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Preface

The Amazon region is the world’s largest river basin and rainforest ecosystem. The
vast area belongs to nine South American nations: Bolivia, Brazil, Colombia, Ecuador,
French Guiana, Guyana, Peru, Suriname, and Venezuela. Amazonia has one of the
largest amounts of surface freshwater and the highest average annual precipitation in
the world [2]. Amazon River is the lifeline for the region, covering almost 40 percent
of the South American continent, making it the largest river in the world in terms of
water volume. Some new studies implicate that the Amazon River is also the world’s
longest river with a length of 6990 km. It is navigable by ocean steamers as far as
Iquitos in Peru. For a long time, the vastness and inaccessibility of the river have
protected the region, which is believed to have unparalleled biodiversity; one in five
known animal species lives there. The Amazon jungle is home to one million indig-
enous people, some three million species of plants and animals, and billions of trees.
The forest is a vital carbon store that slows down the advance of global warming.
There have been many climate fluctuations during the last 55 million years, but never
before have “the lungs of the world” been at greater risk than they are today due to
uncontrolled fires, expanding agriculture and logging, and heavy industrial develop-
ment in the forms of oil drilling, mining, and large hydroelectric dams. This book
highlights a new risk, that of historic drought caused by El Nifio. This book includes
five chapters describing the anthropological, biological, and industrial problems
facing the Amazon. It also maps the national, regional, and international political
and human efforts to save the Amazon and presents new sustainable solutions to
solve the current problems.

I want to express my best thanks to Publishing Process Manager Tonci Lucic at
IntechOpen for his active and skillful cooperation during the preparation and publi-
cation of this book.

Heimo Mikkola
Eastern Finland University,
Finland
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Chapter1

Introductory Chapter: Severe
El Nifio Drought Affecting the
Amazon Region

Heimo Mikkola

1. Introduction

Amazon basin has an area of 2.7 million square miles belonging to nine countries
as follows:

Bolivia 7.7%, Brazil 58.4%, Colombia 7.1%, Ecuador 1%, French Guiana 1.4%,
Guyana 3.2%, Peru 12.8%, Surinam 12.5% and Venezuela 6.1% [1].

The Amazon River is the widest and deepest river in the world and has by far the
largest flow of water and drainage area. The Amazon and the Tocantins-Araguaia
basins in the north account for 55% of Brazil’s total drainage area. Some studies
consider the Amazon to be the longest river in the world with a length of 6990 km
and the Nile the second longest with 6850 km [2].

Three of the largest tributaries of the Amazon basin are born in Colombia: the
Putumayo River (1700 km), the Negro or Guainia River (2000 km) and the Caqueta
River (2200 km) [2].

The total incoming water is 2985.5 km?/year, of which 29.5% (880 km®/year)
comes from Colombia (Japura, Negro and Putumayo), 1495.5 km’/year from Peru
(Amazon, Jurua and Purus), 550 km3/year from Plurinational State of Bolivia
(Madeira) and 60 km3/year from Bolivarian Republic of Venezuela (Casiquiare) [2].

Casiquiare River forms a unique natural canal between the Orinoco and Amazon
River systems. It is the waterway of the world linking together two major river
systems. This phenomenon is called bifurcation. The area forms a water divide, more
dramatically at the regional flood stage [3].

With all this water flow and the fact that the planet’s biggest rainforest holds a fifth
of the global freshwater, it is almost impossible to believe that drought, deforestation
and unrelenting heat could suck it dry and nearly paralyze all water-related activities
in the region [4].

2. El Nifio

Normally the Amazon region has a dry season from July to December, and water
levels in the rivers can drop several feet causing the beaches and sandbanks to appear.
The year 2023 was, however, totally different due to El Nifio [5]. The official term for
this weather phenomenon is the El Nifio-Southern Oscillation (ENSO) cycle which
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means the unusual warming of surface waters in the eastern tropical Pacific Ocean
causing the Pacific jet stream to move south and spread further east [6]. El Nifio

was first noted by South American fishermen in the 1600s when the sea water was
unusually warm in the Pacific Ocean. Because that phenomenon was strongest in
December, the fishermen named it El Nifio de Navidad (‘Little Boy of Christmas’).
La Niiia (‘Little girl’ in Spanish) has the opposite effect — a cold event when trade
winds are strongest and push warm weather towards Asia [7]. In the past, El Nifio
led to 1998 and 2016 global heat waves but in 2023 this climate pattern started earlier
than usual reaching the peak power in winter. That exacerbated a historic drought in
the Amazon region [5].

3. Drinking water

The region has in normal circumstances the most freshwater reserves in the
world. So, there has been no need for a public water supply because people have
taken their water directly from the river. Now there is a lack of water, whichisa
great paradox [5].

4. Emergency

A state of emergency was declared in 55 municipalities by the Brazilian authori-
ties mainly because inability of boats to navigate the low-water rivers which has left
hundreds of thousands of inhabitants completely stranded in the remote corners of
Brazil [5].

5. Fisheries

Many families got their most wanted fish, namely piraructi Arapaima gigas, from
the next-door river before the drought but now this world’s largest freshwater fish
(often more than 100 kg) cannot swim in the river tributaries with less than 20 cm
water. The remaining big fish are hiding in the lakes, but without a boat, fishing is
impossible as is bringing the catch back home [5].

6. Forest fires

It has been noted that the deforesters have taken advantage of the situation by
burning the forest to open up the land for new pastures. In September 2023 nearly
7000 forest fires were recorded making it the second-worst month on official data
since 1998 [8]. And these deforesters are not indigenous people who are known to
be effective in resisting forest loss. Rainforests managed by natives contain a high
level of biodiversity and larger carbon density than state-managed forests [8]. It was
the President Jair Bolsonaro who in 2019 started to weaken the land rights of the
indigenous people. During his three years as President, more than 34,000 square km
of rainforest vanished from the Brazilian Amazon, this being 52% more than in the
previous three years [9].
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7.Landslides

During the normal dry season, landslides are fairly common, but in 2023 the
situation was much worse. The loss of rain has caused a sharp decrease in the flow of
rivers. When the weight of water decreases, it stops supporting the land masses above
it. Earth starts cracking causing collateral damage. People say that in Villa Arum3a a
landslide covered up half the town and 45 houses disappeared [5].

8. Political consequences

Brazil’s President Luiz Indcio Lula da Silva included indigenous people within his
administration in 2023 [8]. He also promised to bring illegal mining under control and to
monitor forest loss better, as he did between 2004 and 2012 [9]. One can only hope that
this unprecedented drought will not stop the glimmer of hope President Lula da Silva
was giving for the Amazon. His predecessor Jair Bolsonaro opened the Amazon for land
invasions, illegal mining, large-scale ranching and non-sustainable agriculture, all activi-
ties that were the major reasons for human-caused forest fires [8]. When Bolsonaro came
into power in 2019 most law enforcement measures were stripped, science and environ-
ment agencies funding was cracked down and environmental experts were fired [9].

9. Power supply

Some large hydroelectric power plants had to be shot down due to a lack of water
to run the turbines [5]. If the water situation does not improve soon, large areas of the
region could start suffering from electric blackouts.

10. Subsistence agriculture

The lack of rain caused serious problems in subsistence agriculture which is the
lifeline of most inhabitants [5].

11. Transport

The low water level of rivers is preventing navigation with any size of boats,
which have been the only means to supply thousands of inhabitants in small
municipalities in northern Brazil. People are running out of food and clean water
pushing them to their survival limits. Authorities estimated that some half a million
people have been affected by drinking water, food and medicine shortages in the
area [5].

12. Water temperature

The highest water temperatures during the drought have been over 39 degrees
Celsius in the Tefé Lake at the end of September 2023 [10]. This is far too high for
many water-living creatures.
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13. Wildlife

The most relentless drought in recorded history is impacting not only human
beings but also putting wildlife at risk [8]. Brazilian Tefé Lake region, on the
border with Peru and Bolivia, is particularly important for the Amazon River
Dolphins Inia geoffrensis (Figures 1 and 2). There have been an estimated 1400
botos or pink river dolphins, as they are also named, but in September—October
2023 more than 125 dolphins were found dead representing between 5 and
10% of the population [10]. According to the scientists at the local Mamiraua

Figure 1.
Amazon River dolphins Inia geoffrensis. Photo: Silvio Battista Piotto junior.

Figure 2.
Boto or pink river dolphin begging for food in Brazil. Photo: Wikimedia common.
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Institute, the extremely high-water temperature must be the explanation for
deaths [5]. The institute is carrying out emergency operations to save the
Amazon River Dolphin [11]. This water mammal is known for its echolocation,
which allows them to navigate and find prey in the dark, muddy water [12] but
even they suffer from the excess heat.

Further comments

The Brazilian authorities including the Air Force and the Navy have distributed
clean water, non-perishable food, hygiene and health kits to most needy people.
The non-governmental organizations have also organized aid in the form of water
purifiers and gasoline for the little stoves to fry the stable diet cassava bread and
cook fish [5].

Although the powerful drought shows no signs of abating, serious droughts will
not last forever. Patterns of El Nifio and La Nifia continue usually not more than one
year, but can sometimes last longer [6].

Amazonian people feel that in the future they should be more prepared for similar
calamities by introducing solar panels for internet and mobile phone connections and
developing family farming to give better autonomy to the communities [5].

This El Nifio drought is an emergency which should get the maximum attention
globally and should lead to effective action to prevent such warming and loss of
nature (Mikko Pyhild, Pers. Com.). The present government in Brazil is fully com-
mitted to crack down on deforestation rates in the country, especially in the Amazon
region. Unfortunately, the El Nifio drought will affect parts of the tropical ecosystem,
threatening hundreds of thousands of people and animals depending on it.
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Chapter?2

Amazonian Animism: Natural
World Annotations in Paleoindian
Cave Art

Christopher Davis

Abstract

Cultures that first settled the Lower Amazon basin in Brazil entered rainforests
and caves that were already inhabited, long ago, by owls, bats, frogs, and numerous
other animals. The animal activities left natural patterns that informed early cultures
about viable locations, navigable paths, and ample resources. Rock Art painted in the
Monte Alegre hills of Pard, Brazil, on the banks of the lower Amazon River appears
to have annotated some of these locations and natural patterns, not always as direct
representational art, but sometimes as animistic and mnemonic symbolism. This
chapter presents three ways in which the natural world was revered in animistic rock
art at Monte Alegre. The first is through inspirations or decisions for where, in the
landscape, to paint in red and yellow hues, which may have been triggered by areas
where naturally-occurring red and yellow lichen circles grew on trees and rocks. The
second is through “patron” animals drawn, and often personified, at the entrance
of caves where the natural animal proliferates. The third is through ritual magic of
animal drawings “touched” by painted handprints. Amazonian animism is based on a
legacy of honoring nature’s patterned relationships.

Keywords: rock art, phenology, South American prehistory, tortoise, volcanism

1. Introduction

An insufferably hot, noxious cave in the middle of the Amazon rainforest is not
what paleoindian pioneers in the hills of Monte Alegre, along the lower Amazon
River, expected to find over 13,000 years ago. What they did find was a cave distinct
from all others nearby, a cave permeated with animism so potent that it is deadly to
humans. Yet, in trying to fathom the cave’s manifestation, paleoindian artists anno-
tated it with a type of personhood, likening it to a burrow, and the cave’s unusual
warmth to that of the sun. This article focuses on the rock art depiction of a red and
yellow tortoise (a cold-blooded animal that burrows to regulate its temperature)
deeper inside the cave, which symbolizes a non-human social relationship of the set-
ting sun to death and the underworld.

Earliest human occupation in the region dates to approximately 13,200 years
ago [1]. Many of the surrounding caves in Monte Alegre are inhabitable today, and
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even during the terminal Pleistocene when people first arrived there, some of the
caves were probably hospitable prima-facie. A few other caves no doubt needed to be
cleared of their denizens first: snakes, spiders, bats, owls, capybaras, or even jaguars.
But one cave in the region is uniquely inhospitable and bizarre to all others.

Caverna do Diabo is unusually hot, with pungent ammonia gas lingering in the air
above a ground writhing with roaches. All outward appearances should have repulsed
humans away from this cave. Both hospitable and animal-infested caves and rock
shelters surround it in all directions; there is no shortage of “better” cave options
within walking distance. And yet, paleoindian artists (though possibly singular)
ventured daringly inside—long enough, at least, to draw several cryptic designs and
symbols on its interior walls.

Some of the red ochre pictographs clearly depict awkward, disembodied facial
expressions. Others resemble animals, and one is a geometric pattern. Some draw-
ings are abstract or undecipherable. Most of the pictographs are near the entrance.
However, one panel of rock art is much deeper in the cave, and it contains a few
closely-spaced images that compose a scene.

The artists certainly planned their works, since the ochre was applied wet, not
scrawled from any in-situ ochre obtainable nearby. The artists also risked their health,
and possibly their lives, in order to draw the image so far inside the cave; why? Such
an inhospitable cave holds no apparent practical or material gains. The cave entrance
lacks human artifacts, offerings, or even potentially commemorative visitation
handprints, which are so common to many of the other rock art sites in Monte Alegre.
Nor does a person’s entrance into the noxious cave induce them with altered states of
consciousness (none that I nor my companions with me experienced), which might
otherwise have been considered worth the risk of life in order to divine knowledge,
power, or healing. No contextual artifacts, features, or clearings suggest this cave, nor
its immediate outside vicinity, was frequented or revered. Additionally, the themed
elements of the art neither imply practical use (no ritual hunting scenes) nor tran-
scendent imagery (no psychedelic, hallucinogenic, entoptic, therianthropic, nor other
supernatural effigies), only warning.

Theorizing why the tortoise “scene” is deeper in the cave, and theorizing why the
artists went through the effort to draw it in the first place, is the focus of this chapter.
Geological data indicate the cave held its properties long before humans entered the
continent, so there is high confidence that the rock art reflects the artists’ commen-
tary on the cave’s characteristics sans direct human participation or agency. In other
words, this cave was regarded as “animated”—self-perpetuated with logical purpose.

Not only does the existence of the rock art demonstrate that Amazonian paleoindi-
ans were strongly motivated by a belief system not anchored to purely human inter-
ests and economic or subsistence practicalities, but also the pictographic composition
is evidence for their strong urge to annotate the land in order to substantiate their
epistemological understanding of the world. One that acknowledged cohabitation
with disembodied but self-motivated forces.

2. Geology and geography

Caverna do Diabo is located on Serva da Maxird hill (Figure 1-left), one of many
elongated low-relief hills arranged in a ring that delineate the Monte Alegre geologic
dome, in the Brazilian state of Pard. The dome formed millions of years ago from
along-dormant hotspot. Additionally, a tectonic northeast-southwest fault, called
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Figure 1.

Serra da Maxird hill (left photo). Burraco quente (vight) showing the chemically leached black and white
boulders on the surface of the hill above Caverna do Diabo. This avea feels warmer than its surroundings, there is
a faint malodorous smell, and no vegetation grows here due to the forces emanating from the cave beneath.

the Ereré Fault, intrudes the bedrock of the Monte Alegre hill ridge [2, 3] through a
graben-like landmass shift over 2 million years ago. The Everé¢ Fault lies beneath Serra
da Maxird, alongside Serra do Erere, and it produces a sulfurous thermal spring at the
ground surface several kilometers to the northeast.

Evidence of ancient wildfires in sediment layers from the Tertiary period, and ear-
lier layers, were determined by several geologists to be provoked by tectonic factors,
like volcanism, electricity discharges, spontaneous combustion, and friction between
rocks [2]. The Tertiary period ended over 2.5 million years ago, so any residual geo-
thermal activity would have been much more subtle to humans first entering the hills
over 13,000 years ago. These residual conditions being self-perpetual, however, may
have fueled animistic rationale of the landscape by early humans.

Maxird hill is round at the base and it reaches an altitude of only about 150 meters
[2]. There are not many tall trees that obscure visibility or sunlight, and vegetation is
not overly dense. The cave entrance is relatively easy to reach, and it is the only known
cave in this hill. The serene ambience around Maxird hill, however, belies the lethality
of its cave.

The cave’s name, Caverna do Diabo, means ‘cave of the devil’ (or demon) in
Portuguese. It is aptly named for its insufferable conditions produced from suspected
geothermal activity that keeps the cave well over 100°F (~38°C) even at its entrance.
The cave also continuously emits ammonia gas, probably due to the same geothermal
activity interacting with biological decay. The conditions inside the cave have been
continuously sustained for a long enough period of time that rocks on the ground
above it have been chemically altered (Figure 1-right). Despite the dangerous condi-
tions, however, the entryway was painted with red pictographs.

