000 ha by 1985 (14).
The Amazon region is slated to play a
key role in propelling Brazil into the
leading position as a supplier of choco-
late beans on the world market. But
witches’-broom and black pod (Phytoph-
thora palmivora) are poised to disperse
rapidly through cacao groves along the
Transamazon and other areas of the Am-
azon Basin.

Public Health Problems

Diseases in humans have also played
an important role in depressing agricul-
tural yields. As in the case of crop dis-
eases, the forest serves as a pool for
some pathogens potentially transmissi-
ble to.settlers. The forest shelters para-
sites and vectors, and human modifica-
tion of the landscape favors disease
transmission. However, the most impor-
tant public health problems have been
introduced by colonists.

The popular image of the rain forest
teeming with tropical diseases that ener-

Table 1. Patients from the Transamazon High-
way region admitted to the public hospitals of
Altamira and Maraba in 1973. The sample did

not include matemity cases or patients from™

Altamira and Marabd. The highway popula-
tion served by the hospitals during 1973 is
estimated at 31,300 (76).

Cases
Disease or
injury Num-  Per- Deaths
ber cent

Malaria 1285 53 26
Gastrointestinal 218 9 32
Injury 200 8 8
Respiratory 199 8 13
Miscellaneous 135 6 6
Helminthiasis 87 4
Genital 57 2
Liver 55 2 6
Hemorrhagic

syndrome 52 2 2
Malnutrition 31 1
Measles 29 1 1
Hernia 27 1
Snakebite 21 1
Kidney 19 1 1
Cardiovascular 17 1 3
Scorpion sting 6

Total 2438 100 98
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vate settlers has not proved to be the
case along the Transamazon. Few of the
zoonoses in the forest have actually in-
fected settlers. As of 1977, for example,
only two cases of yellow fever had been
confirmed along the Transamazon, one
of them fatal (/5). Even though yellow
fever is endemic in certain monkey spe-
cies in the Amazon region, less than half
of the settlers along the Transamazon
have been vaccinated against the virus.
One reason that the disease rarely infects
colonists is that the forest is cleared
during the dry season when populations
of the canopy vectors are probably at
their lowest.

The most serious public health prob-
lems along the Transamazon are caused
by the importation of pathogens by peo-
ple. For example, in any given year,
from 5 to 25 percent of the highway
population contracts malaria, which can
debilitate a person for a month or more.
In a 100 percent sample of patients from
the Transamazon region admitted to the
Marabd and Altamira hospitals in 1973,
malaria accounted for 53 percent of the
admissions, exclusive of maternity pa-
tients (Table 1). In 1978, the disease still
accounted for 44 percent of admissions
from the Transamazon region (Table 2)
e, 17).

Although much remains to be learned
about the epidemiology of malaria in the
Amazon Basin, it is clear that incoming
settlers and migrant workers, especially
from the northeastern state of Mara-
nhdo, are responsible for bringing the
etiological agents Plasmodium falci-
parum, P. vivax, and P. malariae to the
Transamazon region. No nonhuman res-
ervoirs have been found in the wild for
these parasites; however, alterations of
drainage conditions have favored the
buildup of potential vector populations
that already existed in the forest prior to
settlement.

The identity of the vector, or vectors,
of malaria along the Transamazon has
not been established with certainty, but
Anopheles darlingi is the most common
vector for the disease in most of the
Brazilian Amazon and is implicated as a
major vector along the Transamazon.
The mosquito prefers partially shaded,
neutral, unpolluted, and relatively still
water for breeding (/8), conditions rarely
found in the rain forest where streams
are generally strongly acid and heavily
shaded. However, water culverts under
the Transamazon were often installed
above the gradients of streams crossed
by the road; consequently, hundreds of
water courses have backed up forming
small lakes which vary in surface area
from 0.5 to 10 ha (Fig. 3). The artificially

created ponds allow sunlight to penetrate
the water, while soil erosion from
cleared banks introduces nutrients and
reduces the acidity of the water, thereby
creating more favorable breeding condi-
tions for anopheline mosquitoes. Since
settlers often build their homes close to
the ponds they are easily exposed to
malaria vectors.

