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Kingston, Jamaica (1981)l. 

33. Traps are as described by J .  W. Porter and K. G. 
Porter [Limnol. Oceanogr. 22, 553 (1977)l ex- 
ceDt that 110-um mesh dankton nettine was 
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identified as Bryopsis hynoides, which closely 
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36. K. W. Rylaarsdam, thesis, Johns Hopkins Uni- 
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0. A. Jones and R. Endean, Eds. (Academic 
Press, New York, 1973), vol. 2, pp. 247-270. 

39. J. Cairns, The Recovery Process in Damaged 
Ecosystems (Ann Arbor Science, Ann Arbor, 
Mich., 1980), p. 167. 

40. J .  P. Sutherland, Am. Nut.  108, 859 (1974). 

41. Data were collected on two swims along the 
depth contours at Dancing Lady and Zingaro 
Reefs (Fig. 1, location C). All heads counted 
were known to be standing before the storm. 

42. The 12 photostations on Monitor Reef (Fig. 1, 
location C) have 32 replicate 0.25-m2 quadrats 
per station. The last census before Hurricane 
Allen was in 1978. Perimeters of all living corals 
in each photograph were traced for area calcula- 
tion. Because of extensive branch overlap of A.  
palmata, actual loss at a depth of 4 m was 
greater than calculated. 

43. Seven 1-m2 quadrats (one at a depth of 10 m, 
four at 15 m, and two at 20 m) were photo- 
graphed in late May (T. P. Hughes) and 15 
August 1980. 

44. Data from before the hurricane are based on 
surveys of 30 m2 in 1977 in Discovery Bay [L. S .  
Kaufman, thesis, Johns Hopkins University, 
Baltimore (1979)l or 28 m2 in July 1980 at Rio 
Bueno. Data were obtained 1 week (Rio Bueno), 
2 weeks (West Fore Reef), and 2 months (East 
Fore ReeQ after the hurricane over comparable 
areas. 

45. Data are on three 1-m2 quadrats involving 78 
small, 24 medium, and 57 large colonies; per- 
centages for > 20 percent damage were calculat- 
ed from the subset of colonies showing tissue 
loss without skeletal loss due to fracture. 

46. Data are based on photostation surveys cover- 
ing 12 m2, as in (43) on Pinnacle One Reef. 

47. For example, Aplysina sp.,  Iotrochota birotu- 
lata, and Haliclona rubens. Figures are based 
on a survey of a 71-m2 area containing 69 
attached, ropey sponges; 21 fragments of ropey 

Colonization Lessons from a 
Tropical Forest 

Nigel J. H. Smith 

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 
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backlands 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 

sponges that had been ripped off of their bases 
were also found in the plot. 

48. For example, Neojbularia nolitangere, Ectyo- 
plasia ferox, Erylus formosus, Ircinia strobilina 
and spp., Pseudoceratina crassa, Geodia nep- 
tuni, Ulosa hispida, Anthosigmella varians, and 
Agelas dispar. Semicryptic sponges among 
these (for example, Mycale laevis) were dam- 
aged as a consequence of the movement of their 
substrata. Figures are based on a plot survey 
described in (47); the plots contained 293 non- 
ropey sponges. 
We thank H. G. Davis, L.  Green, G. Harvey, 
M. ,D.  Hendry, I .  0. Henry, L.  S. Land, S. 
Ma~ler,  W. Maluk, J .  M. Pair, C. J. Robinson, 
R. Warnock, and J. Wilson for technical and 
field assistance. T. P. Huehes and S. Ohlhorst 
for unpublished field data: and S. Palumbi and 
two reviewers for comments. This work was 
supported by a Sigma Xi grant and University of 
Texas at Austin Subvention Fund award to 
E.A.C.; NSF grant OCE 78-19674 to J.B.C.J. 
and J. E.  Winston; NSF grant BNS-7904747 to 
N.K.; University of California Berkeley Re- 
gents Junior Faculty Fellowship to M.A.R.K.; 
NSF grants OCE 77-26781, OCE 80-05940, and 
DEB 79-23519 to J.W.P.; Inter-University 
Council, London, studentship to M.C.R.; Insti- 
tute of Ocean Sciences, Sidney, British Colum- 
bia, Canada, to V.J.T.; NSF grant OCE 79-12674 
to C.M.W. and J.B.C.J.; and American Museum 
of Natural History. Lerner Fund for Marine 
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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 
Coloniza@o e Reforma Agraria), 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 
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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- 
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east was highlighted in 1980 when 
drought once again struck the region. 
This time, the lives of 9 million people 
were disrupted, resulting in food riots in 
several towns of Paraiba (1). 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 most 
commercially important woods, such as 
mahogany (Swierenia macrophylla) and 
cedar (Cedrela odorata), have been 
mostly cleared within a 15-km zone on 
either side of the highway. The high cost 
of transport fuel, and the enormous dis- 
tances between sawmills, preclude the 
large-scale exploitation of other, less 
valuable tree species. 