We can only speculate what the first people at Monte Alegre thought about this
cave from the rock art they produced. The fact that there is rock art is itself an indica-
tion that they too found this cave to be noteworthy, because they apparently took
significant risk to paint inside it. The smell of ammonia is evident from several meters
outside the entrance, and the increasing temperature is felt at the entrance. Covering
the mouth and nose with cloth only offers temporary relief because as sweat and
moisture accumulate, the gas condenses into liquid ammonia and its stinging smell
burns the eyes, nose, and throat. The longer anyone remains inside, the greater the
risk of liquid ammonia condensing into the lungs, and presumably the same would
be true of the eyes. However, roaches and hornets endure the boundary zone at the
entrance, and bats might be nesting inside.
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3. Rock art and cave contexts

The rock art here is not plentiful, but they retain a wet or fresh appearance. The
most visible and prominent pictographs were drawn on a jutting outcrop from the
wall (Figure 2), which is about 1 meter high (~4 feet tall), just inside the entrance.
All the drawings are visibly red, but Dstretch photo enhancement reveals yellow
pigment too, mostly in the background, as though the surface was primed in yellow
paint followed up by drawing the red pictographic image. Priming the background is

Figure 2.

Cf;)ema do Diabo rock art. Unaltered photo of the entryway outcrop with the most prominent pictographs (top
photo). The diagonal left side of the outcrop with geometric designs (bottom left photo enhanced with Dstretch
Ids to highlight red and yellow colors). The lower portion of the front outcrop showing two heads possibly of an
owl and a bat (bottom center photo-Dstretch lds). The upper portion of the main outcrop depicting the 4-limbed
creature with three torso dots (bottom right photo-Dstretch lds).
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a suspected practice at other rock art sites in the hill ridge too [4]. This artistic trend
again enforces the inference that the rock art was prepared and executed with pre-
meditated intent.

The largest and most prominently placed drawing at the entryway of Caverna do
Diabo is what appears to be a four-legged creature with a tail and a half oval torso that
contains three dots in a curved pattern. The head of the creature is unidentifiable, but
connected to one of its forelimbs is a circle with a dot in the center. Another encircled
dot is also drawn near, but separate from, the creatures’ hindlimbs. It is uncertain
whether this creature is terrestrial or avian, insect or animal, nor can any of those
possibilities be entirely ruled out. The three torso markings, however, were probably
considered an identifiable detail by the artists and their community in the past.

Beneath the four-limbed creature are two disembodied non-human heads. The
higher head is circular, with small circles forming the eyes, and a Y-shape above
and between the eyes, which terminates on top of a single horizontal mouth line.
Compared to other pictographic human and bird faces in these hills, this fits closer
to an avian face—possibly an owl or hawk. The lowest pictographic head has a cleft
forehead within a horizontally ovoid shape containing two small circles for eyes, and
a narrow horizontally ovoid mouth. This head appears to represent a bat, although
identification of both heads are not certain or indisputable.

Painted onto the surface of a diagonal outcrop just left of the previous one are some
complex geometric lines in red pigment, and yellow pigment again appears to be in the
background. What is discernible is an “X” shape to the left of a relatively square shape
that encloses a diagonal slash (\). Other crisscrossed curvilinear lines appear above and
to the left of the discernible ones. Square pictographs enclosing slashes and X shapes
do also appear at two sites in Monte Alegre as well, most notably at Painel do Pildo in a
large grid-like pattern of potential sky-related tally marks suggestive of a calendar.

The lower portion of the diagonal outcrop appears to have been broken off,
although no fragments were visible on the ground underneath it. The broken portion
of the outcrop also appears to have resulted in the removal of parts of the pictographs,
which at least suggests the paintings predate detachment of the lower wall.

Just a bit further inside the cave, on the main back wall of the corridor entryway, is
ared pictograph image that is only rendered discernible with Dstretch photo enhance-
ments (Figure 3). Depicted near the top of the photo is an expressive face (without an
enclosing head design). One eye is encircled while the other appears to be a mere dot.
Above the encircled eye is a long arch that appears to be an eyebrow; the dot eye has

Figure 3.
Lower wall pictographs inside Caverna do Diabo. Unmodified photo of the pictographs (left) and Dstretch yre
color enhanced photo to highlight yellow red and white (for increased contrast) colors of the rock art.
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ashort, but also probably faded, eyebrow. There is a short vertical line between the
eyes, representing a nose. Beneath the eyes and nose are longer horizontal mouth lines
that are hard to ascertain, but appear to bear a snear or grimace. Overall, the image
appears to be a human facial expression.

Beneath the expressive face is a peculiar “baby” face framed in a horizontally
ovoid “head” that has two ovals attached to either side, as though they are ears. The
head contains encircled eyes that appear to be looking up and to the left. What makes
the face peculiar are two lines sprouting from the center of the head, which form
outward-turned hooks. These appear more like antennae than hair. Sprouting from
beneath the head is a segmented curved J-shaped polygon that bears a resemblance to
a worm or snake (or maggot?) torso. There might be more to the torso, since there are
more red lines and marks, but they are too unfamiliar to be discernible.

The “baby” face is potentially looking at another unenclosed face above and to the
left, given indication by a single circle “eye” with an upward arched “eyebrow” and a
horizontal line “mouth.” Although this face is at the edge of the photo, the rest of the
face does not exist. The partial face was drawn on a projected portion of the wall, with
the contours of the wall forming a lower jaw line. Not much else can be said about the
significance of these drawings because the facial expressions and worm-like shape are
unique in comparison to the rock art elsewhere in Monte Alegre.

Maxird hill is notably the westernmost hill that contains rock art on the Monte
Alegre hill ridge. Ethnography from other circum-Caribbean cultures indicate that
some tribes refer to the land in the west, or particularly behind mountains, as the land
of the dead [5-7]. Based on this context, the paintings in Caverna do Diabo might
have death-themed, or ancestral-spirit significance, especially the “baby face” image,
which could symbolize a human soul, or worms/maggots that feast from a corps, or
perhaps both simultaneously.

However, the uncanny nature of the pictographs might also possibly reflect a
supernatural understanding of the cave. The drawings bear some human resemblance
in order to communicate a human warning or reaction. The “forces” at play in this
cave are therefore bestowed animated human-like qualities [8] based on knowledge
of how they affect humans, not based on how they affect (or appear not to affect)
animals in the cave.

4. The Tortoise in the Devil’s Lair

The next image from Caverna do Diabo, which is the focus of this chapter, was
only discovered after image enhancements were done on a “blind” photo, having no
knowledge that anything was inside the cave (Figure 4). To avoid prolonged exposure
to the ammonia gas, the photo was taken blindly from just inside the corridor entry-
way, with the flash on, and using high film sensitivity (ISO 3200). The photo reveals
alarge boulder on the ground deeper inside, approximately 7-10 meters in the gallery
of the cave. Drawn in red and yellow on the side of the boulder that faces the entry-
way is the appearance of a turtle/tortoise standing to the left of a plant (bush? tree?),
and both are on top of a horizontal line that slants upward at either end (a sled?).

Although the boulder looks as though it could have possibly fallen from the wall or
ceiling, such an assessment cannot accurately be made from a single photo taken from
a distance. The pictograph appears to have been drawn within the space provided
by the contours of the boulder, not drawn and then broken off as with the diagonal
outcrop containing the geometric drawings.
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Figure 4.

Tortoise plant and sled pictograph. Photo taken “blind” inside Caverna do Diabo, revealing a ved and yellow
pictograph painted on a giant slab of rock on the ground. The photo was Dstretch lab enhanced, which enhances
contrast and all coloys.

This turtle/tortoise pictograph is unexpected, especially being found inside a cave.
Turtles are cited, albeit rarely, as entering caves in the Paituna hill about 4 km south
of Maxird, which is closer to the Amazon river [2]. Tortoises are less known to inhabit
caves, and the rare instances when they were found to do so [9], it was theorized to be
a strategy for cooling their bodies down from the hot sun, which contradicts condi-
tions found in this cave.

Turtles/tortoises are also not frequently depicted in the rock art, although one
notable example may have been found at the grid pictograph at Painel do Pildo [4].
Despite the rarity of pictographic representation, turtles and tortoises both were very
commonly sought and eaten, as has been indicated in archeological contexts spanning
from paleoindian to historic-period excavation layers [10-12]. Culturally, they are
very commonly featured in myths, particularly myths about the sun as represented by
the Amazonian jabuti tortoise.

So why would there be a turtle/tortoise rock art image in a cave? To seek answers,
it would first help to know which type of chelonia it is. Unfortunately, the photo,
and perhaps the drawing, is not that detailed. However, the image enhancements do
indicate that the shell is somewhat high arching like that of a tortoise, segmented with
many small sections, and that the animal image is composed of both red and yellow
pigment. The aforementioned jabuti now seems more plausible, though not exclusive.

The plant would be another important clue, but again the image is not detailed
enough to determine the type of plant depicted. I had considered that the plant
indicates a terrestrial habitat, but the Amazon has equally important aquatic and
semi-aquatic plants (like buriti palm trees).

The “sled” could be another important clue because the animal is not “animated”
by itself. Instead, like the plant, the tortoise/turtle appears rooted. Motion is implied
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instead by the sled. If this is indeed the case, the tortoise stands in as a symbol for
something else that moves—an inanimate object imagined to be animate. The jabuti
now seems arguably the best candidate, and it possibly symbolizes the sun. The next
question to address is why the sun would be depicted in a cave?

Charles Hartt [13] further described other jabuti/sun analogy myths told among
Tupi communities, like how the tortoise escaped the jaguar by burrowing into one
hole and escaping out another. In this tale, Hartt applied the metaphor to the sun
descending in the west to rise in the east the next day [13]. This metaphor implies
that a red and yellow turtle pictograph, if representative of the sun, might be drawn
in a cave as a metaphor for the underworld where the sun entered at night. This cave
itself, being warm and powerful, was perhaps imagined as an underworld entrance
for the sun to descend below the horizon in the west (relative to the other hills on
the ridge). Therefore, the tortoise pictograph, as understood through animism, does
not just explain, but also informs the viewer of the phenology of the cave—its power
manifesting from the underworld (geothermal or tectonic forces from deep below the
surface) as potent as the sun.

Phenology is the study of repeated natural patterns in relation to climate, plants,
and animals. Ancient people engaged in a type of phenology as pioneers of new
landscapes. Devoid of any human presence, they would have witnessed lands etched
with animal paths and geological processes. South American megafauna still alive
during the terminal Pleistocene when people first trickled into the Amazon were
capable of drastically altering the landscape simply by moving, burrowing, climbing,
and accumulating favored plants by their digestive habits. Phenologies offer a strong
impetus for animistic beliefs that were meant to understand, or at least make note of
landscape patterns pre-existent to human arrival.

5. Discussion

Animism is often assumed to be the foundational belief system of all religions
[14]. The term animism means to endow with life-like movement emanating from dis-
embodied spirits, neither benevolent nor malevolent (or both), that inhabit the world
in locations like forests, lakes, springs, caves, and so on [15]. However, it is more
than a set of beliefs. Animism is an entire perspective that anthropologists ascribe to
nearly all hunter-gatherers before the Neolithic age about 10,000 years ago; and it still
persists among many cultures today.

Animism as a perspective of relating the environment to the way aspects of it
might be connected in a social sense has been termed ‘relational epistemology’ by
Nurit Bird-David [16]. He sees animism as an epistemology that makes sense of an
unpredictable or threatening world by relating everything in an interlocking relation-
ship. The epistemology is rooted in predictions and explanations for how inanimate
objects move, based on knowledge of how animate objects move [8].

Because we as humans move in patterns and make decisions based on motives,
we imagine all patterns and movements are done in similar fashion, satisfying a will
or purpose. Myths are often told from this paradigm. The problem is that we often
cannot imagine a will or purpose beyond a human one. So, although the tortoise-as-
sun myth borrows the reptile’s behavior to explain the sun’s behavior, the pictographic
scene rests atop a (human) sled to rationalize the sun’s mysterious motion.

The animism possibly associated with Caverna do Diabo is the idea that danger-
ous places contain powerful forces. The cave contains rock art, whereas numerous
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other more hospitable caves contain none. This cave could not have been inhabited by
people, but it is at least partly inhabited by animals. The creature images on the right
side of the entryway outcrop possibly identify animal denizens of the cave (perhaps
wasps and roaches in addition to bats and owls?). However, the geometric shapes
indicate human notation.

If the outcrop with geometric designs was indeed intentionally detached by
humans, the geometric designs further support Bird-David’s [16] aforementioned
‘relational epistemology. The cave certainly fits an “unpredictable or threatening
environment,” and so the animated landscape here would be rooted in the explanation
of what makes this cave (and not others) so dangerous.

Would the ancient artists have surmised that volcanic activity over 2 million
years ago left residual geothermal activity? Probably not, but animism renders such
ponderings nearly trivial. Instead, the area was perceived as powerful, and therefore
should be dealt with cautiously, except in times when powerful items are needed. If
detachments were indeed taken from the outcrop, they quite possibly would have
been perceived as being more powerful.

Intentional wall removal was discovered at a nearby rock art site, Painel do Pildo.
However, the majority of rocks recovered from excavation directly underneath the
wall at that site did not have pictographs on its surface. Pursuit of silicified sandstone
suitable for knapping is one proposed theory for the Painel do Pildo site, the other pro-
posed theory—particularly unique to the evidence unearthed at Painel do Pildo—was
intentional modification of the landscape [4]. In either theory, animism is the implied
logic behind wall removals.

Although never having been excavated, Caverna do Diabo lacks most of the associ-
ated material and pictographic context found at Painel do Pildo. Perhaps detached
wall fragments from the geometric design at Caverna do Diabo were also taken away
from the site by humans. If this is true, one could argue that despite the danger of the
cave, venturing inside served a practical purpose. However, even if true, the practi-
cality would have been minimal, and animistic beliefs remain the highest probable
motivation to do so. Myths retained among other Amazonian cultures support this
conclusion, and they often credit one or another phenology as providing culture-
sustaining knowledge.

There is a myth, told among the Craho culture, of a hunter who went into the hole
of an armadillo and found a bunch of peccaries living there, and therefore this is how
hunters know where to find peccaries today [17]. Similarly, there are several versions
of another G& myth told by the Craho, Cayapo, Ramkokamekra, and Apinaye, where
a hunter was pursuing an armadillo that fell into a hole that led to a large plain below.
Young members of the hunter’s tribe got rope and climbed down the hole (in some
versions they climbed down a Buriti palm tree) and this is how people descended
from the sky to populate the earth [17].

In both of these myths, the animistic conclusion drawn is that the events of non-
human actors are decisive for human destiny. But perhaps this conclusion is somewhat
cynical and hasty. Only if myths were simply meant to explain human serendipity (or
suffering), then the cynical conclusion would perhaps be correct. However, if myth
is meant to convey non-human patterns, and even a bit of history about non-human
relationships too, then myths remain perpetually informative about the natural
world, which helps us put that knowledge to good use.

In the terminal Pleistocene period, paleoindians pioneering into South America as
the first humans might have discovered trails formed from Neochoerus, the 6-foot-long
megafauna capybara, or caves widened and smoothed by Megatherium, the ground
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sloth that could grow up to 3.5 meters long [18]. Even the armadillo-like megafauna,
Glyptotherium—with a weight and size comparable to a small car—may have bur-
rowed underground holes readily useable by early human pioneers [18]. Paths which
when followed, may have brought paleoindian hunters upon unsuspecting prey. That
is, after all, implied by the Craho myth of the armadillo mentioned above.

The Amazon rainforest is teeming with life that no doubt spawned countless phe-
nologies. Here, not just megafauna, but also owls, bats, frogs, and even lichen, lianas,
and mangroves formed natural patterns that marked the land long before human
arrival. These marks helped inform early cultures about viable locations, navigable
paths, and ample resources. Some of these phenologies were perhaps translated
through animism presented in rock art, others were presented through myth or both.

6. Summary

The case laid out by the tortoise pictograph in Caverna do Diabo is that Amazonian
paleoindians entered a landscape that had already been set in motion by forces and
animals, wherein people had to conform to it. Phenologies and non-human person-
hoods often aided the success of ancestral human pioneers in new lands. Primordial
patterns, like that of a noxious hot cave, continuously manifest themselves with or
without the presence of humans. Animistic cultures sometimes attempt to explain,
but always find ways to annotate, them in myths and rock art that recount non-
human relationships through the metaphoric relationships of animals and objects as
though they were people with social relationships. Amazonian animism particularly
emphasizes a legacy of honoring nature’s patterned relationships. It was constructed
from observed natural associations set within recognizable social relationships.

The reasons are possibly for ease of memory, and perhaps to aid in recognizing and
reinforcing interactions that accompany desired outcomes. The habits of animals and
characters in myths may seem imaginative at first glance, unless we consider that the
information, they preserve animates relationships within the natural world, some-
times wholly absent of human agents, except perhaps as third-party observers.
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Chapter 3

Position of the Ceremony with the
Psychedelic Drink Ayahuasca in
the Society of the Amero-Indians
of the Amazon

Matea Stiperski Matoc, Zovan Stiperski and Tomica Hruska

Abstract

The Amero-Indians of the Amazon traditionally use ayahuasca for various physical
and psychological ailments. Shamans in the Peruvian Amazon use the psychedelic
drug ayahuasca to have various experiences in guided rituals. The goal of this religious
experience is to expand consciousness and gain deeper insights. Consumption of the
drink can cause harmful psychotic and paranoid reactions, but the therapeutic value is
paramount, namely, the expansion of consciousness, the sensitization to psychological
problems, and the search for their solution. The experience gained in the ayahuasca
ritual is colorful yet indescribable, so painting pictures serves to better understand
the problem that the person is trying to solve. After the ayahuasca ritual, the Amazon
shamans knew how to express their expanded consciousness and deep knowledge
through painting. The paintings that emerge after the ayahuasca ceremony are imbued
with their cosmology of understanding the world.