Although Transamazon settlers may
be infected with malaria all year round,
two main peaks of transmission coincide
with critical phases of the agricultural
calendar. The major peak usually occurs
at the beginning of the rainy season in
December or January when farmers are

“putting in their crops. The impact of

malaria at that time can be devastating; if
an entire family is sick with the disease,
crops cannot be planted. When planting
is postponed for more than a month,
yields are considerably reduced.

The second peak of malaria transmis-
sion occurs during the rice harvesting
season, and when new fields are being
cleared. A delay in reaping the cereal
adversely affects yields because of pre-
dation. If a family is confined to the
home because of malaria, the next year’s
garden plot cannot be cleared; when the
task of cutting forest or second growth is
postponed too long the slash does not
have sufficient time to dry for a thorough
burn. The effective planting area is thus

Table 2. Patients from the Transamazon ad-
mitted to the public hospitals of Altamira and
Maraba in 1978. The sample did not include
maternity cases or patients from Altamira and
Marab4. The highway population served by
the hospitals during 1978 is estimated at
53,300 (16).

Cases
Disease or N b
inju um- er-

i ber cent Deaths
Malaria 664 44 11
Injury 165 11 5
Respiratory 143 9 12
Gastrointestinal 132 9 19
Miscellaneous 120 8 4
Genital 52 3
Cardiovascular 29 2 4
Infectious

hepatitis 28 2
Anemia 27 2 1
Poisoning 19 1
Hemorrhagic

syndrome 17 1 1
Scorpion sting 15 1
Snakebite 15 1 1
Toxic hepatitis 14 1
Malnutrition 12 1 1
Appendicitis 11 1 1
Kidney 11 1 2
Nervous

disorders 10 1
Helminthiasis 10 1 1

Total 1494 100 65
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reduced, a problem also noted in parts of
Paraguay (19).

Malaria is likely to persist as a major
public health problem along the Trans-
amazon. Control efforts have had little
success. The inside walls of buildings
along the highway are sprayed with DDT
every 6 months under the assumption
that malaria vectors alight on walls after
taking a blood meal. Whereas in several
tropical countries malaria vectors have
acquired a physiological resistance to
insecticides (20), in Amazonia, vector
behavior has changed in response to
DDT applications. Along the recently
opened Manaus—-Boa Vista Highway, for
example, A. darlingi avoids DDT-coated
walls and digests blood meals outside of
homes on nearby vegetation (27). A simi-
lar situation probably prevails along the
Transamazon since malaria continues to
menace public health even after a decade
of DDT spraying.

Other major public health problems
along the highway, such as gastroenteri-
tis and helminthiasis, are related to poor
standards of hygiene. Contaminated
drinking water is a primary source of
gastrointestinal disease among all age
groups along the Transamazon. Less
than 10 percent of the highway popula-
tion has access to piped water; most
people obtain their drinking water from
streams, ponds, and poorly covered
wells. Less than 5 percent of the Trans-
amazon settlers use latrines on a regular
basis; most of the colonists take care of
physiological necessities in a nearby
patch of vegetation. Although less than 1
percent of the highway settlers require
hospital treatment for intestinal prob-
lems in any given year, the entire popula-
tion probably suffers from some form of
gastroenteritis during a 12-month period.
Diarrheal diseases, as in other regions
where hygiene standards are low, are a
leading cause of infant mortality (22).
Gastroenteritis was responsible for 48
and 51 percent of the hospital deaths of
children under 5 years old in 1973 and
1978, respectively.