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

one company, Minerac$o Taboca, ex- 
tracts minerals along the Transamazon. 
The company has built a side road lead- 
ing south from the Humaita-Prainha 
stretch of the Transamazon to take out 
tin ore. The 1978 production from the 
mines totaled 1900 metric tons, repre- 
senting a quarter of Amazonia's reported 
tin ore production for that year. The ore 
is trucked to Sfio Paulo in the industrial 
heartland of Brazil. Mining activity thus 
occurs only along a short stretch of the 
Transamazon. 

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 for developing the Amazon with 
family-sized units. In 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-ha lots, are now being 
cleared. They total 2.7 million hectares, 
three and a half times the area zoned for 
small farms. In order to better assess the 
viability of the smallholder in the agricul- 
tural development of Amazonia, the ma- 
jor ecological, cultural, and institutional 
factors that have retarded the progress of 
settlement along the Transamazon need 
to be highlighted. 

The Ecological Setting 

It is no accident that, historically, peo- 
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 contrast, 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 

Fig. 1. The Brazilian Amazon highway network. 
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to provide access to the better soils of 
the region. 

The highway transect 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 one 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 soils in the vicinity of the 
highway can be classified as naturally 
fertile; they are dominated by terra roxa, 
red clays derived from weathered basalt 
(4). 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 
released when the vegetation is burned 
in field preparation. 

The thin layer of ash left on the ground 
after the annual burning is vulnerable to 
erosion and rapid leaching. Storms can 
be intense. In the Marabti area of the 
Transamazon, for example, 16 centime- 
ters of rain fell within a few hours in 
February 1974. The onset of heavy rains 
coincides with the planting season when 
garden plots are bare and the soil surface 
is exposed. Up to 100 tons of topsoil per 
hectare can be lost within a year on 15" 
slopes planted to annual crops (5). The 
severe loss of topsoil recorded from 
some fields along the Transamazon is not 
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 attained 120 tons per hectare 
annually (6). 

The idea has been advanced that soil 
erosion in the tropics is not always detri- 
mental to agricultural productivity. By 
stripping the highly leached mantle, it is 
argued, plant roots can penetrate closer 
to the weathering zone in the subsoil 
where nutrients are being liberated (7). 
But in the case of the Transamazon and 
other parts of the Amazon Basin, soil 
erosion clearly drains the nutrient re- 
serves of the soils since most of the 
fertility is concentrated in the top 5 cm 
of soil (8). 

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

from sharply to moderately undulating. 
Extremes of relief from trough to hill- 
crest attain 40 meters within 0.5 km in 
some areas. Relatively flat plateaus and 
terraces, generally rimmed by a protec- 
tive edge of plinthite, are occasionally 
encountered along the Transamazon, 
particularly along the Estreito-Araguaia 
stretch of the highway, but most of the 
highway transect is a seemingly endless 
sea of hills. During the rainy season, 
some sections 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 
cannot be removed and sent to driers. 

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

Agricultural Yields 

A major factor in the slowdown of the 
colonization rate has been the disap 
pointing agricultural yields. Poor soils 
and erosion have already been men- 
tioned as two important constraints to 

agricultural productivity. But a host of 
other ecological and sociological factors 
have led to low crop yields. 

A poor selection of crops by planners 
is partly responsible for the generally 
depressed crop performance along the 
Transamazon. INCRA envisaged upland 
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. 
Most Transamazon farmers cannot af- 
ford to buy insecticides, fungicides, or 
herbicides. 