Keywords: Peruvian Amazon, indigenous people, ayahuasca, traditional healing,
shaman ritual, shaman painting, westernization of ayahuasca

1. Introduction

We have tried to explain the complex subject of ayahuasca from various perspec-
tives: geography, sociology, ethnology, history, pharmacology, psychiatry, and art
history. The team of authors consists of a doctor (Matea Stiperski Matoc), a geogra-
pher (Zoran Stiperski), and a priest (Tomica Hruska). The photos show communities
in the Peruvian Amazon region at the time when the Franciscan Tomica Hruska was
working as a missionary (1999-2006) and Matea Stiperski Matoc and Zoran Stiperski
were traveling (2011).

The experiences and knowledge of Franciscan Tomica Hrusko were important for
understanding the topic of ayahuasca. The Franciscan Tomica Hruska worked for 8
years as a missionary in the Peruvian Amazon region together with the Franciscan
Anton Gerard Zerdin. The Croatian Franciscan Gerard (1950-) has been working
as a missionary in the Peruvian Amazon region since 1975 (he was also a missionary
during the time of the Sendero Luminoso). Gerard has been bishop in the Peruvian
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Amazon region since 2002. The diocese, based in San Ramon, covers a part of the
Peruvian Amazon that is as large as Austria. Bishop Gerard founded the Catholic
College of Nopoki in Atalaya as a branch of the Universidad Catolica Sedes Sapientiae
in Lima with the aim of training the indigenous population to become teachers in
schools and evangelization assistants in indigenous languages. Interestingly, they
learn various trades that are useful to the indigenous communities, such as building
houses and furniture, making clothes and basic agricultural activities. The basic idea
of the Nopoki College is to educate and train the indigenous people of Amazonia

to preserve their customs, roots, and languages. Nopoki College is committed to an
ecologically sustainable economy in the Peruvian Amazon region. Bishop Gerard’s
many years of knowledge of the Peruvian Amazon region were important for the
missionary Tomica. It is important to emphasize that the missionaries are connected
to the local community and very familiar with the social reality.

Matea and Zoran traveled to the Peruvian Amazon region together with Bishop
Gerard in 2011. Incidentally, you do not travel to this part of Peru with tour operators,
but with locals, or in our case with the bishop and his missionaries. The local, indig-
enous population is afraid of foreigners and strangers. The impression of remoteness
and ignorance of the Peruvian Amazon region were best illustrated when we were
asked about the Amazon region by Peruvians from Lima after our trip to the Peruvian
Amazon region in 2011. It turned out that we, the foreigners, were explaining life in
Peru to the Peruvians.

The world sees the Amazon as a vast, distant, unknown rainforest inhabited by
mysterious peoples. The Amazon is a tropical rainforest with the highest biodiversity.
It is the largest oxygen producer on earth. By preserving the autochthony of the
Amazon peoples, their knowledge is preserved from disappearing [1].

Ayahuasca is a sacred drink used by many indigenous peoples of the Americas in
the Amazon [2]. It is traditionally used in a special shamanic healing ceremony [3].
The name ayahuasca is derived from the Quechuan words aya (spirit or dead) and
huasca (vine or rope), meaning ‘vine of spirits’ or ‘vine of the dead.” Ayahuasca has
several names in the Amazon, for example, the Tukano name yagé or yajé is used in
Colombia, the Shuar term natém in Ecuador, and Daime and hoasca in Brazil [4]. The
National Institute of Culture of Peru declared the use of ayahuasca as a Peruvian
national heritage in 2008, when it was recognized as part of the traditional medicine
of the indigenous peoples of the Amazon [5].

Ayahuasca has been studied by anthropologists, ethnobotanists, neurophysi-
ologists, and psychiatrists [6]. Anthropology talks about the important role of
ayahuasca consumption through structured rituals for the indigenous peoples of the
Amazon, highlighting their intertwining of religious rituals, belief systems, cosmo-
visions, artistic productions, music, and healing practices [7]. Ayahuasca becomes
a means of shamanic quest and a deity in the pantheon amidst the wilderness [8].
Shamans who lead the traditional ayahuasca ceremony are called curanderos, vegetal-
ismo, or ayahuascero. They must undergo an initiation rite to be allowed to perform
the ceremony [9]. The knowledge of how to perform the ceremony is passed down
through oral tradition. Besides the psychedelic drink ayahuasca, the ceremony
consists of environment, dance, and story told by the shaman. The goal of the rituals
is to heal people mentally and physically. The participants in the ceremony believe
that chanting creates the inner conditions for healing [10]. Central to healing is the
psychological connection with nature [11, 12]. Traditional societies see themselves as
part of nature. In the shamanic world, ‘nature; ‘culture, and ‘health’ are one and the
same and inseparable.
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With the expansion of Western civilization began the arrival of doctors and the
construction of hospitals in the Amazon. The need for indigenous shamanic aya-
huasca ceremonies to treat the diseases of the Amazon population diminished. The
population is turning to Western medicine, especially the younger people. However,
older people, who are more suspicious of modern medicine and do not speak Spanish,
still use shamanic ceremonies for healing purposes. On the other hand, younger
shamans are increasingly performing ayahuasca ceremonies for tourists, and the
ceremony itself is gradually changing and losing its authenticity. Recently, shamanic
ayahuasca ceremonies have become more popular in modern Western society [13].
People in the West use them for the treatment of mental disorders and drug addiction
[14], as well as for spiritual development and psychological therapy.

2. Anthropology of ayahuasca in the indigenous Amazon

The area of traditional use of the psychedelic drug ayahuasca and the shamanic
ayahuasca ritual is associated with the indigenous communities of the Amazon.
Similar psychedelic drugs have also been used in a similar manner in other traditional
communities outside the Amazon. The long history of altering consciousness through
the ritual use of ayahuasca dates back to 2000 B.C. in Ecuador and as far back as
3000 B.C. in the upper Amazon [15]. Material evidence of the use of plant halluci-
nogens in the Ecuadorian Amazon 1500-2000 B.C. includes ceramic dishes, snuff
trays, and pipes [16]. Some authors believe that cave paintings made thousands of
years ago in different parts of the world are the result of rituals similar to Ayahuasca
rituals [17]. Spanish and Portuguese explorers first learned about ayahuasca when
they arrived in the Amazon in the early sixteenth century [18]. In 1616, the Holy
Inquisition condemned the ceremonial use of hallucinogenic drugs, believing the
effects to be the work of the devil [19]. The first descriptions of the substances that
are components of ayahuasca come from Christian missionaries from the nineteenth
century [20]. Ethnobotanist Richard Spruce discovered Banisteriopsis caapi during
his expeditions through the Amazon and the Andes between 1849 and 1864 when
he researched the components of ayahuasca [21]. Richard Spruce saw indigenous
Tukanos drinking ayahuasca in Brazil in 1851 [7]. The first report of ayahuasca use on
the Rio Napo in Ecuador was by geographer Manuel Villavicencio in 1858 [22]. Early
on, it was learned that the plant was used for ‘journeys to other worlds’ and ‘visits to
tribal gods’ [23]. In the twentieth century, ayahuasca was recognized in Brazil asa
sacred beverage for syncretic Christian, Spiritist, and African-descended religions:
Santo Daime, Unido do Vegetal, and Barquinha [22, 24-27].

The ayahuasca ritual is deeply rooted in the indigenous communities of Amazonia
(Figures1and 2). Archeological research has shown that the prehistoric Amazon
was rarely inhabited by hunters, fishermen, and fruit gatherers due to harsh natural
conditions and poor soils [28-32]. Rare small settlements are scattered throughout
the vast forests. There are no material remains of abandoned cities and highly devel-
oped civilizations in the Amazon. The traditional inhabitants of the Amazon live
off the forest and water. They hunt, fish, and gather fruits, plants, honey, insects,
fish, crustaceans, lizards, and reptiles [33]. Hunting-fishing-gathering-basic agri-
cultural activities allow for a very low population density in the Amazon [1, 33].

The forests and rivers provide habitat for only a few hunters, fishers, fruit gatherers,
and traditional farmers [34]. All indigenous settlements in Amazonia have very
small populations (Figures 3 and 4), often only extended families or relatives live in
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Figure 1.
The Ashaninka group along the Ucayali River. Photo taken in 1999. Picture by the author Tomica Hruska.

Figure 2.
The indigenous population of the Peruvian Amazon. Photo taken in 1999. Picture by the author Tomica Hruska.

them, sometimes at most a few families [1]. From population history studies, we can
conclude that larger rivers were the main magnet for sedentary populations because
of the resulting fertile soil [35-37] and abundance of fish [37, 38].
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Figure 3.
The village of Buenos Aives along the Tambo River. Photo taken in 2011. Picture by the author Zovan Stiperski.

Figure 4.
Catechesis of Ameroindian children under the canopy in the Peruvian Amazon. Photo taken in 1999. Picture by
the author Tomica Hruska.
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Societies have their own methods of treating disease. The indigenous peoples
of the Amazon use the ayahuasca ritual to treat various physical and psychological
causes of disease [39]. Medicine and religion were not separate in the Amazonian sha-
manic age, as shown by the term ‘shamanic complex, which is a ‘healing mechanism’
[40]. The Tukano (Colombia and Brazil), the Shipibo-Conibo (Peru), and the Shuar
(Ecuador), as well as the 72 other tribes, use the ayahuasca drink as a pharmacopeia
and care system [41]. However, it must be emphasized that ayahuasca is only one
of many plants in the complex traditional pharmacopeia of Amazonia [42, 43]. The
ritual ayahuasca treatment in indigenous communities has similarities with magic and
witchcraft [41].

3. Pharmacology of ayahuasca

Ayahuasca is a psychoactive herbal tea prepared by boiling the bark and stems
of the Banisteriopsis caapi vine and the leaves of the Psychotria viridis shrub. B. caapi
contains p-carboline, harmine, harmaline, and tetrahydroharmine (THH), whereas
P, viridis contains dimethyltryptamine (DMT) [44, 45]. The main component of
the tea is the serotonergic, psychedelic, but orally labile DMT. Monoamine oxidases
(MADO) in the intestine and liver break down DMT and prevent its absorption into
the bloodstream. p-Carbolines are potent reversible and competitive inhibitors of
peripheral MAOs that prevent peripheral degradation of DMT in the gastrointestinal
tract, allowing them to reach the central nervous system [46]. In addition, they block
the deamination of serotonin, increasing its levels in the brain [47]. In the central
nervous system, DMT binds to the serotonin receptors 5-HT1 and 5-HT2A, where
itacts as a partial agonist [48]. In addition, there is evidence that THH, one of the
beta-carbolines, acts as a selective serotonin reuptake inhibitor [49, 50]. Inhibition of
both systems, MAO and serotonin reuptake, results in increased levels of serotonin in
the brain [49, 51].

Ingestion of ayahuasca has been shown to activate serotonin receptors (5-HT
1A/2A/2C) in the paralimbic brain structures that process emotions and self-percep-
tion of bodily processes, that is, interoception [46]. Functional magnetic resonance
imaging (fMR) showed increased activity in the occipital, temporal, and frontal lobes
involved in vision, memory, and intention [52]. Previously, ayahuasca-induced visual
stimuli were thought to be generated by associative visual areas rather than the pri-
mary visual cortex in the occipital lobe (Brodmann area 17, BA17) [53]. Nonprimary
visual areas are activated during psychopathological hallucinations and physiologi-
cally during normal dreams in the REM phase [54-56]. In recent studies, increased
activity of BA17 was observed after ayahuasca intake, suggesting that ayahuasca-
evoked visions may be triggered in the primary visual cortex. The measured activity
of BA17 is highest when subjects look with their eyes open, regardless of ayahuasca
ingestion. When eyes are closed, BA17 activity is very low before ayahuasca ingestion,
whereas it is high after ingestion (Figures 5 and 6). The functional prevalence of
BA17 after ayahuasca consumption suggests that the visions, which are strong even
with eyes closed, originate in the primary visual cortex. In addition to the visual cor-
tex, ayahuasca enhanced the activity of Brodmann cortical areas 30 and 37, which are
involved in the retrieval of episodic memory and the processing of contextual asso-
ciations. Cortical regions necessary for the integration of individual visual elements
into a whole are activated. Activity in Brodmann area 10, a frontal area involved in
intentional prospective imagination, working memory, and processing information
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Figure 5.
Ashaninkas in national costume. Photo taken in 2004. Picture by the author Tomica Hruska.

Figure 6.
Traditional face decoration with the natural color of the Echota plant. Photo taken in 1999. Picture by the author
Tomica Hruska.

from internal sources, is also increased [52]. Frontal, temporal, and cingulate gyrus
also increased during performance [57].

After oral ingestion of ayahuasca, it takes 30-40 minutes for the effects to set in.
There is an increase in blood pressure, an increase in the number of heartbeats and
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breathing rates, an increase in body temperature, and dilation of the pupils. The
duration of the effect is up to 4 hours [45]. Psychological effects include emotional,
sensory, and cognitive changes, as well as visual hallucinations [52]. Visual hal-
lucinations are referred to as visions or miragdes [58, 59]. Visions occur in a variety of
contexts, from simple to complex situations. They are often described as a dream in
intense colors. They may see a particular animal or even talk to strangers. All visions
of ayahuasca occur from within, that is, without an external stimulus [59].

Studies that have investigated the safety of ayahuasca have proven that it is not
harmful to health [26, 45, 58, 60]. Changes such as the increase in heart rate and
blood pressure were not significant [45]. It has also been proven that the ritual use of
tea is not associated with psychosocial problems that occur with the abuse of other
psychoactive drugs [61].

4. Healing through the ayahuasca ritual

Indigenous cultures use various herbal preparations to connect with nature and
communicate with spirits beyond our world [3]. Psychedelic plants and mushrooms
are used in various forms of religious and cultural life [15, 62, 63], such as initiations
into adulthood, seasonal rites, gatherings, and preparations for war [64]. Amazonian
shamans use the psychedelic drug ayahuasca to gain different experiences in guided
rituals. The goals of this partially religious ritual are the expansion of existing
consciousness, the discovery of new states of consciousness, and the attainment of
deeper knowledge. During the ceremony, ayahuasca heightens the senses and induces
hallucinations based on the participants’ subconscious. Ameroindians in the Amazon
traditionally use ayahuasca as a medicine for various physical and psychological ail-
ments. In the absence of doctors, Ameroindians sought help from curanderos for their
health problems. Healing is the main purpose of ayahuasca consumption.

Understanding the effects of the ayahuasca ceremony requires an integrative and
multidisciplinary approach. Central to this approach is the close connection with
nature. According to indigenous shamanic culture, the healing process is linked to
the existing relationship between humans and nature [65]. The essence of spirituality
and the view of life of traditional indigenous communities is that they do not control
nothing, do not own nothing, and that all nature is given to them to use, and they
take only as much as they need. In the ritual, the boundaries between the patient, the
doctor, the drug, and the environment are removed. During the ceremony, self-
awareness disappears, and one becomes one with the environment and the universe.
A person’s mental and physical health, as well as the health of the community and the
environment, are considered whole rather than separate entities [66]. People react
differently during the ceremony depending on the different physical reactions to the
active ingredients of ayahuasca, as well as different personal experiences, personali-
ties, environments, and the shaman himself. The shaman reacts depending on the
reactions and behavior of the participants in the ceremony. The important role of the
shaman in the ritual is to keep the participants of the ritual sane and to ensure that
their consciousness does not ‘wander off’

Ceremony participants are expected not to consume meat but to eat only natural
and unprocessed foods for several weeks before and after the ceremony [11]. Shamans
believe that an unhealthy diet contributes to evil spirits attacking a person during a
ceremony. A plant-based diet is consistent with ayahuasca and the rainforest [11].
Purification in the form of vomiting or sweating is an important moment in the
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ceremony. Purification removes negative emotions, that is, it is proof of a successful
healing.

The healing of participants in the ayahuasca ceremony is achieved not only with
the help of the drink but also through special songs, dances, and the whole ritual
that connects the participant with the community and nature [12]. Ayahuasceros
use sacred chants to invite the spirits to try to heal the participants of the ceremony
[67]. The shaman uses sounds through music (chanting, percussion, whistling) to
evoke visual stimuli in participants. Many participants were able to indicate how they
‘saw music’ [10]. The rapid change of intense colors, shapes, and geometric patterns
triggered by the ayahuasca ceremony becomes a unique, never-before-experienced
experience for the individual [67]. The shamans’ ceremonial chants are adapted to the
current situation, environment, and participants [68]. Shamans believe that a person’s
physical health improves by improving their mental health and vice versa. According
to traditional beliefs, a sick person is possessed by a demon or an evil spirit, and the
evil forces are expelled from the body through a spiritual ritual [65]. Hallucinogenic
drugs evoke visions of spirits manifesting in material forms such as jaguars, birds,
and snakes [69]. The healing and victory over diseases of participants in the ceremony
may be represented by visions of a snake shedding its skin [65]. The Shipibo believe
that they travel to the underworld through hallucinations and encounter a spirit that
threatens a sick person, and that the shaman invites good and great spirits to help
with healing through chants [70]. The patient has the feeling that during the ritual, he
is in a special environment in a kind of sacred space.