Lessons

It is not enough to open up frontier
areas with highways, divide the land into
parcels, provide credit, and expect large-
ly illiterate farmers with few capital re-
sources to flourish. This approach has
led to disappointing results in other trop-
ical regions, such as Indonesia’s outer
islands (23). Along the Transamazon,
many settlers soon fell victim to a biased
and inefficient credit system, a poor se-
lection of crops, infertile soils, and isola-
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tion from large markets (24). Planners
need to pay closer attention to ecological
factors, such as the suitability of soils
and proposed cultivars. State coloniza-
tion projects in Malaysia have generally
been more successful than those in Ama-
zonia, partly because the soils of settle-
ment zones are more fertile and because
there has been an emphasis on tree crops
that protect the soil surface and discour-
age weeds (25).

The failure of the Transamazon
scheme is also due to an inadequate
screening procedure. Some colonists ar-
rived with land speculation in mind and
little or no prior experience with agricul-
ture. The colonization scheme not only
failed to absorb a significant portion of
the landless in the Northeast, it did not
provide a secure environment for the few
thousand families it did accept. Close to
half of the Transamazon lots have been
sold at least once.

It is an unwise policy to regard Ama-
zonia as a convenient depository for the
landless from other regions. In most in-
stances the incoming settlers contribute
little to the development of the Amazon
Basin (26). On the contrary, massive
forest destruction, degradation of soils,
and the loss of genetic stocks for future
agricultural experimentation and drug
plants ensue (27). The forces responsible
for driving the itinerant folk need to be
dealt with in order to slow the fiow of
migrants to manageable proportions. In
the Northeast, for example, the govern-
ment-subsidized strategy of industrial-
ization and irrigation has created few
jobs while displacing more farmers than
have been settled (28). More effective
attempts at land reform, easier access to
birth control methods, and increased at-
tention to rural development engaging
small-scale farmers would alleviate some
of the demographic pressure in the re-
gion. In southern Brazil, diminishing plot
sizes, steeply rising land prices, and se-
vere frosts in recent years are forcing
many families to migrate north, particu-
larly into Rondénia (29).

Political expediency and the buffer of
an immense, sparsely settled region will
inevitably result in a continued stream of
settlers into Amazonia. In order to better
accommodate the influx of land seekers,
future colonization schemes could be
located along the floodplains of silty riv-
ers such as the Amazon, Madeira, and
Purus. In this manner, colonists could
take advantage of fertile alluvial soils
which are annually rejuvenated, abun-
dant fish supplies, and cheap water
transportation. Most major towns and
cities in Amazonia are located along riv-
ers, so large markets would be more

accessible to floodplain farmers. While
the alluvial soils are flooded during the 4-
to 7-month high-water seasons, colonists
could attend to perennial crops, such as
cacao and rubber, on nearby uplands.
Unrestricted settlement of floodplains
could nevertheless trigger serious eco-
logical effects. Many of the fishes impor-
tant in subsistence and commerce de-
pend heavily on floodplain forests for
shelter and food; large-scale disruption
of their habitat would considerably re-
duce their numbers, thus restricting sup-
plies of a major source of dietary protein
in the basin (30).

The Brazilian government has spent
close to $500 million on the Transama-
zon project. Few Third World countries,
Brazil now included, can afford to invest
such sums in schemes that produce limit-
ed social and economic benefits. The
Transamazon Highway was conceived
when the cost of petroleum was only $2 a
barrel on the world market; Brazil cur-
rently pays close to $36 a barrel for the
product. In 1980, Brazil spent $11 bil-
lion, half of her export earnings, to im-
port petroleum. Considering Brazil's
mounting external debt, now approach-
ing $60 billion, it would be wise to con-
centrate scarce public funds on consoli-
dating the gains of earlier colonization
efforts in the Amazon region, and to
focus any new settlement propects on
floodplains where settlers can benefit
from the world’s largest network of riv-
ers.