Rice yields along the Transamazon 
average only 1593 + 679 kilograms per 
hectare (mean + standard deviation, 
N = 97). A typical farmer plants 8 ha of 
the cereal every year, 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 that rice vields are so low 
is that inappropriate varieties have been 
promoted by INCRA and EMATER 
(Empresa de Assistencia Tkcnica e Ex- 
tensb Rural), the agricultural extension 
service. The most commonly planted va- 
riety, IAC 101, was developed in Campi- 
nas in southern Brazil, barely within the 
tropics. The IAC 101 strain is unsuited to 
the climatic conditions of the Amazon 
Basin because the long stems lodge dur- 
ing storms at harvest time. A flattened 
crop takes longer to harvest, rots in 
contact with the humid earth, and is 



As a long-term solution to the cash 
crop problem, EMATER and INCRA 

Fig. 3. A stream that was dammed by the Transamazon Highway. 

eaten by rats and ground doves (Colum- 
bina talpacotz?. For the 1973 planting 
season, INCRA distributed barbalha, a 
rice variety from the northeastern state 
of Pernambuco. Barbalha yields were 
well below expectations, averaging only 
445 kgha (9). In an effort to introduce 
more advanced agricultural techniques, 
planners overlooked local varieties of 
rice traditionally used by peasants. 

Manioc (Manihot esculenta), a basic 
staple of the Amazon region, was rele- 
gated to a minor role in the agricultural 
strategy of the colonization project. The 
root crop was perceived as a primitive 
cultivar with little economic potential. 
Nevertheless, manioc has several crucial 
advantages over rice as a catalyst for 
agricultural development, especially dur- 
ing the start-up phase of a settlement 
scheme in Amazonia. 

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

Manioc enjoys several other advan- 
tages over rice as a cash and subsistence 
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crop in the uplands (terraJirme) 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 time, 
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 times more calories per hectare 
than rice. 

What crops are planted is determined 
largely by bank policy. Farmers can 
obtain bank loans, arranged through 
EMATER, to 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 to hire workers. 

The credit system operating 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 expedite paper 
work and to pick up installments (11). 
Sometimes a loan payment is released 
after the dry season has begun and when 
newly planted crops will wither. Further- 
more, the state-owned Bank of Brazil 
provides more generous loans for farm- 
ers willing to grow crops in fields cleared 
from mature forest since yields 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. 

have encouraged the planting of peren- 
nial crops. A perennial vegetative cover 
is far preferable to annual cropping for 
most of the terrafirme of Amazonia (12). 
Pepper (Piper nigrum), bananas (Musa 
spp.), cacao (Theobroma cacao), and 
cattle pasture have been especially pro- 
moted along the Transamazon. Although 
these crops provide better soil cover 
than annuals, in most situations 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 
not take long for fungi and agricultural 
insect pests to disperse along the corri- 
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 (13). The fungus 
probably penetrated the colonization 
zone with infected cuttings or stakes. 
The useful life of a pepper plantation has 
been reduced from an expected 15 years 
to an average of 7 years, and now the 
crop is marginally profitable. 

Banana growers have also felt the de- 
structive impact of introduced plant dis- 
eases. Initially, bananas were produced 
in abundance along the highway, and 
much of the crop during the first few 
years of settlement rotted on the ground 
because the local markets were too small 
to absorb the output. After 1974, the 
prospects for banana growers along the 
Transamazon improved markedly when 
the BelCm-Brasilia highway was paved. 
Truckers were able to buy bananas from 
Transamazon colonists and transport the 
fruits to markets in Belo Horizonte, Rio 
de Janeiro, and Sko Paulo before they 
spoiled. As marketing opportunities im- 
prolred for banana growers along the 
highway, disease struck. Several fungi, 
especially species of Fusarium, now se- 
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 built and from insects 
and other potentially damaging orga- 
nisms that flourish in light gaps created 
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by tree falls. Some crops are at risk 
because their wild relatives in the forest 
act as reservoirs of disease; for example, 
cupuacp (Theobroma grandiJlorum) 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 Marab8 in 1973. The sample did 
not include maternity cases or patients from 
Altamira and Marab8. The highway popula- 
tion served by the hospitals during 1973 is 
estimated at 31,300 (16). 