Amazonian peoples considered ayahuasca as a carrier of messages from the other
world and served as a source of knowledge about other worlds [71]. Ayahuasca and
other psychoactive drugs were the only path to true knowledge for many Native
American communities [72, 73]. Visions based on personal experiences have special
meaning because they convey messages [71]. Rituals bring our hidden memories and
feelings back to light and connect us to our deepest feelings and thoughts [74]. The
whole ceremony evokes strong religious and spiritual feelings. For many participants
in ayahuasca ceremonies, the visions have been radically transformative. There have
been cases where people had such a shocking experience during the ritual that they
did not want to talk about it, but after the ritual, they became ‘better’ people.

The therapeutic effects of ayahuasca must be considered within a bio-psycho-
socio-spiritual framework [75]. The historical and indigenous context is particularly
important for understanding ayahuasca. The environment of the Amazon forest and
the community is part of the healing. Shamanic rituals are difficult to perform in
modern psychiatric institutions. Healing through an ayahuasca ceremony cannot be
compared to simply taking medication, as it has a psychosocial and spiritual compo-
nent in addition to the pharmacological (Figures 7 and 8). Psychiatry has developed a
biopsychosocial model that views illness and health as an interrelationship of biologi-
cal, psychological, and social states [76]. The integrated mental health model lacks the
connection to community, nature, and spirituality that is the foundation of shamanic
rituals [77]. There are considerations that the exclusively rational and scientific view
in psychiatry is too limited [78]. Western scientists strive to understand the healing
effects of psychedelic substances, whereas shamans view medicine, environment, and
ceremony as an inseparable complex.

In the early twentieth century, the popular Zen philosopher D. T. Suzuki encour-
aged military self-sacrifice through the mystical dissolution of the ego [79]. The
fragmentation of the ego can be used for violent political purposes. During the secret
operation MK-ULTRA in the 1970s, the U.S. military used LSD to militarize the mind
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Figure 7.
Children under the canopy. Photo taken in 1999. Picture by the author Tomica Hruska.

Figure 8.
Children on the terrace in front of the house. Photo taken in 2011. Picture by the author Matea Stiperski Matoc.
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by destroying the ego [80]. Psychedelic drugs produced axiosity and crushed people
through psychological pressure [81]. The Shuar warriors in Ecuador and Peru used
ayahuasca to fight a terrible and powerful spirit that developed murderous abilities
[8]. Ayahuasca was used by some indigenous peoples of the Amazon as a bloodthirsty
agent in wars. During the rites of aggressive shamanism, people under the influence
of ayahuasca knew how to become possessed by ruthless rage against the enemy.

The dark side of psychedelics that can dissolve the ego is a warning to all who are
completely uncritical of psychedelic alterations of consciousness. The purpose of

this mention is not to diminish the positive effects of the substances but to introduce
certain negativity, doubt, and caution into the discussion of psychedelics as drugs.

4.1 Experiences with ayahuasca rituals of the Franciscan missionary Tomica
Hruska

The ritual ayahuasca experiences of the missionary and Franciscan Tomica Hruska
took place in 1999 and 2006 in Atalaya (Figure 9), the town where the Tambo and
Urubamba rivers merge into the Ucayali River (Figure 10) in the Peruvian Amazon.
At that time, and especially in 1999, Atalaya was a small settlement that developed
into a real port city in the following decade. During that time, the Franciscan Tomica
Hruska worked as a missionary in remote parts of the Peruvian Amazon and rarely
visited the mission station in Atalaya. The ayahuasca ceremonies were performed by
a shaman from Atalaya in the traditional manner, although the authenticity of the
ayahuasca ritual, in general, is threatened by the commercialization of ayahuasca for

Figure 9.
The city of Atalaya. Photo taken in 2011. Picture by the author Zovan Stiperski.
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Figure 10.
The pier of Atalaya on the river Ucayali. Photo taken in 2011. Picture by the author Zovan Stiperski.

tourism. The photographs in this chapter were taken in a larger area along the Ucayali
River and are intended to introduce us to the Amazonian communities where the use
of ayahuasca was common at the turn of the twenty and twenty-first centuries.

The first ritual, 1999. The liana (Banisteriopsis caapi) was chopped into smaller
pieces and boiled with other ingredients for hours until a thick, resinous mixture
was formed that was then drunk diluted with water. The preparation of ayahuasca
itself is ritualistic and spiritual. During the preparation of ayahuasca, which lasted
up to 2 hours, we had conversations. The ritual took place in the afternoon, after the
preparation of the drink. The ritual took place in a leafy courtyard filled with peace.
Since Tomica was tasting ayahuasca for the first time, the curandero gave him a
weaker ayahuasca. Soon, he felt a slight pain in the back of his head. He was conscious
the whole time. He heard the curanderos reciting songs and asking spiritual beings for
help, but he also watched over Tomica to keep him calm. Tomica became aware of his
body. He looked at himself in a positive way. His body appeared crystal clear. He saw
the light with his eyes closed. When he opened his eyes, he saw a normal, ordinary
environment. When he closed his eyes again, a series of strong visions continued,
which he describes as sparkling, rich abstractions and various unknown colors. A very
unreal and beautiful experience. Tomica was happy and unencumbered in everyday
life afterwards. The visions lasted for about 2 hours. The only consequence is the
expected purification of the organism.

Second ritual, 2006. After 7 years, the second ayahuasca ceremony took place. At
that time, Tomica was very burdened in his daily life. Since the city of Atalaya had
expanded in recent years, the courtyard where the last ceremony took place was no
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longer nice and quiet on the outskirts of the city, but in the middle of the city, sur-
rounded by the noise of people, cars, motorcycles, and tuk-tuks. The ceremony of
Tomica was diametrically different from the first ritual in 1999. There was no more
positive light. All energy no longer emanates from the entire body. The second experi-
ence was the opposite, he describes it as a helmet on the head with only one hole. Fear
and discomfort dominated. Tomica cannot remember much about the ayahuasca
ceremony in question. Curanderos noticed this discomfort.

The conclusion of the Franciscan Tomica is that the visions and experiences of the
rituals are a reflection of our personal state or even an amplifier of our current inner
state. Tomica felt good in everyday life and therefore had a positive vision in 1999,
whereas 2006 was a dark time in his life, and the ayahuasca vision was filled with
discomfort and anxiety.

5. Artistic record of the ritual experience

Through visionary art, the nebulous becomes visible and conscious. Visionary art-
ists depict visions evoked by psychoactive drugs. Anthropologists cite the Amazonian
plant Banisteriopsis caapi, from which ayahuasca is derived, the mushroom Amanita
muscaria used by ancient Hindu shamans, and the peyote cactus used by Native
Americans, as traditional sources of entheogenic substances. Contemporary visionary
artists speak of synthetic psychoactive substances such as LSD as a means of achiev-
ing higher states of consciousness [17].

The experiences and visions one has during an ayahuasca ceremony are almost
indescribable. Amazon shamans use painting to express their expanded conscious-
ness and deep knowledge after the ayahuasca ritual. The paintings are steeped in
the traditional cosmology of understanding the world and the personal experiences
on which the visions are based (Figures 11 and 12). In a traditional ayahuasca
ceremony, the curanderos drink the potion with the patient and have visions that
are responses to the diseases and disorders that plague the patient. On the basis of
the painted picture, through which he expresses his visions, the shaman diagnoses
the disease. The visions consisted of vivid colors, not necessarily regular geometric
abstractions, but a kind of natural geometry in the sense that people and nature
were geometrized. The visual experiences ranged from abstract shapes such as
circles, triangles, and spirals to culturally specific images such as jaguars, snakes,
and mythical landscapes [82]. Animal forms frequently appear in shamanic ceremo-
nies of various cultures around the world and are common motifs in ancient rock
paintings [83]. Ayahuasca vision is considered a state of consciousness superior to
the normal state of consciousness [3].

The creativity of the Shipibo people in the Peruvian Amazon is evident in the
design of useful items and paintings inspired by ritual ayahuasca visions [70].
Patterns on ceramics, clothing, painted bodies, and houses were part of visions
during rituals or were dreamed [84]. The vivid visual hallucinations included both
intricate geometric shapes and realistic scenes. They considered visions as medicine
and painted them on faces, pots, weapons, and houses to protect them. Drawings on
the faces of children protected them from disease and death [70]. Patterns inspired by
ayahuasca are also found in art, architecture, and as decorations on Tukano pottery
and musical instruments [21].

Unusual experiences created by psychedelics are the source of art of our ancient
ancestors [85]. The cave drawings at Chauvet (France) and among the San in the
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Figure 11.
Ashaninka mother with two childven. Photo taken in 1999. Picture by the author Tomica Hruska.

Figure 12.
Children in the Peruvian Amazon. Photo taken in 2011. Picture by the author Matea Stiperski Matoc.

Drakensberg Mountains of South Africa are considered the work of ancient visionary
artists. The motifs, otherworldly beings, and stylistic expressions of the ancient cave
artists are similar to those of contemporary artists of shamanic visions [86]. Common
to all visionary arts are altered states of consciousness, shamanism, and the immedi-
ate experience of unusual worlds [86].
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6. The role of ayahuasca in modern medicine

In recent decades, the effects of ayahuasca in the treatment of depression
and anxiety have been studied [75, 87-90]. In a study of patients suffering from
depressive disorder, symptoms and signs of depression decreased immediately
after ingestion of ayahuasca, and the effect lasted for 14 days. It is interesting
to note that 14 days was the interval between shamanic rituals in Brazil. More
importantly, the effect of ayahuasca began much earlier than conventional anti-
depressants, as early as 40 minutes after ingestion of the tea [91]. Ayahuasca has
also been shown not to cause significant sensory, cognitive, or affective changes at
lower doses sufficient to reduce symptoms of depression. It is very important that
ayahuasca does not induce mania in patients with mood disorders [92]. Studies
have shown that regular ayahuasca consumption can modulate the serotonergic
system in the brain in the long term, that is, increases the levels of serotonin trans-
porter (SERT), which explains its beneficial effects in the treatment of depression
[91]. A reduction in feelings of hopelessness and panic has been noted in members
of the Santo Daime Church who have been taking ayahuasca regularly for at least
10 years [93]. In addition, after consuming ayahuasca, people with social anxiety
have more self-confidence when speaking in public [94]. Long-term ayahuasca
intake had no negative effects on personality, psychopathology, neuropsychol-
ogy, outlook on life, or psychosocial well-being; on the contrary, ayahuasca users
showed fewer psychopathological symptoms, better scores on neuropsychological
tests, higher levels of spirituality, and better psychosocial adjustment than the
control group [95].

In addition to its anxiolytic and antidepressant effects, ayahuasca is considered
effective in the treatment of addiction [18, 47, 61, 75]. Treated patients reported
therapeutic effects such as increased body awareness, decreased craving for
drugs, stimulated emotional processes (catharsis, awareness of previously sup-
pressed emotions), self-analysis, and increased self-efficacy [96]. Furthermore,
in most studies, fewer religious ayahuasca users had alcohol problems than the
control groups [60, 61]. Interestingly, most people had a history of alcoholism,
drug use, and domestic violence before joining the Unido do Vegetal Church in
Brazil. Through the religion and regular intake of ayahuasca, their addiction
and dysfunctional behavior disappeared [60]. In 1992, the Takiwasi Center for
the Rehabilitation of Drug Addicts and Research of Traditional Medicines was
founded in Peru. The centre uses a mixed approach of Western medicine and
traditional Amazonian medicine based on local herbs, including ayahuasca [75].
Although this form of treatment has been known in South America for many
years, more and more Americans and Europeans are becoming interested in
ayahuasca and shamanistic healing, which is why they travel to the Amazon to
participate in traditional ceremonies [97].

Finally, it is important to mention the effects of ayahuasca on the endocrine and
immune systems. Two hours after ingestion of ayahuasca, an increase in prolactin
and cortisol was measured, which returned to their original level within 24 hours.
Increased cortisol decreases the proportion of CD3 and CD4 lymphocytes and
increases the proportion of natural killer (NK) cells. This effect is transient and
returns to baseline levels after 24 hours. A decrease in CD3 and CD4 lymphocytes is
considered harmful, whereas an increase in NK cells is beneficial because they are
an important component of immunity against virus-infected cells and cancer cells.
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Acute stress also leads to an increase in cortisol levels and a redistribution of lym-
phocytes. According to recent research, acute stress is thought to have a modulatory
rather than an inhibitory effect on the immune system. Ayahuasca showed significant
neuroendocrine stimulation and modulatory effect on cell-mediated immunity [98].
Interestingly, shamans in South America lived to a ripe old age in better physical and
mental health than most Westerners. This is due in part not only to a healthy diet but
also to the regular intake of ayahuasca (often several times a week) throughout most
of their lives [41, 99].

7. The spread of ayahuasca from the traditional Amazon world

Ayahuasca has spread from the traditional world of the Amazon to numer-
ous countries in South and North America, Europe, Australia, New Zealand, and
some Asian countries [100]. Various experiences with ayahuasca, accompanied by
the media and the Internet, attract various recreational and professional circles
[100]. The syncretic religious group of the Church of Santo Daime in Brazil uses
ayahuasca as a sacrament. They consider ayahuasca and other psychedelic drugs as
the only path to true knowledge [71]. The Brazilian Unido do Vegetal is a Christian
spiritualist religion present in Spain and the United States that uses psychoactive
tea from the Amazon rainforest in its rituals [5]. The use of the ayahuasca bever-
age in religious ceremonies is officially recognized and legally permitted in Brazil
for a few religious groups [101]. It is estimated that there are at least 15,000 urban
monthly ayahuasca users in South America [26]. In particular, the churches of the
Brazilian syncretic ayahuasca religion pose a major challenge to Western liberal
democracies that advocate criminal drug control and constitutionally guaranteed
religious freedom [100]. There have already been court cases in Australia, France,
Germany, Italy, the Netherlands, Spain, and the United States over the religious use
of ayahuasca [100, 102].

In Australia, rituals are performed by neo-shamans using native acacia trees
[103]. Traditional shamanistic ceremonies are changing due to colonialism and
globalization [104]. With the globalization of cultures, the roots of the geographi-
cal, social, and cultural context of the ayahuasca ritual disappear [100]. Shamanic
ayahuasca tourism is spreading worldwide as shamanic ayahuasca ceremonies have
become increasingly popular in recent decades (Figures 13 and 14). Four main
reasons for shamanic tourism in the Peruvian Amazon are cited as follows: self-
exploration and spiritual growth; curiosity; physical and emotional healing; and
vacation in an exotic place [105]. Authenticity, the archaic past, a sense of spiritual-
ity, and sacredness are important to tourists [105]. The feeling of emptiness in one’s
own culture and the absence of social traditions encourage the desire to experience
shamanism [9, 14]. The spread of ayahuasca ceremonies outside the Amazon raises
the question of cultural appropriation of traditional indigenous knowledge [100].
Neo-shamans and especially false shamans often dilute the ancient, systematized
tradition before the eyes of tourists and the contemporary non-Amazonian popula-
tion in the Amazon. The commercialization of ayahuasca erases ancient knowledge
and adapts to new concepts of spirituality and culture. The benefits and harms of
ayahuasca can help inform strategies for responsible and effective regulation of its
use. Ayahuasca could gain the status of a traditional indigenous medicine and sacra-
ment in religious communities [100].
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Figure 13.
Children of the Ashaninka. Photo taken in 1999. Picture by the author Tomica Hruska.
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Figure 14.
Children of the Ashaninka. Photo taken in 2011. Picture by the author Zoran Stiperski.

8. Conclusion

The main objective of this chapter is to clarify the meaning of the psychedelic drug
ayahuasca and consequently of the shamanic ayahuasca ceremony among the indig-
enous peoples of Amazonia. In accordance with the constant changes in the world,
there is a transformation of the use of ayahuasca in the Amazon and its emergence
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in modern Western societies. “Travels’ to ‘other worlds’ with psychedelic drugs have
been known for a long time. The first records of the ritual use of ayahuasca date back
to 3000 B.C. in the upper Amazon. Spanish and Portuguese explorers of the Amazon
introduced Europeans to ayahuasca in the early sixteenth century. Ayahuasca is
obtained as a psychoactive herbal tea by long boiling of the bark and stems of the
Banisteriopsis caapi vine and the leaves of the Psychotria viridis shrub.