The Transamazon project fits a pattern
of the repeated failure of government-
directed settlement schemes in South
America (31). Blueprints are usually
drawn up with little or no understanding
of the ecological and cultural conditions
of settlement areas. Bureaucratic con-
trols often hamper the development of
colonization zones. Spontaneous mi-
grants, already highly motivated, should
be given land titles relatively quickly and
access to an efficient credit system. It is
unrealistic, though, to expect pioneer
zones to foster the blossoming of egali-
tarian communities. The great diversity
of soil types and the different cultural
values of settlers will usually lead to
social stratification.

References and Notes

1. N. Y. Smith, Rainforest Corridors: The Trans-
amazon Colonization Scheme (Univ. of Califor-
nia Press, Berkeley, in press); R. J. Goodland
and H. S. Irwin, Amazon Jungle: Green Hell to
Red Desert? (Elsevier, Amsterdam, 1975).

2. E. F. Moran, Developing the Amazon (Indiana
Univ. Press, Bloomington, 1981).

3. B.J. Meggers, Amazonia: Man and Culture in a
Counterfeit Paradise (Aldine/Atherton, Chica-
go, 1971); H. O’R. Sternberg, The Amazon
River of Brazil (Erdkundliches Wissen, Wiesba-
den, 1975), vol. 40; N. J. Smith, Ann. Assoc.
Am. Geogr. 70, 553 (1980).

4. 1. Falesi, Bol. Téc. Inst. Pesqui. Exp. Agropeci.

SCIENCE, VOL. 214



(=23}

12

13.

Norte 55, 1 (1972); in Man in the Amazon, C.
Wagley, Ed. (Univ. of Florida Press, Gaines-
ville, 1974), p. 201.

. N. J. Smith, thesis, University of California,

Berkeley (1976), p. 111.

. R. Lal, Soils Bull, (Food and Agricultural Orga-

nization) 24, 48 (1974).

. J. E. Spencer, Shifting Cultivation in Southeast-

ern Asia (Univ. of California Press, Berkeley,

1966).
. See L. Falesi (4) and N. J. Smith (5).
. N.J. Smith, Agro-Ecosystems 4, 415 (1978).
. Reported yields for manioc in other tropical

areas generally range between 5 and 14 tons per
hectare [E. S. Normanha and A. S. Pereira,
Bragantia 10, 179 (1950); W. C. Jones, Manioc
in Africa (Stanford Univ. Press, Stanford, Cal-
if., 1959); C. H. Hendershott et al., Feasibility
of Manioc Production in Northeast Brazil
(Univ. of Georgia, AID/LA 681, Athens, 1971].
In most tropical regions, manioc is often planted
last in the cropping sequence, when soil nutrient
reserves would normally be low. In Amazonia,
yields are usually higher because pest and dis-
ease attack is lighter [M. Albuquerque, A Man-
dioca na Amazonia (Superintendéncia de De-
senvolvimento da Amazdnia, Belém, 1969)].

. E. F. Moran, Agricultural Development in the

Transamazon Highway (Latin American Studies
Working Papers, Indiana University, Blooming-
ton, 1976).

R. Goodland, H. S. Irwin, G. Tillman, Ciéncia e
Cultura 30, 275 (1978); R. Goodland, Environ.
Consery. 7, 9 (1980).

P. M. Feamnside, Turrialba 30, 35 (1980).

SCIENCE, VOL. 214, 13 NOVEMBER 1981

14.
15.

16.
17.

18.

19.

F. M. Alvares-Afonso, Bol. Téc. Com. Exec.
Plano Lavoura Cacaueira 66, 3 (1979).
Anonymous, Arthropod-Borne Virus Inf. Ex-
change 33, 27 (1977).

See N. J. Smith, unpublished data.