Cases 
Disease or 

injury Num- Per- 
ber cent Deaths 

Malaria 
Gastrointestinal 
Injury 
Respiratory 
Miscellaneous 
Helminthiasis 
Genital 
Liver 
Hemorrhagic 

syndrome 
Malnutrition 
Measles 
Hernia 
Snakebite 
Kidney 
Cardiovascular 
Scorpion sting 

Total 

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 (15). 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 
Maraba and Altamira hospitals in 1973, 
malaria accounted for 53 percent of the 
admissions, exclusive of maternity pa- 
tients (Table l). In 1978, the disease still 
accounted for 44 percent of admissions 
from the Transamazon region (Table 2) 
(16, 13. 

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- 
nhfio, 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 (18), 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 
Marab8 in 1978. The sample did not include 
maternity cases or patients from Altamira and 
Marab8. The highway population served by 
the hospitals during 1978 is estimated at 
53,300 (16). 

Cases 
Disease or 

injury Num- Per- 
ber cent Deaths 

Malaria 
Injury 
Respiratory 
Gastrointestinal 
Miscellaneous 
Genital 
Cardiovascular 
Infectious 

hepatitis 
Anemia 
Poisoning 
Hemorrhagic 

syndrome 
Scorpion sting 
Snakebite 
Toxic hepatitis 
Malnutrition 
Appendicitis 
Kidney 
Nervous 

disorders 
Helminthiasis 

Total 
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reduced, a problem also noted in parts of 
Paraguay (1 9). 

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 (21). 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- 

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 flow 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 RondBnia (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. 
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Diagnosis of Cardiovascular Disease 
by Digital Subtraction Angiography 

Charles A. Mistretta and Andrew B. Crummy 

For several decades after the discov- ed to the resolution of his rod vision. 
ery of x-rays by Roentgen in 1895, medi- Within weeks of Roentgen's discovery it 
cal radiography was performed with film was recognized that blood and surround- 
used as the image receptor. Film provid- ing tissue provide similar x-ray attenua- 
ed a convenient detector, display, and tion and that studies of the cardiovascu- 

Summary. Recent advances in real-time digital video processing have led to a 
practical method for intravenous arteriography. The digital subtraction technique, 
which detects small differences in the concentration of the iodinated contrast material 
injected, is relatively safe and does not usually require hospitalization of the patient. 
The technique can thus be used for serial evaluation of various clinical problems and 
for studying the natural history of certain disease processes, as well as for following 
therapeutic endeavors. 

archival image storage mechanism when 
it was used with fluorescent screens of 
calcium tungstate to increase x-ray de- 
tection efficiency. Dynamic fluoroscopy 
was performed by directly observing a 
fluorescent screen during continuous x- 
ray exposure. Because of insufficient 
brightness, dark adaption was required 
and the red-goggled radiologist was limit- 
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angiographic contrast material. Iodine 
shows an abrupt increase in its x-ray 
attentuation coefficient at 33 kiloelectron 
volts, and in the energy range commonly 
used in diagnostic x-ray imaging it is 
more effective in casting x-ray shadows 
than lead. Zeides des Plantes (2) report- 
ed in 1934 that image subtraction could 
be used to separate iodine shadows from 
those produced by bone and other nor- 
mal anatomical structures. By exposing 
a third film using light transmitted 
through two carefully registered films, a 
positive film obtained before contrast 
injection and a negative obtained after 
contrast injection, Zeides des Plantes 
obtained an image that showed only vas- 
cular structures, without overlying shad- 
ows from noniodinated anatomy. 

In 1927 Moniz et al. (3) of Portugal 
reported opacification of the intracranial 
vasculature when iodinated contrast ma- 
terial was injected by means of a needle 
placed in a carotid artery that had been 
exposed surgically. In 1929, Dos Santos 
et al. (4) performed aortography with 
contrast solution injected into the aorta 
by way of a translumbar puncture. These 
workers also used one of the earliest 
pressure injectors to facilitate the rapid 
delivery of contrast agent (4). 

In 1937 Castellanos et a l .  (3, and in 
1939 Robb and Steinberg (6),  reported 
their studies of the human heart and 
arterial system after intravenously in- 
jecting a contrast medium. These investi- 
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