The traditional Amazon population engaged in hunting, fishing, fruit gathering,
and rudimentary agriculture. Hunter-gatherer and slash-and-burn agriculture do not
allow dense settlement in the inhospitable environment of the Amazon rainforest.
Long-term isolation from higher civilizations has been their historical reality. The
absence of any form of modern medicine based on Western principles of evidence
required them to develop specific creative responses, as societies tend to develop
models to cure disease. The main goal of the ayahuasca ceremony is to diagnose the
disease and heal the person. Thus, a shaman is first and foremost a doctor in the
modern sense of the word. Because of the traditional intertwining of medicine and
religion, he is a shaman and a priest. The psychedelic drug ayahuasca was a means of
diagnosing diseases and medicine itself. Ayahuasca was taken in the form of a system-
atized ritual under the guidance of a shaman. Participants in ayahuasca ceremonies
experience various visions that are intense and difficult to describe. As visual artists,
the shamans attempt to materialize and describe their visions by painting pictures.
The painted pictures become a diagnosis of the disease.

The intrusion of Western influences into the Amazon through Christian mission-
aries, oil companies, farmers, planters, and armies, as well as the efforts of national
governments to implement numerous development projects in energy, communica-
tions, agriculture, and industry, and the immigration of population are transforming
traditional Amazonian societies. With the advent of hospitals and modern doctors,
the importance of shamans and ayahuasca ceremonies is diminishing, especially in
the treatment of physical ailments. Shamanic ayahuasca rituals in the Amazon have
attracted tourists for several decades. Shamans and neo-shamans are facing new
challenges, but new business opportunities are also opening for them. Westerners
primarily hope for new insights and experiences, self-exploration, and emotional
healing from shamans. The ayahuasca ritual faces transformational challenges.
Brazil’s new syncretic Christian, Spiritist, and Afro religions, which use ayahuasca for
their religious rituals, have put national governments throughout the liberal world in
a quandary over how to balance constitutionally guaranteed religious freedoms with
criminal control of psychedelic drugs. In the West, there are numerous court cases
about the procedure for the permitted use of ayahuasca. In 2008, Peru recognized the
use of ayahuasca as traditional medicine and Peruvian national heritage. Ayahuasca
is attractive to many people in North and South America, Europe, Australia, New
Zealand, and some Asian countries. This attraction is supported by recent research
showing that supervised ingestion of ayahuasca has a positive effect in treating
depression and anxiety.
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Chapter 4

People of Recent Contact in the
Ecuadorian Amazon

Patricio Trujillo-Montalvo

Abstract

The Waorani are an ethnic group of recent contact who preserve traditional
cultural practices of people who inhabit the tropical jungles and are characterized by
being clanic families of hunters and gatherers, highly mobile and nomadic warrior
groups that inhabit a wide expanse of Ecuadorian Amazon forests (about one million
hectares) located in the Yasuni National Park (YNP), a unique humid forest ecosys-
tem in the world, which they consider their territory. Their language is Wao Tiriro, the
word wao meaning “human” and Waorani “human beings.” It is their form of self-
identification with their ethnic neighbors, whom they call cuwuri or strangers.

Keywords: Waorani, Amazon, civilization, modernity, contact, ethnography

1. Introduction

The images created around the Ecuadorian Amazon jungles and their inhabitants
are the product of the confrontation between various logics of thought, different
worldviews, ethos and symbols. This confrontation has been carried over to the
present day, and in modern stages, it is much more valid since the appropriation of
this space by different actors results in the systematic consolidation of different power
groups that, when confronted with each other, generate conflicts of different kinds
and violence in the region, becoming one of the references for the creation of the local
identities.

If the confrontation of these logics results in the appearance of new actors, we
have the Ecuadorian Amazon converted into a true laboratory of ethnic construc-
tions and disintegrations. An ecology, where various groups, representing national
and colonial states and even tribal movements, fight to consolidate this region as
their space of power. The clash of these two logics: an extractive market economy
(gold, spices, rubber, oil and coca) and the other of resources for survival (hunting,
fishing, gathering and planting), have generated that the Amazon jungle is seen as
a wide region of inexhaustible resources, of invisible inhabitants to be conquered,
Christianized, civilized and transferred to modernity.

The passage from the wild subject to the modern subject is seen so clearly drawn
in these areas, where the different regions and their inhabitants go from representing
spaces of cultural reproduction to wasteland regions, without owners, without God,
law or order. If 40 years ago, the ideal of development on a global level was to create a
humid tropical forest, the source of food for the planet, and to civilize its inhabitants
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and incorporate them into the modern world. In the last decade, this ideal has been
linked to maintaining tropical humid forests in a natural state, conserving them as the
lungs of the world and their inhabitants as the last modern savages on earth, as the
guardians of the tropical humid forest. Contradictory paradigms of the new moder-
nity that use the inhabitants of the tropical forest to justify the continuous errors

of development projects, executed from the civilized north to the underdeveloped
periphery.

2. Waorani: savage and civilized

The term Wao (wao tededo) means human and Waorani means (true) human
beings. This is how this cultural group identifies itself and creates its ethnic borders
in relation to other groups, which it calls “cowode”/cowuri/or the non-Waorani, “the
strangers, the outsiders, the others.” In specialized literature, you will find different
ways of writing this term, like this: cowode, cogouri, cuwuri, cowuri, cohuori, etc.,
there are many reasons for this, but perhaps the most real is that the first ethnolin-
guistic studies were carried out by North Americans and the other phoneticizations
depend on the mother languages of those who have worked with the Waorani. The
literal translation of the term is strange, but it has other “charges” in the message such
as savage, cannibal and murderer [1-3].

The Waorani language (Wao Tededo, Tiriro or Terero) has no affinity with any
other language or parent linguistic group in the Ecuadorian Amazon and is considered
an isolated language. In fact, the toponyms of this space, known since the time of the
missions, do not correspond at all to the Wao Tededo language. According to the story
of several old warriors (Pikeneni), there were different dialects among the different
clans, the same ones that are divided between two large groups IROMENANTI or those
upstream and ENOMENANTI or those downstream of the Napo River [4]. An interest-
ing argument to relate this status of supposed marginality, in the ethnic context in
which they developed, is linked to the fact that until the mid-twentieth century, the
area was dominated by groups or tribes of Tukano linguistic affiliation, especially
located toward the left bank of the Napo and by those of Sapara and Kichwa affilia-
tion, starting from the right bank. The variety of names (anthroponyms-toponyms)
of the different rivers and sites that have been preserved in early references by mis-
sionaries and travelers prove this hypothesis: Napo (Doroboro), Tiputini (Guiyero),
Yasuni (Dicaro), Tivacuno (Peeneno), Curaray (Ewengono), Tiguino (Bataboro),
Cuchiyacu (Menkaro), Cononaco (Baameno), Nashifio (Gabaro), etc., against which
the Waorani have their own linguistic name.

Later oral and written references allow us to assume that, at least for a certain
time, the surroundings of the mouth of the Tiputini were inhabited by some Omagua
or Sapara tribes. At the time of the “rubber patterns” (1910-1930) apparently the
populations located in the same environment, between the Tzapino, Villano and
Curaray rivers, were not Waorani but Sapara [5]. Apparently, the Waorani warrior
clans eliminated the Sapara families, to later occupy these sites and incorporate them
into their territory. In fact, a route allowed rubber seekers to cross from Curaray to
Napo, passing through Cononaco, Nashifio, Yasuni and Tiputini, which at this time
appeared populated by clans of Sapara descent.

The rereading of the innumerable ethnographic data (writings of travelers,
missionaries) before contact with the West indicates that this group was classified as
extremely violent, highly mobile, fighting with any stranger who had entered their
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territories. This created the imagination of savagery, especially among the Kichwas,
who called them “Aucas” (savage or uncivilized in the Kichwa language). “Auca” was
the name that identified them for a long time, until the Summer Linguistic Institute
(SLI) reinvented for the West as Waorani [6].

The Waorani are a group that, from the tradition of Amazonian studies, is consid-
ered a tropical jungle culture [1, 7], mainly because it maintains the following basic
characteristics:

a. Generalized war fulfilled the function of social organizer; it was the most impor-
tant socio-cultural and control institution.

b.Hunter-gatherers with high mobility and little horticulture. The use of forest
resources depended on the seasons of fruit and animal reproduction in the forest.

c. Clan groups or extended families made up of a complicated kinship designation.
Each group was dispersed and maintained little contact related to the lack of
centralized power. The chief was named or constituted in a circumstantial way,
the power was egalitarian and related to the levels of symbolic power and the best
warrior was the clan chief.

d.Linguistic groups, oral cultures that recreated their entire worldview based on
myths and legends that are transmitted from generation to generation.

e. Territory conceived as a large space of resources. Their houses were built in hilly
areas of mainland forests, allowing them to see their enemies, attack and flee,
away from the main rivers, avoiding any contact with strangers.

2.1 Contact and modernity

Before formal contact with the West (1956), in the oral memory or Wao tradi-
tion, two eras or times in which the different groups lived are remembered: (1)
time of tranquility or peace (waemo efiere), and (2) times of war, escape or group
diaspora (piinte efiere). These stages shaped the social history of the Wao group, its
development and, above all, its survival strategies against the “other groups” called
“cowuri” and other enemy family groups called “warani or non-nanikaiboiri.” In
times of peace, they remember stability and stages of sedentary lifestyle, where the
development of clan groups (nanikabos) was based on horticulture and hunting,
family settlements remained from 1 to 3 years in the same place that was considered
as its area of action or territory. On the contrary, the war stage was characterized by
high mobility, search for safe places and family survival based on hunting and gath-
ering seasonal fruits of the forest; horticulture was secondary and settlement sites
did not last more than 2 years. Months due to the fight from the insistent intragroup
war [1].

Nanikabo is the social and economic unit that brings together several extended
families (Guiquitaris, Wepeiris, Piyemoiris, Nihuairis, Kempeiris, etc.), linked by
kinship, whether blood or fictitious (alliances). Parental alliances were fundamental
for the development of the group, since survival against their enemies depended
on them. The Waorani maintain a complicated kinship relationship since they are
polygamous groups in both ways: polyandry, woman with several men or polygyny,
man with several women. Another cultural institution was war, the fundamental
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basis of social relations between the different Waorani clan groups. The same one
that would become the main socio-cultural institution because, around this exercise
of power, complex strategies of alliances and mythical constructions that fed the
oral culture of the Waorani were developed and consolidated. In fact, during the
war period, “death with spears” (tapaca wente) was the main social mechanism that
regulated demography and symbolic relations between clan groups [4].

The first contacts between Western society and the different Waorani clans were
violent and are described in several accounts of travelers who entered this territory
and compiled several stories about the bloody war they waged against the rubber
tappers, who, between the decade of 1910 and 1930 of the twentieth century they
crossed the Curaray, Villano, Tiputuni, Shiripuno, Cononaco, Yasuni and Napo
rivers, in search of raw materials and enslaved people for the haciendas of Peru and
Brazil. The “hunt” to which the lower Cononaco-Baameno and Curaray groups were
subjected, especially Baiwairis (people of Baiwa), is present in the memory of many
warriors today, memories that trace back the cruelty with which many Waorani were
enslaved and sold in distant haciendas., the majority never returned, so the image of
the “cowuri” as a murderer who “eats or takes away” people begins to be conceptual-
ized among their Wao culture since that time.

Subsequently, several confrontations are described when the oil company Dutch
Shell Oil Company (1940) enters Waorani territory, especially the Arajuno River area,
and establishes a camp to carry out seismic prospecting operations throughout the
area. Moipa, Iteka and Guikita, are the warriors who defended this part of the terri-
tory, incessantly attacking the oil workers, resulting in several deaths between the two
sides. Blonberg, in his book The Naked Auca [5], accurately recounts all these events
that contributed to the creation of the image of the “ferocious Aucas,” groups reluc-
tant to contact and civilization. As we pointed out, Aucas (naked savage in Kichwa)
was the word that was used for a long time to designate or identify the Waorani clans
that attacked and defended their territory until 1956, a date that marked a new rela-
tionship with the West, since specifies the contact mediated by the Summer Linguistic
Institute-Wycliffe Books Translators SLI-WBT (Summer Linguistic Institute), an
evangelical organization in the United States, the same one that had been contracted
by the Ecuadorian State to “civilize,” “pacify” and “evangelize” the Aucas, who had
caused so much trouble in the area of the Ecuadorian Amazon provinces of Pastaza
and Napo.

2.2 The Christian God

The SLI entered the Ecuadorian jungles in 1953, forming its first operation center
in Shell, near Puyo. Until then and for many years, as has been explained, there had
not been a peaceful relationship between the Waorani and the “cowuri.” For months,
the missionaries prepared the meeting, dropping from the air (using devices from the
Friendship Air Mission-Aircraft Fellowship Mission) steel materials (axes, machetes,
knives, pots, etc.), intended as gifts for this operation. It was called “Operation Auca.”
Contact was made after a small missionary plane landed on the “beaches” of the
Curaray River and five of them (Nate Saint, Jim Elliot, Pete Fleming, Ed McCully and
Roger Youderian) managed to establish the first camp, which they called “palm beach”
or “playa de palma.” At this site, they wait for the arrival of the group of Auca, to
whom they had dropped gifts from the air. After a few days, a small group appeared,
with which they tried to make peaceful contact [8].
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On January 8, 1956, the missionaries were speared to death. A fact recorded in
documentaries, magazines and books, since when Ecuadorian army forces entered to
rescue the bodies, they found film and photographs that the missionaries had taken
of their alleged murderers. Later, Minkaye, one of the actors in the event, reported
that there was a confrontation between the two groups, and that the missionaries had
shot one of the Waorani, starting the confrontation and the subsequent massacre with
spears [1].

In 1958, Raquel Saint (SLI) and Ellizabeth Elliot (Christian Mission in Many
Lands), sister and wife, respectively, of two of those murdered, returned to the
United States in order to raise money to continue with “Operation Auca.” Indeed,
they did so, and they returned to Ecuador with much more financial support to finish
their project. Later, Raquel Saint met a Waorani woman, on one of Carlos Sevilla’s
properties (Hacienda Ila), called Dayuma, a young woman who had fled with other
members of her family, when her father Kaento was killed by Moipa [3, 8].

The SLI quickly copied it and converted it. Raquel Saint takes Dayuma to the
United States and there presents her as the first Christianized wao. Saint quickly
learned the Waorani language (wao tededo) and together with Elizabeth Elliot
returned to the Tiweno river, with the mission of looking for Dayuma’s family, telling
them about “the goodness of the new God, telling them not to fight anymore, it was
time to fight to change life he did so,” and his return meant the main anchorage for his
group to move to the new area that the SLI missionaries had prepared, the protector-
ate. Dayuma became the emissary of the SLI and the evangelical God, trying to get all
her relatives to gather in a single area and be pacified. From that moment on, the SLI
becomes the protector of the Waorani and maintains intense control and zeal over
their lives [3, 8].

Later, with other Waorani such as Zoila (Wiflame), Minkaye, Kimo and Dawa as
interlocutors, a select group of anthropologists and linguists (James Yost, Catalina
Peeke, Patricia Kelly, Raquel Saint) from the SLI mission entered, to learn the
Waorani culture and language, translate the Bible into their language, evangelize and
civilize them. From this moment begins the modern history of the Waorani; they
would never again be like their warrior grandparents from the tropical jungle; it is the
definitive step to a new world. However, it was from 1968 onwards that the true pro-
cess of reduction of the Waorani by the SLI began. Almost 80% of the clan groups are
convinced to abandon their traditional lands and move toward the so-called Tiweno,
near the famous Palm Beach or Playa de Palma, currently Toflampare [1, 3, 4, 8].

Finally, in 1969, the Ecuadorian State handed over 1600 km? to the SLI, known as
“the protectorate,” which is where they concentrated and began the pacification of
the majority of the Waorani clans. By 1972, most of the clans had abandoned their
traditional territory of residence, moving toward the so-called “protectorate,” which
was located at the southwestern end of their territory. Many were transported by
plane with their belongings, with the move of clan chiefs, thousands of kilometers
were left empty and uninhabited [3, 8].

However, not everyone migrated to “the protectorate,” some groups stayed in
the jungle, continuing with their traditional way of life. The groups of the so-called
“lower Cononaco” that lived near the Yasuni and Nashifio rivers: Nampaweiris,
Wepeiris, Waneiris, Baiwairis, Kempereiris, never moved to the SLI village, remain-
ing in their territories for several more years without contact. This is how the historic
settlement pattern of the Waorani (transhumance) was modified with the “evangeli-
zation” and the simultaneous process of “civilization” that they were subjected to by
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the “missionaries” of the SLI. Currently, the majority of Waorani population groups
settle in the area known as the protectorate [4].