The decrease in the number of patients entering
the public hospitals from the Transamazon is not
due to improved health conditions among high-
way settlers. Whereas the Transamazon popula-
tion grew modestly during the 1973-1978 period,
that of the towns of Marab4 and Altamira spurt-
ed. In 1973, approximately 20,000 people lived
in Marab4; by 1978, that number had reached
40,000. The population of Altamira also doubled
during the same period, from 15,000 inhabitants
in 1973 to an estimated 30,000 by 1978. The
public hospitals of Altamira and Marab4, operat-
ed by SESP (Servigo Especial de Satide Pabli-
ca), contained 95 beds in 1973. Five years later,
only 125 beds were available in the two hospitals
in spite of the increased demand for patient care.
G. Giglioli, Agric. J. Br. Guiana 9, 197 (1938);
L. M. Deane, O. R. Causey, M. P. Deane, Am.
J. Hyg. Monogr. Ser. 18, 1 (1946); L. M. Deane,
0. R. Causey, M. P. Deane, Rev. Servico
Espec. Saiide Publ. 1, 827 (1948); L. M. Deane,
J.F.Ledo, E. S. Freire, V. A. Sutter, J. Cotrim,
G. C. Andrade, Anais do Setimo Congresso
Brasileiro de Higiene Sdo Paulo 1, 455 (1949);
A. Vargas and A. C. 84, ibid., p. 385; M. Pinotti,
Trans. R. Soc. Trop. Med. Hyg. 44, 663 (1951);
F. M. Bustamante, Rev. Bras. Malariol. Doen-
¢as Trop. 9, 181 (1957).

G. N. Conly, Pan Am. Health Organ. Sci. Publ.
297, 1 (1975).

20

21.

22.

23.

24,

25.
26.

27,

28.

29.

30.

31.

. J. W, Wright, R. F. Fritz, J. Haworth, Annu.
Rev. Entomol. 117,75 (1972).

J. Hayes and D. C. Charlwood, Acta Amazonica
7, 289 (1977); J. D. Charlwood and N. D.
Paraluppi, ibid. 8, 605 (1978).

W. Ascoli, M. A. Guzman, N. S. Scrimshaw, J.
E. Gordon, Arch. Environ. Health 15, 439
(1967).

J. M. Hardjono, Transmigration in Indonesia
(Oxford Univ. Press, Kuala Lumpur, 1977); W.
L. Collier, Prisma 18, 32 (1980).

C. H. Wood and M. Schmink, in Changing
Agricultural Systems in Latin America, E. F.
Moran, Ed. [special issue of the Journal of Third
World Studies (1978)), pp. 77-93.

R. Wikkramatileke, Ann. Assoc. Am. Geogr. 55,
377 (1965); Geogr. Rev. 62, 479 (1972).

R. F. Skillings and N. O. Tcheyan, Economic
Development Prospects of the Amazon Region
of Brazil (Center of Brazilian Studies, Johns
Hopkins University, Washington, D.C., 1979).
A discussion of the importance of preserving
large areas of tropical rain forests as a genetic
resource can be found in N. Myers, The Sinking
Ark (Pergamon, Oxford, 1979).

A. L. Hall, Drought and Irrigation in North-
East Brazil (Cambridge Univ. Press, Cam-
bridge, 1978).

R. Wesche, Rev. Bras. Geogr. 40, 233 (1978).
M. Goulding, The Fishes and the Forest (Univ.
of California Press, Berkeley, 1980); N. J.
Smith, Man, Fishes, and the Amazon (Columbia
Univ. Press, New York, 1981).

M. Nelson, The Development of Tropical Lands
(Johns Hopkins Press, Baltimore, 1973).

761



Transamazon Highway:
Impact on Indians

While reading Nigel I. H. Smith’s aru-
cle ““Colonization lessons from a tropical
forest’ (13 Nov., p. 755), ] was troubled
to note that the discussion of the social,
economic, and ecological impact of the
Transamazon Highway project does not
include mention of the cultural and phys-
ical destruction of the Amazonian Indi-
ans.

At the inception of the Transamazon
project, the recognition of the danger to
the indigenous population prompited the
Brazilian povernment lo establish the
National Indian Foundation (FUNAI).
This government bureau was given the
responsibility for the protection of the
Amazonian Indians and is a successor 10
previous, maladreit efforts meant 1o pro-
tect the indigenous population.