2.3 The last warriors of the Ecuadorian Amazon

Tageiri-Taromenane are the last groups of men and women in the Ecuadorian
Amazon (and possibly the global Amazon) who do not remain in close contact with
national society, either by their own decision in accordance with their cultural norms,
or by flight from their enemies and the effects that Western civilization has on their
lives and cultures. They have Wao Tiriro linguistic belonging and are characterized by
high mobility and uxorilocal parenthood, a form of matrilocality that evidences the
return of Waorani-Tagueiri women to the territory where their parents were born [9].
This cultural trait makes them one of the last cultural groups of tropical humid for-
ests with traditional characteristics in Ecuador. However, relations with their cultural
and linguistic relatives, the Waorani, go through complex dimensions of conflict over
territory. To this relationship must be added symbolic components related to a form
of intragroup violence and war in which a series of episodes of deaths and revenge
have configured complex war geography between Waorani and Pueblos Indigenas en
Aislamiento Voluntario (PIAV) [4].

The Tagueiri were members of the Waorani affiliation who separated more
than 40 years ago and moved among a large jungle area that includes the Nashifio
(Gabaro), Tivacuno (Peeneno), Shiripuno (Keweriono), Tiwino (Menkaro),
Cononaco (Baameno) rivers) and Curaray, which forms a corridor of high seasonal
mobility. It seems, according to testimonies collected in this investigation, that they
were absorbed by another PIAV group known as “taromenane” [1, 4, 9].

These groups are described as hidden or uncontacted peoples who live in the areas
of the Waorani territory and the Yasuni National Park and are defined as extended
Waorani clans or families who have decided to live away voluntarily due to pressure
from their ethnic enemies or due to the pressure that the expansion of the agricultural
and oil extraction frontier exerts on their mobility territories: “They are groups that
maintain high spatial mobility, which allows them to survive with a certain indepen-
dence and isolation, compared to the way in which Waorani families lived before
contact with the SIL, called by informants as ‘durani bai’” [4].

This article proposes that the Tagueiri-Taromenane clan families could not be
classified as hidden peoples, much less “without contact,” since there is evidence of
kinship relations, exchange and symbolic alliances with other Waorani clan groups,
such as the Baiwairis. (the Baiwa people), Kempereiris (the Kemperi people) and
Kairis (the Kay people), three of the Waorani families that control and inhabit part of
the territories of the Yasuni National Park and, specifically, the areas of the Cononaco
rivers (Baameno), Nashifio (Gabaro) and Yasuni (Kawymeno), where there is
evidence of the presence of the PIAV [4].

The spaces of contact, peaceful coexistence or not, between PIAV and Waorani
families, are interpreted on several levels. At the first level, it is related to (a) exchange
of forest products, for example, hunting prey for cassava, banana for handicrafts
or for city products such as machetes, axes, salt, pots, etc., (b) with phenomena
symbolic, referring to exchanges at festivals for good hunting, potential alliances and
marriages and (c) with the war with Niwairi and Babeiri enemies, especially those
who maintain a warlike relationship with these groups and who have maintained a
violent relationship over several years., with stages characterized by times of peace
and times of war and revenge [4].
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The second level of contact would be related to spaces of shared territoriality with
Waorani families. This is the most conflictive space because it produces competition
for resources that are scarce due to demographic pressure and also for territory. The
Tagueiri-Taromenane are characterized by high mobility and the use of large forest
spaces in order to obtain resources for their survival. They imagine that large space of
jungle as their territory, a space that in geographical coordinates would limit between
the banks of the Curaray and Napo rivers.

The situation of the Tagueiri-Taromenane is complex because they are pressured
or surrounded on several fronts. The first refers to the expansion of the agricultural
frontier and the shared and conflictive use of the same hunting and gathering ter-
ritory by Waorani clans. The second corresponds to the oil extraction activities that
have expanded in the area of influence them and that have facilitated the construc-
tion of roads that at the same time allow permanent settlements of settler-peasant
groups near YNP (Los Reyes, Armadillo, Hormigueros), contacted Waorani families
(Miwaguno and Yawenpae) and Shuar-settler families (Tiwano), who increasingly
put pressure on the territories through which these families move (especially those
located between the Tivacuno-Armadillo-Cononaco Chico-Menkaro area) [4].

The future of these families is complex, especially after the massacre in April
2013, their mobility spaces are increasingly reduced and the relationship of vulner-
ability and conflict, resulting from an accelerated reduction of their living spaces
(territory) and potential time for an encounter with enemies is getting shorter
and shorter. A new confrontation with warriors from enemy Waorani families
could eliminate them completely: their extinction is a real possibility. Finally, this
article considers the option of a slow but sustained fission between the Tagueiri-
Taromenane families and the Waorani families, for example, Kairis, Kemperiris
and Baiwairis clans. Libidinal exchange has been one of the survival strategies of
Amazonian cultures; perhaps that is what is happening in the vast jungle areas of
Kewerioro, Baameno, Nashifio, Kawymeno and Curaray in the Yasuni National Park
and the Waorani land.

2.4 Cultural change?

The control of demographics in the Waorani culture was closely related to war and
the extensive deaths between clans that it caused. “Murder or death with spears” was
one of the main drivers of population growth; this could be measured according to

data that James Yost [10] has before contact:

* 44% of Waorani died from intra-clan murders by other Warani or enemy but
families

¢ 12% illness or witchcraft

* 10% were murdered by cowuri (rubber farmers, oil workers and Kichwa
indigenous)

* 12% were kidnapped by landowners
* 8% fled or hid in various places

* 6% snake bite
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* 5% accident

* 2% old age

* 1% unknown

At the time of pacification and subsequent sedentaryization in the protectorate,
the new way of life brought with it an accelerated process of population increase
between 1958 and 1990. According to data from various sources [1, 10]:

* 1958 there were approximately 500 Waorani

* 1980 there were 658

* 1982 there were 715

* 1990 there were 1157

* 1993 there were 1282

* 1996 there were 1580

* 2001 there were 1898

* 20102000

* 2020 3050

Consequently, the growth rate in a period of just over 50 years was more than
300%. The population increase is related to the rapid social transformation of the

Waorani; basically linked to [1, 4]:

* The suspension of intra- and extra-group violence and cycles of inter-clan
revenge.

* The change in settlement patterns, greater sedentarization, little spatial mobility,
construction of towns.

* Reduction in the practices of geronticide (death to the elderly) and infanticide
(death to children).

* Abandonment of polygamy and traditional marriage alliances (Zororate-
Levirate) due to the emergence of modern practices (Cowuri-style marriages).

Starting in the 1970s of the twentieth century, a rapid process of reconfiguration
of the spaces of this group began. From nomadic groups, they become groups with
permanent and semi-permanent settlements, which definitively and forever change
their previous relationship with the forest. Currently, the Waorani settlements are
located in three areas: the westernmost region that corresponds to the so-called
“protectorate,” the same one that was defined by the grouping of families initiated by
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SLI. To the northeast of the ancestral territory on the banks of the Yasuni rivers and
their tributaries, there are also small groups and, finally, the areas of roads penetrated
by the oil industry or block 16 and block 21.

Now, before 50 years of contact, the Waorani territory and the Yasuni National
Park (YNP) are divided into four spaces:

1. A sector dominated by the Kichwa communities located between the banks of
the Napo River and the Tiputini River in the north, and the Curaray River in the
south.

2.The colonized areas on the axis of the oil route are known as “Auca road.”
3.The Waorani territory in block 16.

4.The entrance road to block 16, shared by Kichwa and Waorani.

3. Conclusions

The contact with national society has been characterized as aggressive, since
“homicide and raids mark the uncrossable border between the cowuri and Waorani
worlds.” The social solidarity and cultural unity of all the Waorani are marked by the
true “human beings,” compared to the cowuri, the “non-human-enemy-cannibals,”
however, this interior-exterior dichotomy is also found within the Waorani world. The
introduction of the Waorani into the market economy has intensified in recent years.
Young people work in oil companies, and with the money, they buy objects of Western
culture. This tendency, according to Rival, is the result more than the dynamics of
capitalist commodification, of the influence of the formal institution such as the school
“that represents modernity and its material manifestation, “Western products” [1].

The relationship with national society has been traumatic for the Waorani people
and always violent. There has been a silent war that has caused several clashes and
deaths on both sides. The conflicts with settler groups, other indigenous groups like
Kichwa and Shuar, oil companies and missionaries have generated an imaginary of
violence and savagery among the Wao people... “these are the last savages... they are
brave Indians, you have to go there carefully, they are murderers of birth, few civi-
lized and dangerous” [4].

This imagination has created, in contrast, excessive zeal and care on the part of
foreign and national conservationist environmental groups, which is why the defense
of the Waorani has become the slogan of the struggle of several NGOs, who see in this
group the hope for the conservation of large spaces of tropical humid forest.

For the Waorani of recent contact, the process of relationship with the cuwuri
reproduces a very characteristic relationship with their jungle environment, exercis-
ing the practice of the warrior or collector. Waorani praxis identifies the actors with
whom it is important to maintain a relationship, as a strategy in that conception of
territory of abundance and limitation is where external actors are incorporated, and
with whom the same relationship is established as with the jungle, whether oil work-
ers, settlers, missionaries, formal and informal tourism operators, who are asked for
their “contribution” with products or services [1, 4, 9].

In the historical context, the attacks generated during the first years of the previ-
ous century occurred against indigenous laborers of haciendas that are located on the
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banks of several rivers, such as the Napo in its upper and middle course, Curaray, and
others. Next, and in the context of oil exploration, the attacks occurred against oil
workers, whose victims belonged to several companies that carried out their activities
in Yasuni.

In this context, the State’s limited understanding of diversity has led to the
assumption that all indigenous peoples have a community character, this being
inapplicable in tropical forest societies. The relationship of collecting the resources
provided by the actors that operate in their territory, being no longer a “relationship
of assistance” but rather a relationship in which “collection” practices or actions are
identified and where the Waorani actors establish themselves as “great men” in this
new gathering jungle, different from the traditional space of the elderly where the
defense of the territory, and the experience of the warrior code established the leaders
and socially recognized characters [9].

These great men are Waorani who were children at the time of contact or were
already born in the post-contact era, while the elderly, who lived in a traditional way,
still maintain memories around the “duranibai” where the warrior ethos prevailed,
which configured them as providers and guarantors of family survival in the terri-
tory, which today is reduced to a monetized economy dependent on a salaried job, the
dramatic change from being Waorani to being an impoverished citizen [1, 9].
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Appendices and nomenclature

SLI Summer Linguistic Institute

YNP Yasuni National Park

NAWE Nacionalidad Waorani del Ecuador-Waorani Nationality

PIAV Pueblos Indigenas en Aislamiento Voluntario-Indigenous People in
Voluntary Isolation

YNP Yasuni National Park, Waorani land and principal rivers (home

range): Napo, Tiputini, Curaray, Yasuni, Cononaco, Nashifio,
Shiripuno, Tivacuno, Tiguino
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Abstract

Despite over half of Amazonas’s inhabitants residing in rural areas, few specialized
health services are available to them. Most advanced health services, including
hemodialysis, are concentrated in the state capital, Manaus, leaving those in rural
areas without access to proper healthcare. The population of the interior is devoid of
units of health. This is partially due to the region’s challenging geography, making it
difficult for rural populations to reach Manaus. All surgical hospitals in cities sur-
rounding the capital are publicly funded, with no private healthcare options available
in rural Amazonas. The Lancet Commission on Global Surgery, an international ini-
tiative, has proposed a model for analyzing the health system, especially the surgical
system, to achieve universal access to safe surgery and anesthesia by 2030. Funding is
a crucial factor in making this possible and providing better access to healthcare for
all. A comprehensive analysis of the health system in the state is necessary to guide
public policies, optimize future healthcare investments, and improve access to clinical
and surgical treatments for the population.

Keywords: health systems, health care infrastructure, health care quality, health
provision, health impact assessment, essential health indicators evaluation

1. Introduction

In the late 1980s, the “Health Reform Movement” was launched in Brazil to oppose
the military dictatorship. As part of this movement, the single health system, known
as SUS, contemplated by civil society, is today a successful reform model and an
example of a health system for Latin America [1]. It played a crucial role in the re-
democratization of Brazil and the restoration of citizens’ rights [2]. Reforms in health
system governance and the growth of primary healthcare (PHC) have led to consider-
able enhancements in health service coverage, accessibility, and outcomes [3-5].

The Brazilian health system has a mixed coverage, mixing elements from the
public and private spheres, not only in terms of service provision but also in terms of
funding [6]. It comprises a diverse range of primary, secondary, and tertiary health
services. These services are predominantly funded by public financing, with private
involvement mainly in the secondary and tertiary sectors. Either companies or users
themselves pay for private health plans.
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The organization and delivery of health services are divided into Primary care,
Secondary care, and Tertiary (hospital) care. The first is the public sector, where the
government provides financing and services at municipal, state, and federal levels,
including healthcare for military employees. The second sector is the private sector,
which includes for-profit and non-profit organizations. These services can be paid
for with public funding or directly by the user. The last sector is private health plans,
which offer various premiums and tax subsidies. Although distinct, the public and
private sectors are interconnected since users can access both, and financing can come
from either the government or the user. The private health sector provides additional
hospital and outpatient services alongside the public system. Most of the funding
comes from public sources, with other private contributions. Health plans are mainly
used by employees of both public and private companies [2].

The primary health care model intends to offer universal access, and the Family
Health Program (Programa Satide da Familia -PSF) has been the primary strategy for
structuring municipal health systems. It consists of a program composed of several
primary health care units, containing medical and nursing professionals, distributed
among the municipalities, aimed at primary disease care, such as systemic arterial
hypertension, diabetes mellitus, and care for pregnant women, among others. The PSF’s
primary goal is to organize small health units in each city’s health districts that cater to
families and communities. These units focus on preventive measures and health promo-
tion. Additionally, they act as a triage system for secondary and tertiary health levels.

One of the significant challenges in the healthcare system is at the secondary level.
This level comprises units responsible for conducting various types of medium and
high-complexity exams. These services have a limited supply and are mainly for the
private health plan sector [7, 8]. Access to equipment in the public healthcare system
is limited, with only 24.1% of computed tomography devices and 13.4% of magnetic
resonance devices available for public use. The situation is even more challenging
at the tertiary level, where highly complex and costly surgical procedures are per-
formed. Public university hospitals and private hospitals contracted by the govern-
ment are responsible for providing these services, adding to the challenges [9].

The State of Amazonas is one of the seven states in the North region of Brazil. It is
located in the central part of the country’s northern region and is part of the Amazon
Biome. It is part of the Legal Amazon, together with the states of Amapa, Acre,
Tocantins, Ronddnia, Roraima, Pard, north of Mato Grosso, and west of Maranhio. It
borders Venezuela and Roraima to the north, Colombia to the northwest, Para to the
east, Mato Grosso to the southwest, Rondénia to the south, and Acre and Peru to the
southwest (Figure 1). It is the country’s largest state in terms of land area, covering
1,559,161.682 square kilometers and 62 municipalities. It also has 97% of its forest
cover preserved, in addition to about 12% of the total fresh water in the world, being
considered therefore the largest freshwater reservoir on the planet [10]. The total
population, according to the last census carried out in 2022, is 3,952,262 inhabitants,
representing about 2% of the country’s population, who live primarily in urban areas,
with more than half (2,054,731 inhabitants) residing in the capital and has the second-
lowest demographic density (2, inhabitants per km?) among the Federation Units [11].
This entire population is distributed in 9 health regions, described in Figure 2.

The vast expanse of Amazonas state poses significant challenges for its healthcare
system. Transportation between cities is primarily through rivers, which can take
hours or even days. Small aircraft are also used but are expensive and not accessible
to most people. Only a few cities have highways connecting them to the capital [12].
Because of the diverse population distribution in the state, health management
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Figure 2.
Map of Amazonas distributed by health vegions and their municipalities.

requires a resourceful and expensive approach. This involves transporting patients by
boats and planes, utilizing telemedicine, and relying on surgical missions.

Although there are hospitals in rural communities throughout the state, there is
aneed for more advanced facilities for major surgeries and specialized exams, like
magnetic resonance imaging [10]. Complex hospital units are limited in their ability
to provide essential surgical procedures and emergency surgeries due to a shortage in
the surgical workforce. Surgeons, obstetricians, anesthetists, and surgical nurses are
particularly affected. Despite their skill, they often lack the necessary equipment to
perform complex surgeries. This is due to a lack of specialized professionals, infra-
structure, and access to material and financial resources. As a result, service provision
is often precarious [13].

For many, access to secondary and tertiary-level hospitals requires days of travel and
high transportation costs, which is often unfeasible for a large part of the population.
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2. Major health indicators

Brazil is an upper-middle-income country that, despite its universal health cover-
age scheme, has dramatic regional variations in healthcare access and quality [14, 15].
Within Brazil, the state of Amazonas is one of the poorest states with the most signifi-
cant challenges in accessing health care, mainly due to limitations in workforce and
infrastructure [16]. The state’s inadequate diagnostic services may worsen challenges
in providing safe, timely, and affordable care.