Public statements by Brazilian bureau-
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crats notwithstanding, FUNAT has fajled
to prevent, and in some cases has abet-
ted, the scizure of Indian land. Since the
mid-1970’s, prospectors primarily secek-
ing gold have invaded Indian territory:
laws later enacted to stop those seizures
were rescinded in a government decree
of 15 January 1980 that allowed prospec-
tors working for governmenl enterprises
to enter Indian lands, Furthermore, the
introduction of diseases such as malaria,
whooping cough, and hepatitis againsi
which the Indians have no resistance,
has decimated their ranks in the same
manner that the expeditions accompany-
ing Columbus all but eliminaled by dis-
ease the original population of the is-
lands of the Caribbean.

FUNALI has been pressured for years
to create a national park for the protec-
tion of the Indians; ali of FUNAIs pro-
posals, including one which called for
the creation of 21 small, disconnected
Indian reserves, have been soundly re-
jected by those concerned about the sur-
vival of the native popuiation. A propos-
al for one undivided park that was ad-
vanced by the Commitiee for the Cre-
ation of Yanomami Park was rejected by
FUNAI. At the present time, while
FUNALI considers and rejects proposals,
the destruction of the native population
continues,

One can only hope that in the fulure
the Brazilian government will show as
much concern for the survival of its
native population as it does for techno-
cratically defined economic develop-
ment. ’

Danier C. P. GROSSMAN
Council on Hemispheric Affairs,
1900 L. Street, NW,
Washington, D.C. 20036



tion that the customary safcguards will
continue Lo operate as the video screen
starts 1o replace the printed page: com-
mittees of experts will evaluate und edi-
tors will exercise judgment.

To be truly attuned 1o the potential of
microprocessor-based  technology,  an
elecironic journal must be more than
printed pages on a screen. The {ull po-
tential of data-base techniques must be
realized i this expensive. still-clumsy
syvslem is 10 be recognized as an im-
provement over the print medium that
has served us so splendidly for more
than 500 years and is far from being
superseded.

Jostrn RaniN

Computers and the fhonaniies,
Queeny College,
Ciry University of New York,
Fhushing 11367

Lavrex H Senn
Deparament of Sociology,
Oueeny Collepe

Relerences

1. L. H. Sciler and 1. Raben, Sooicny 18, 76 (Sep-
tember/QOctober 1951).

Editors wre righttully concerned aboult
the quality of manuscripts published in
¢lectronic journals without appropriate
peer review and evaluation, Their fear
that the speed of publication muy cntice
scientists away from traditional journals
is also not unfounded. Whether tradi-
tional editors are happy or not. the clee-
tronic journal, in one form or anolher,
will becomce a realitv. Given this simiple
fact. it behaoves those concerned ahout
the future quality of scieniific and techni-
cal publicalions o estabhish a suilable
pecr review process for these journals.

The technology itsell’ contains  the
seeds of a potentially powerlul “quality

filter for informaton™ (/) in the form of

clectronic “letters to the editor.™ M.
while the manuscript is on-ling, cvery
reader could immuediately enter nis or her
comments, then, upon editorial approv-
al. those comments could be seen bv
every subsequent viewer ol the manu-
seript. What belter quahity filter than the
combined ¢and cdited) comments of ihe
readers? 1t can also be foreseen that
hardcopy compendia of the best on-line
manuscripts would be published.

While it s true thal scientists may opl
tor quick publication 10 ¢stablish priorvity
[or what they may deem 1o be original
ideas, results. and so forth. the same
sctentists will not want 1o read every-
thing but will continue 1o Givor mant-
scripts published in high-gquahity jour-
nals. electronic or otherwise, To meet

484

the competition of speed ol publication.
traditiona] journals may opt 1o publish.
in clecuronic form. cditor-approved. but
otherwise unseferced articles. ingluding
tubular data. After publication ol a refler-
ced articte. the corresponding unrefer-
eed publication may be removed. but the
tabular data could, nonctheless. remain
in electronic form.