The Lancet Commission on Global Surgery (LCGS), an international initiative,
has proposed a model for analyzing surgical systems. In its Global Surgery 2030
report, published in May 2015, the Commission describes its vision of universal
access to safe surgery and anesthesia and establishes that funding is essential for
its viability, providing better access to all [17]. To achieve this level of access, the
Commission proposes a two-step analysis method: first, it proposes six indicators
to assess the strength of a region’s surgical system—timely access to essential surgi-
cal care, number of surgical teams, volume surgery, perioperative mortality rate,
protection against impoverishment, and protection against excessive expenses
[18]. These indicators aim to quantify the preparation and capacity of the Surgical
System and the system’s ability to protect patients against financial risks. Second,
the commission proposes structuring the surgical system that considers regional
characteristics and contexts in a particular way. The main components of this plan
are: 1—infrastructure, 2—workforce, 3—provision of services, 4—information
management, and 5—financing [18].

To assess the quality of a healthcare system, a qualitative and quantitative mixed
methods Hospital Assessment Tool (HAT) was developed [19]. The HAT tool was
developed jointly with the Global Surgery and Social Change Program and the World
Health Organization (WHO). The instrument assesses the infrastructure of a surgical
system, service delivery, workforce, information management, and funding through
hospital interviews, reviews of medical records and surgery books, as well as inter-
views with unit directors and some providers responsible for surgical care (surgeon,
anesthetist, obstetrician, nurse, and hospital managers). An initial HAT pilot project
was conducted in Cape Verde, Ethiopia, and India. The tool was then adjusted and
validated by 18 experts (Delphi consensus) [20].

The tool has been recently used in Brazil’s largest state, Amazonas, which also has
more difficult logistical characteristics, to identify priority areas for system improve-
ment and health policy changes, as perceived by patients and local providers. The
tool’s implementation involved a partnership between the University of the State of
Amazonas (UEA), Harvard Medical School, and the University of Sdo Paulo (USP).
Understanding this region’s deficiencies and strengths helped identify the main gaps
in the delivery of medical services in the state.

2.1 Health infrastructure

A peculiar characteristic of the state of Amazonas refers to its geography since it
is crossed by several rivers. This makes access to cities very difficult. Because of this,
the general infrastructure of hospital units in all cities is quite deficient. We can see
a direct reflection of this geography when we observe that all hospital units in these
cities (except for the capital) are public, with no private medical assistance at the
hospital level outside the capital Manaus.
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Figure 3.
Basic health unit working as a hospital.

These hospitals generally provide clinical, surgical, obstetric, and pediatric care.
In some cases, such as in the city of Careiro da Vdrzea, located close to the capital and
with an estimated population of 30,846 people, only primary health care is provided,
with no capacity to perform surgical procedures (Figure 3).

Our study shows that district hospitals in low- and middle-income countries often
experience water, oxygen, and electricity shortages, whereas our findings indicate
better infrastructure [21-23]. According to the survey conducted, almost 95% of the
hospitals located in the Amazonas interior are equipped with piped water and a con-
sistent supply of electricity. However, only one hospital provides channeled oxygen,
while others rely on cylinders. Essential radiology services are available 24/7 in 83.3%
of the hospitals, while half of the units always have ultrasound services available [13].
Computed tomography or magnetic resonance imaging equipment is available in only
one hospital [24].

The biggest problem found regarding infrastructure refers to the number of hospital
beds. Among the 18 hospitals surveyed, there were a total of 620 beds available, with an
average of 34 beds per hospital (ranging from 4 to 102). None of the hospitals included
in the study had an intensive care unit (ICU). Most hospitals had 1-2 operating rooms
(as shown in Figure 4). Three hospitals (16.7%) had no operating rooms [13].

2.2 Medical workforce

From 1970 to 2011, the population of physicians grew by 530% in Brazil. In that
same period, the Brazilian population grew by 104%. The speed of evolution of the
doctor/inhabitant ratio will be further accelerated with current government policies
that have considerably increased the number of medical vacancies [25].

In 2011, a resident of the capital of any state in the South and Southeast had four
times more doctors than a resident of any other region in Brazil. The federal govern-
ment publicizes that the problem is the general lack of doctors in Brazil, expressed in
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Figure 4.
Typical remote hospital operating room.

a single rate for the entire country. But the problem is another: the inequality in the
distribution of physicians, with a super concentration of physicians in the private
sector and different cities and regions [26].

The differences stand out even more when the capitals are separated from the cit-
ies in the interior and when the population strata group municipalities. For example,
65.9% of Brazil’s physicians practice in capitals, while only 24% of the national
population lives there [27]. An extreme example is that of Amazonas, where 93.1% of
doctors are found in the capital, Manaus, which, in turn, is home to just over half of
the approximately 4 million inhabitants of the state. Likewise, only 56% of practicing
physicians in the North completed residency training, compared to 78% of physi-
cians working in the country [27]. Of the 4844 doctors in Amazonas, 4508 are in the
capital, and 336 (6.9%) serve 62 municipalities spread over an area of 1.57 million
km?®. Doctors from Amazonas represent 1.1% of the total number of doctors in the
country [28].

In Brazil, the government’s health scheme (SUS) is one of the world’s largest public
health care systems, aiming to provide universal health coverage to all Brazilians [27].
However, the major problem is related to the workforce at regional levels. Availability
of specialist care varies by region, as only 56% of physicians in the North complete
specialist training compared to 78% in the Southeast [15, 27].

In Amazonas, when analyzing the data collected directly in the hospitals of each
city, it is notable that the workforce, especially in the surgical specialties (surgeon,
anesthesiologist, and obstetrician), is the biggest problem. The surgical workforce
across the state of Amazonas remains limited, with a density in the sampled regions
of 6.4 per 100,000 compared to a target of 20 per 100,000 [17]. This density is
lower than Brazil’s overall density of 34.7 per 100,000 and interestingly, it is much
lower than the modeled estimate for the northern region of 18.42 and for the state of
Amazonas itself which is 23.82 per 100,000 inhabitants, highlighting the need for
validated assessments at the local level [15, 29]. Some of these differences could be
explained by the fact that 90% of the surgical workforce is concentrated in Manaus,
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the state capital, while in the rest of the country, just over 50% of the surgical work-
force is focused on the state capitals [29].

Surgical workforce shortages, particularly in resource-poor environments, often
lead to healthcare providers performing procedures without adequate training. Due
to a lack of anesthesiologists, some surgeons perform anesthesia for their operations.
Another observation was that there are some situations where non-surgeons routinely
practice surgery and non-physicians perform procedures, often needing more train-
ing or supervision.

2.3 Service delivery

It is possible to make important considerations regarding the available supply
of health services in Brazil. The majority of hospital services are privately owned:
62% of establishments with hospitalization and 68% of beds in the country. An
even greater concentration is observed in relation to units providing diagnostic and
therapeutic support services—SADT (92%). In contrast, most outpatient units (78%)
are state-owned [6].

National surgical volume is an important parameter to assess the quality of
medical services provided and correlates with maternal mortality rates MMRs. The
countries with a surgical volume above 5000/100,000 have the lowest MMR [18, 30].
Simply measuring the total volume of surgeries performed does not ensure that neces-
sary surgeries are carried out safely and on time. However, it is generally assumed
that countries with higher surgical volumes also have higher rates of emergency and
essential procedures [31].

In Brazil, the public sector alone performs 4337 surgical procedures per 100,000
people, which is close to the suggested minimum of 5000 procedures/100,000 [15].

It is crucial to examine the quality and case mix of surgeries, as well as personnel
appropriateness. In particular, selective overprovision of surgeries such as Cesarean
section [32-34] may be harmful to patients and draw resources away from the provi-
sion of other necessary procedures.

The low concentration of specialist physicians is reflected in the low volume of
consultations and surgical procedures performed in remote hospitals in the interior of
the state. The average number of surgical procedures performed in the capital Manaus
is about 60 times greater than in the rest of the municipalities, much lower than
the target proposed by one of the LCoGS indicators, which is 5000 operations per
100,000 people [13, 18]. This demonstrates the almost total dependence of the state
on the capital for surgical care.

2.4 Health information management

Since SUS was implemented, several tools have been built to meet the Public Health
demand, constructed by collecting data from the various information systems. The
main tool comes with the creation of DATASUS in 1991, whose data provides concrete
justifications for a series of public policies in health. The information acquired from
the different systems of information comes with creating a department where it is
possible to store large amounts of data, which can support public health policies [35].

Health Information Systems (SIS) are instruments that, through the processing of
data collected in health services and other places, support the production of informa-
tion for a better understanding of problems and decision-making within the scope of
policies and care in health [36]. In Brazil, when these systems have national coverage,

69



Amazon Ecosystem — Past Discoveries and Future Prospects

they are called national data sources under the management of the Unified Health
System (SUS), SIS with national coverage or national base, with custody of the data and
software maintenance usually under the responsibility of the Ministry of Health [37].

An important point identified in the evaluation of data directly in the units was
the observation of information that differed from that found in the database of the
Ministry of Health (Datasus) [24], such as, for example, the description of surgical
procedures performed in the hospital unit of the municipality of Careiro da Varzea,
which functioned only as a basic health unit, not performing any surgical procedure.
This highlights the importance of this database and the need for proper feeding of
this database.

2.5 Financing

In Brazil, the financial transfer to health service providers is carried out by the
level of government responsible for its management, which may be municipal, state,
or federal. Assessing the quality of a healthcare system involves considering general
healthcare spending as one of the main factors. The total health expenditures in Brazil
are similar to those in other Latin American countries. However, public spending needs
to be improved for such a broad health system, leading to an overwhelming burden on
the users [1]. When we compare public health expenditures, Brazil has one of the lowest
proportions, around 46%, while Latin America and the Caribbean average 51.28%. In
upper- and middle-income countries, these expenses rise to 55.2%, and the Organization
for Economic Cooperation and Development countries recommends that these expenses
should be around 60%. It is important to note that although private health plans can
compensate for low investment in public health, they can also be a significant financial
burden for families, accounting for approximately 50% of private health expenses [38].

Regardless of which sphere performs the payment, SUS uses the same informa-
tion system for Outpatient Services (SIA) and another for the Hospital Information
System (SIH). Although the payment for the service provided is decentralized, in the
specific case of hospital admissions, the processing of information by SUS is carried
out centrally by DATASUS. Thus, the entire public system uses a single price list,
defined by the Ministry of Health, for payment to health service providers [39].

In Amazonas, most remote hospitals receive funding from the government, vary-
ing according to hospital production and surgical procedures performed in the units.
Therefore, there are no direct expenses for the user. However, costs such as commut-
ing, abstaining from work, and purchasing medication cannot be measured using the
tool (HAT). In most developing countries without a public health system, the expense
of surgery acts as a roadblock for people looking to receive prompt surgical treatment.
It is a significant factor in their decision not to seek medical attention [40-43].

3. Conclusions

To ensure that the population of Amazonas outside of Manaus has access to
safe, timely, and affordable healthcare, it is essential to evaluate health indicators
at the state level and develop a plan for implementing public health policies. This
is especially important given the unique geosocial makeup of Amazonas and the
limited state authority on health. It is also important to assess hospital infrastructure
in remote areas to identify areas for improvement and understand the barriers the
remote population faces in accessing surgical care.
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Chapter 6

Perspective Chapter: The
Economics of Biodiversity and
a Pragmatic Science for the
Development of the Amazon
in the 21st Century

André Luis Willerding

Abstract

The use of knowledge of nature based on science and technology should be the
way to economically and socially just inclusion in a new model of development of
the region, generated from local conceptions but integrated with the new demands
of current and future societies of the planet. Therefore, it is necessary to improve a
new economy based on innovation and the sustainable use of biodiversity to generate
wealth for the Amazon region and avoid activities such as cattle ranching, soy and
illegal logging. The Amazon is facing a major challenge between continuing to grow at
relatively low rates with a high cost to the environment and a deep social depression,
or changing this pattern of development and pursuing environmentally sustained and
inclusive economic growth to ensure the supply of environmental goods and services
on which the well-being of the planet depends.

Keywords: bioeconomy, social development, Amazon, sustainability, biodiversity

1. Introduction

Fostering a new economy based on innovation and sustainable use of biodiversity
can generate up to five times more wealth for the Amazon region than the activities
currently practiced in the biome, such as livestock, soy, and logging [1]. What should
be sought for the Amazon is a proposal for a new model of economic development
generated from local needs and conceptions but integrated with the new demands of
the current and future societies of the planet. The idea is to stop deforestation with
the application of knowledge of nature to society and create an economic system
based on this knowledge and innovation for the various products or services that
biodiversity offers.

Currently, the Brazilian economy is very dependent on global trade in agricultural
commodities and minerals, with an intensive carbon emission, high consumption of
pesticides, and a low value-added agriculture. The situation gets even worse when this

75 IntechOpen



Amazon Ecosystem — Past Discoveries and Future Prospects

system reaches the Amazon, which looks for cheap land and increases deforestation
and fires, promoting the emission of greenhouse gases.

With regard to decarbonization, a characteristic of the bioeconomy, Brazil can
lead this global process, and the reality and necessity impose this new paradigm.
Decarbonization refers to the reduction in the use of direct and indirect derivatives of
fossil fuels, as well as the reduction of methane emissions in the production of goods
and services. When compared with other parts of the world, the Amazon presents
itself with good conditions for the so-called green economy, since it has the largest
continuous area of tropical forest in the world, an abundance of water, sunlight, and a
forest-based economy with great potential to grow.

However, it is not a simple and trivial discussion to try to bring up these
medium- and long-term issues. After all, what kind of economy will the Amazon
have in order not to miss the Fourth Industrial Revolution underway in the twenty-
first century? [2] Although to discuss this, it is still necessary to solve the mishaps
of incomplete or imperfect modernization that presents itself with the lack of
infrastructure and logistics, for example. Therefore, what should be discussed is
how to take advantage that the Amazon region has, especially in Brazil, to lead this
bioeconomy, with the integration between crops, livestock and forest with their
non-timber products.

Today, the world context is shifting from mass production to specialization, with
the growth of agricultural products for specific market niches and with the use of
biomaterials, nanotechnology, and biotechnology. At the same time, the growing
consumption for the “natural,” toward organic agriculture and biotechnology in addi-
tion to the use of other natural resources with unique characteristics, also encourages
this transition.

What's really driving this paradigm shift? The transition from mass
production technologies (including petroleum and its derivatives) to an age of
“smart” information and communication technologies that are transforming all
aspects of society [3].

From an economic and financial point of view, this specialization of production,
unlike mass production, achieves higher profit margins. For this, science, technology,
and innovation will be crucial to achieve this goal.

Thus, as this transformation spreads, consumer expectations also change, and this
creates immense potential for the region.

Currently, there is a strong demand to find a solution to export “exotic” tropical
fruits, develop nutraceutical plants and foods, identify medicinal virtues in little-
known plants, and obtain molecules of very high value (fine chemistry) or new
processes from green chemistry. These new parameters can be obtained with scien-
tific advances that can open new horizons for local companies and innovators [4].

Biotechnology is another area ripe for innovation. They are identifying and devel-
oping microorganisms to serve many purposes, such as biological control, promotion
of plant growth, biomining or digestion of oil spilled into soil or water, or applica-
tions in the area of health in the search for new active principles, not to mention the
potential of fine chemistry from this microbiome. All of these changes are happening
in the midst of an environmental crisis. Learning how to manage natural resources
and use them to create wealth, reduce poverty, and promote a sustainable economy is
the urgent task.

“Smart” green technologies are already being developed from new renewable
energy sources to the creation of renewable materials. But for this to become a real-
ity, that is, prioritizing solutions as part of a new “smart green” economy, a broad
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consensus is required, with bold and imaginative public policies that facilitate this
transformation. It is necessary to use natural goods in the light of technologies.

From this conception, the energy sector, agribusiness, biomaterials, and the non-
timber exploitation of the forest are key sectors in the transition to a green economy
in the Amazon. One of the ways to discuss this is the new way to consolidate a low-
carbon economy with the possibilities of new industrial sectors—bioindustries.

However, one of the major obstacles to the transition to a green economy is the
lack of a regulatory framework on the use of environmental services and tangible
biodiversity assets such as carbon pricing and emissions certification. As for access to
the genetic heritage of biodiversity, in Brazil, the new legal framework for biodiver-
sity, embodied by Law No. 13,123, of May 20, 2015, and Decree No. 8772, of May 11,
2016, dictates the rules today. These measures, in general, can generate value along
the respective production chains.

However, while part of the world invests in a new industry that produces more,
saves energy, and thus causes less environmental impact, Brazil seems to remain stuck
in this transition, as it has a technologically outdated manufacturing park and a tax
burden that makes national production less competitive with the outside world and
curbs the investments needed to leverage innovation.

One of the ways to incentivize investment to finance “green” industry is to tax
carbon emissions. Activities that pollute less will be more competitive and will have
greater financing possibilities for this transition. The bioeconomy in the Amazon is
moving in this direction, but as long as the country bets on non-value-added com-
modities, few benefits will be generalized to society at large.

However, this scenario has changed in recent times due to the speed of technologi-
cal advances and changes in business models, driven by factors such as economic
and political crises, the environmental crisis, and the growth of the so-called digital
economy. In other words, there is more desire to make this transition through oppor-
tunities than through threats to the financial health of companies. An example is the
cosmetics industry, which seeks to exchange synthetic inputs for natural substances
from its inputs [5].

The green economy can reduce both environmental risks and production costs.
When tax incentives occur, the tendency is to increase the profit margin. This will
cause positive impacts for companies (image, for example) in addition to reposition-
ing companies through the production of new products and services. Therefore, the
use of clean technology and green chemistry can be new sources of income. For the
transition to a green economy, there is a need for public policies, a lot of innovation,
and market instruments to make these products more viable and attractive. Thus, the
low-carbon economy agenda is also an efficiency and productivity agenda.

Thus, directing the public policy of science, technology, and innovation for the
economic, social, and environmental development of the Amazon involves bringing
science to society adapted to a local reality and with high economic potential, which
can serve as a portal to a pragmatic science based on the need to revert to society the
use of knowledge in income generation.

2. The role of bioeconomy in the social, economic, and environmental
development of the Amazon

For the real development of the Amazon, it will be necessary to apply the
knowledge of nature based on science and technology as the path to an economic,
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environmental, and socially just inclusion of the region. The great challenge will be
to produce sustainable technologies, train people to use the technologies, seek ways
to conserve the forest, and, at the same time, leverage a bioeconomy as a tool for the
rational use of its biodiversity. To transform scientific and traditional knowledge into
technological innovation, through the formation of networks, in partnership with
local actors, for social inclusion, economic development, and conservation of the
forest and aquatic environment of the Amazon.

The great demands in the bioeconomy of the region go through the search for
solutions to the regional structural problems important for the development of the
Amazon, involving a holistic look at the health of the man of the forest, the rational
use of natural resources, and the training of the young people of the twenty-first
century aiming at the use of the forest with the maintenance of its environmental
services. Thus, the goals and proposals elaborated should meet the current discus-
sions between the countries that hold the forests and the donors of resources in
how to treat the relations between the preservation of biomes and the use of land
in a sustainable way for economic and social development in addition to the need to
maintain the global temperature target. And as a premise, to strengthen relations with
all Amazonian actors in the search for the common good for the region..

3. Why the Amazon?

Knowledge of Amazonian nature based on science and technology is the path to
economic, environmental and socially just inclusion. Producing sustainable tech-
nologies, training people to use the technologies, and seeking ways to conserve the
forest and rivers should serve as indications to leverage a bioeconomy as a tool for
the rational use of its biodiversity. With this, the Amazon intends to become a global
reference for technological innovation through the use of the information contained
in the forest. As a great challenge, to transform scientific and traditional knowledge
into technological innovation, through the formation of networks, in partnership
with local actors, for social inclusion, economic development, and conservation of
the forest and its aquatic environment..

The continental Amazon is the last large continuous surface of tropical forests
on the planet; its area of 7.9 million km” represents 5% of the planet’s land surface.
The Amazon basin covers about 7.0 million km?, of which 5.5 million km? is covered
by forest and most of it is in Brazil, with 60% of the rainforest, followed by Peru
with 13% and Colombia with 10% in addition to Bolivia, Ecuador, French Guiana,
Guyana, Suriname, and Venezuela. This Amazon rainforest represents one-third of
the world’s tropical forests, in addition to containing more than half of the planet’s
biodiversity [6].

Humanity has been relating to this region for a long time due to its riches and
potentialities that contribute to the most diverse purposes. But greed has ravaged
her as a disastrous way of seeing and exploiting her. Under this aspect, the need to
understand how to work with the forest and its biodiversity, with water and with the
Amazonian man, comes to the fore, which implies several social, environmental, and
economic aspects.

The bioeconomy will have an important role in the twenty-first century, and
there is in the region a great wealth that will provide sufficient material for research,
studies, drugs, food, and cosmetics in a molecular universe practically still unknown,
in addition to the mineral potentialities. That is, this diversity of natural resources
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is a real treasure, which emerges among the global environmental issues along with
climate change, with the devastation of the forest for monocultures and livestock in
addition to the pollution of aquatic environments, by illegal mining and lack of basic
sanitation.

The maintenance of the “standing forest” in the Amazon is fundamental for nature
and responsible for the balance of ecosystems and maintenance of the hydrological
cycle on a global scale, in addition to the conservation of biodiversity being important
for the economic potential it represents. The most consistent argument in its favor is
aimed at halting the process of deforestation. This becomes extremely difficult if the
Amazonian populations are not offered alternatives of quality of life superior to those
that are available today and that degrade the environment. Therefore, the conserva-
tion and rational use of natural resources constitute the starting point for environ-
mentally correct, socially just, and economically viable development.

For this, it is necessary to know the complexity of the different Amazonian
ecosystems, as well as basic studies on the characterization, economic valuation, and
rational use of their biodiversity.

On this aspect of tension, the Amazon is inserted as an important pole of natural
resources, making the technical-scientific development fundamental as a tool for
the social and economic development of the region with a way to generate income
and, above all, so that there is the maintenance of forest conservation, allowing the
improvement in the quality of life of the populations that maintain the knowledge of
nature.

4, Man in the Amazon

Although there are few studies on the origins of man in the Amazon, archaeology
shows that it has been colonized by populations of hunter-gatherers and unskilled
fishermen since the late Pleistocene, perhaps some 12,000 years ago. Archeological
evidence shows that these populations were adapted to the tropical forest and had
habits improved over time to exploit Amazonian resources, domesticate, and/or man-
age different plants in association [7].

Currently, 50 million inhabitants live in the Amazon Basin, including the pres-
ence of more than 300 indigenous peoples (9% of the total population) with some
ethnicities still isolated [8]. With a population of this size living in an area with
diverse social, environmental, and economic needs, the environmental impact that
affects the entire forest is inevitable. The “Ecological Footprint” that the Amazon has
been suffering from the twentieth century to the present day has no comparison with
any other time in its history, and some areas are already emitting more CO2 into the
atmosphere than they can absorb [9].

With the scale of deforestation increasing in Brazil, the risk of a point of no
return is very high, promoting the loss of the environmental function of the Tropical
Rainforest. According to official data [4], deforestation in the Amazon in Brazil
presents 470,382 Km’ and only in 2021, the deforestation rate reached 13,235 km? and
reached the worst level in 15 years. The current situation in the region encourages log-
gers, ranchers, and criminals to deforest the forest and invade public areas and harm
indigenous peoples, especially as illegal mining [4]. And scientific data indicate that
about 17% of the Amazon rainforest has been destroyed. Research suggests that when
it reaches about 20 to 25% (therefore, 3-8% more), an inflection point (point of no
return) may occur to transform it into a non-forest ecosystem such as savanna [9, 10].
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Colombia has lost 1.3 million hectares of forests, caused by deforestation as a
result of the expansion of agricultural frontiers—illegal and illegal—colonization,
illegal mining, logging, and forest fires [11]. The Peruvian Amazon lost more than
1.2 million hectares, and 2020 was the worst year in history with the devastation of
200,000 hectares of forest with deforestation of the forest and irregular mining and
contamination of water with chemicals and heavy metals [12].

To change this picture of high vulnerability, the development of the region has to
be directed in investments in three main types of capital: human capital (health and
education), infrastructure (digital power and transportation), and companies (bio-
business). The poor countries that make up the Amazon have low levels of these types
of capital. On the other hand, this difficulty can be an opportunity and a potential to
grow quickly with investments in each of these strategic points. Today, this growth
can and should be green and digital in a low-carbon economy [13].

5. The economic and environmental value of the forest

As an environmental service, the Tropical Rainforest in the Amazon acts as a giant
“air conditioner,” reducing the Earth’s surface temperatures and generating rain that
exerts a strong influence on the atmosphere and circulation patterns on a global scale.
When returned to the atmosphere, a part of this moisture generates aerial currents
known as “flying rivers” that transport about 20 billion T of water daily and the
Amazon River 17 billion T of water to the ocean [10].

This profusion of natural water pumps from the forest ensures daily rainfall in the
biome, in addition to regulating the entire rainfall regime in Brazil and other coun-
tries in the region. The deregulation of this system by deforestation causes tempera-
tures to be higher and dry seasons to be more prolonged [9]. The increased occurrence
and period of these dry seasons is what is leading to the “point of no return” of the
forest in the region.

How to prevent the Amazon rainforest from losing its ability to feed back rainfall?
In a scenario of weak governance, the southern region of the Brazilian Amazon could
lose 56% of its forests by 2050 [9, 10]. With the capacity to absorb carbon decreasing,
the service that the Amazon rainforest provides to the planet is decreasing, and this
increases the climate crisis on a global scale [14, 15].

For the Amazon, the current challenges in economic, environmental, and social
issues lead to a dilemma: (1) continue growing at relatively low rates with a high cost
to the environment and a deep social depression or (2) change this pattern of develop-
ment and seek sustained and inclusive economic growth to ensure the provision of
environmental goods and services on which the development of a country and the
well-being of its society depend [16]. The bioeconomy can contribute substantially
to sustainable development by increasing the quality of the raw material produced by
the forest, food security, and environmental health [17].

Within this context, it is important to emphasize and discuss the Amazon bio-
economy on the agenda of a “Pan-Amazonian Policy of Payment for Environmental
Services” that will allow, in a transnational way, the actors of the value chains to adopt
ecological actions in the management of the forest and its environmental resources in
exchange for resources for their economic activities. This concern with ecosystem ser-
vices has always been seen as an obstacle to investments, but it is necessary to reverse
this scenario by adopting ecological actions in exchange for financial resources.
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Starting an effective transition to a green economy requires the participation and
investment of the public and private sectors in different areas, including agriculture,
energy, forestry, tourism, transportation, manufacturing, and city infrastructure.
Some of the investments to be encouraged are renewable energy technologies, energy
efficiency in homes and bioindustry facilities, water reuse, wind energy, and efficient
means of transport that converge to the valorization and maintenance of ecosystem
services. This lack of attention to these markets possibly reflects the reluctance of
governments to be seen as players in this shift. One of the challenges is to adapt the
complexity of the value chains in this transition with the fossil economy [18].

In this sense, the viable economic activity for the Amazon goes through a decen-
tralized bioeconomy with a network of industries and teaching and research institutes
acting in technological innovation and adding value in the processing of non-timber
products [15]. However, the reality shows the lack of knowledge of the mechanisms
of a forest-based economy that takes into account an operational technical need for
the use and conservation of the forest and its systemic environmental services of the
forest. This is the challenge for the twenty-first century Amazon.

6. Strategies

The production of knowledge is based on the fact that one is studying systems
consisting of a large number of agents, which integrate to produce adaptive survival
strategies for the components of the system and for the system as a whole. The
current demand is to work on a management model with shared and collaborative
public—private partnership, in order to promote interaction between the various
actors, institutes of science and technology, research and development centers, and
local, national, and international academies, adding efforts for the development of
strategic areas of the Amazon bioeconomy. Thus, the actions must have well-defined
focuses and consider that there is a system consisting of elements that interact with
each other and that is self-arranging for its sustainability and achievement of its
goals. This requires the observance of the phenomenon to be studied holistically and
multidimensionally [4].

An important issue is to encourage a management of research, development, and
innovation in strategic areas considering the critical mass available, the local research
infrastructure, the graduate programs, and the direction of the solutions of the exist-
ing “gaps” for the production of a chain of knowledge that develops its processes and
products from beginning to end, aiming to meet the specific demands of the market
and, above all, that fixes man and strengthens a forest-based economy.

Thus, strategic partnerships between the various actors of the region must occur
to generate and support enterprises, production of goods and services, innovative
solutions, contribution to the quality of critical mass, technological development,
and industrial and intellectual production, bringing together public and private
institutions. These are necessary bases of action to solve various problems of the
populations and make the Amazonian bioproducts more competitive and with
market potential.

Another important action is to attract investments for the training of human
resources and contribution to training programs, development, and training and
fixation of specialized professionals (technicians, specialists, masters, doctors, manag-
ers, and entrepreneurs) who carry out activities in support institutions, government,
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science and technology institutions, companies, and investment institutions, among
others, establishing mechanisms to supply critical mass that respond to specific
demands.

The training of the young people who inhabit the various cities of the Pan-
Amazon should be the main factor for the conversion of the logic of forest use. To
this end, interactions with science and technology institutes are extremely important
for the academy to respond with the training of People and Innovation, Technology
and Market so that there is social and economic growth in the region in a rational and
universal way.

The purpose of this discussion is the construction of a strategic agenda that will
define the actions and priorities in the bioeconomy in the Amazon. The starting point
for the development of the work is the elaboration of the demands anchored in the
knowledge of those who work directly with the value chains in the Amazon. For this,
it is necessary to strengthen and expand the information bases to suggest lines of
actions/projects/research related to technological and market demands to strengthen
the main value chains. The dialog to be conducted between different sectors, includ-
ing public policy makers, academia, civil society, and the private sector will serve as
a panorama for various actions that can be carried out by the public power and/or the
private initiative and with the inclusive participation of local society. Such answers
will come from a multidisciplinary view on the various themes and issues pertinent
to the bioeconomy of the region. This electronic form will serve as the first tool for
guiding the priorities of the various issues and themes to be addressed.

7. Human resources training

Involve high school, technical, and technological institutions, in network, in the
formation of young people for the Pan-Amazon of the twenty-first century to con-
tribute to the design and implementation of professional training models appropriate
to Amazonian issues. For this, it is important to strengthen and expand training
and extension programs for the sustainable development and conservation of the
Pan-Amazon and to facilitate the mobility and exchange of researchers and students
participating in activities related to the sustainable development of the Amazon.
Another challenge is to promote mechanisms to stimulate the establishment of
qualified personnel for scientific and technological production in the Pan-Amazon,
with empbhasis on strategic sectors in line with regional, national, and international
cooperation, which enables the creation of thematic networks, minimizes efforts,
and stimulates integrated scientific initiatives for the study of the environments and
biodiversity of the Amazon.

The creation of new teaching modalities and innovative approaches on bio-
diversity with the strengthening of entrepreneurship, as well as the creation of
transdisciplinary poles and educational centers of excellence, demands large-scale
public—private financial incentives. The development of the bioeconomy depends
on new technologies based on local knowledge. For this reason, the principles of
sociodiversity in the Amazon are fundamental to begin the transition to a sustain-
able economy. In parallel, education must remain connected with the global ST&I
ecosystem and ensure cognition processes for Amazonian students. These educational
models can provide local talents with the competencies to meet the demands of each
micro-region and international markets [13].
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8. Training of young people from the interior of the Amazon region for the
needs of the Bioeconomy

Prepare high school students for jobs in the region and meet the training needs of
young people, allowing them to undertake for the development of the bioeconomy
and support state networks and federal institutes present in the Legal Amazon to
implement technical and professional training focused on the main value chains of
the bioeconomy..

9. Strengthening the value chains of the bioeconomy in the Amazon

The components of the production chains will be analyzed locally, and the
inhibitory and high-performance driving factors will be identified to propose solutions
that respond to the identified problems. The method used will be the case study, ana-
lyzed with a multidisciplinary view, considering the three units of analysis proposed in
the agreement: agai, Brazil nuts, and guarana, but other important units such as cocoa
and pirarucu may be inserted. This primary analysis of the situation aims to identify
critical factors to increase the competitiveness of productive chains with consumption
potential in the markets and for the generation of employment and income.

10. Generation of sustainable biobusinesses in the Amazon

Sustainable practices bring competitive advantage to Brazil and the national
productive sector, which must be increasingly committed to an inclusive economic
model and that is also established with the inclusion of an Amazon bioeconomy. The
business from the forest assets in the Amazon encourages social and environmental
transformations, with the generation of work and income for Amazonian communi-
ties, maintaining the “Forest Standing” with reduction of deforestation, biodiversity
conservation, and the maintenance of an economically active population in the
interior, fostering the forest-based economy.

11. Challenges for the implementation of sustainable biobusinesses in the
Amazon

Challenges to implementing sustainable biobusinesses in the Amazon include the
lack of infrastructure and logistics, the lack of fiscal and financial incentives, the lack
of technical and managerial training of producers, and the lack of market access. In
addition, deforestation and burning are a major problem in the region.

12. Conclusion
When it comes to the Amazon region, it is observed that there is no simple
option for the development of the region. The challenge of combining the necessary

economic development with the preservation of the forest implies building paths
capable of generating income and quality of life for their populations. This quest
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for development must lead to an interaction between social forces capable of using
the riches derived from biodiversity and other regional natural resources without
destroying them. And this cannot be achieved by replicating the current patterns of
economic development.

The main challenge in the development of the region is the formation of a critical
mass with the capacity to analyze and provide solutions to Amazonian problems. An
essential condition to be used will be the critical capacity of educational and research
institutions in the Amazon to develop local collaborative activities to understand the
dynamic processes of the Amazon biome and stimulate new businesses involving
biodiversity and environmental services.

The proposal described here serves the Amazon region, and its development
requires exactly something that enhances the transformations and induces really
enabling options for a more promising future, as well as promotes greater articulation
of regional structures to national and international circuits, in order to intensify trade
and financial flows and cultural, scientific, and technological exchange.
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