Asis oflen the case when new technol-
opy has an impact on traditional activi-
ties, perecived problens can e resolved
by other applications of the same tech-
nology.

CHARLES M, GOLDSTLIN
Lixter I Nutional Center for
Biomedical Communications,
National Library of Medicine,
Bethexda, Marviand 20209
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Healtl: Problems of Colonists

I would like (o comment on some of

the observations on the public health
problems among colonist  populations
along the Transamazon Highway pre-
sented by N, J. H. Smith in Caoloniza-
tion lessons from a tropical forest™ (13
Nav, p. 7585). In reference 1o the coloni-
alion program. Smith states. . . . hu-
miin modification of the landscape favars
diseuse trunsmission.” In [act. the defor-
ested arens served ay protective barriers
to the colenists from veclors of many
tropical diseases. for example, leishmu-
niasis (7). Smith also writes that, ™
the miost important public health prob-
lems have been introduced by colonests™
and that " Few of the zooneses in the
forest have actually infected settlers.™
There is no evidence that pathogens in-
troduced by the colonists hecame a sig-
nificant public hecalth problem. while
scrological surveyvs and epalemiological
studies  provided conclusive  evidence
that colonists were subjected Lo a wide
variety of endemic heulth hazirds, in-
cluding  Altamiria  hemorrhagic  fever.
leishmaniasis. Mayaro fever. Mucambo
virus. Guaroa virus, and Oropouche Je-
ver. with hunters and forest workers at
greatest risk (2).

Since malia was o significant prob-
lem in the Transamazon region belore
the colonization program. Smith™s stale-
ment thal it was imported mio the area
by the colonists is not correct (31, Smith
also states thul Anopheley darlingi was
implicated as a major vector of malaria
along the highway and implies that alter-

ations of drainage systems along the
highway resulted in a proliferation of 4.
dartingi breeding sites. In fact. actual
field data from 2 years of entomelogical
surveillance in the arcas discussed by
Smith revealed A. darfingi populations at
only two isolated siles (one near the
Aratd river and one at Gleba /5. near
the Xingl river) ¢f, 4). AL all other sitex
sampled along approximately 800 kilo-
meters of highway road-front. represent-
ing predominantly upland forest ceology,
there was no cvidence of A, darfingr (1),
Furthermaore. the age-sex distribution of
malaria casces within the colonist popula-
tion was compatible with exophilic trans-
mjssion. that is. malaria generally was
transmitted out-of=doors by sccondary
vector species (),

Smith speculates thay the DT spray
applied to colonists” houses was ineflec-
tive as a malarta control measure along
the Transumazon Highway and cites as
support two published works. neither of
which includes data on the impact of
DDT on the indoor biting activity of the
malaria vectors, Evidence that colonists
became infeeted with malaria does not
demonstrate that the DDT sprav pro-
eram was ineftective. In this respect. one
should consider what the mularia prob-
lem might have been had there been no
malaria control eflort. Ironicallyv. afler
Smith criticizes the Transamazon coloni-
zavon program. he proposes Lhat future
colonization take place along the river
systems, Since the principal vector (A,
darfingi) 15 a riverine species. such a
colonization scheme might well take
place under high-risk circumstances for
malaria transmission,

DoxNaLDd R. RoBrrTs
Departiment of Entomelogy.
Walter Reed Army Institivee of
Research, Washingion, D.C. 20012
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Correction

In the briefing “OSHA ' pew thoughts on
cancer policy™ (News and Comment. 2 luly.
p. 350 Philip Lapdrigan wis incorrectly iden-
tified. Landrigan is directar of the Division of
Surveillance. Hazurd Evaluations. and Field
Studies at the Nutional Institote Tor Oceupi-
tional Safety and Health,
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