
CHAPTER 16

Local Struggles with Entropy: Caipora
and Other Demons

Mauro W. Barbosa de Almeida

THE THERMODYNAMIC CRITIQUE OF DEVELOPMENT

Energy has been a measure of progress throughout the last century. The
German physicist Ludwig Boltzmann, who considered his own views of the
Second Law of Thermodynamics as the physical equivalent of Darwin’s
principle of evolution, proposed that:

. . .the general law of the struggle for existence of living beings is not a struggle
for raw matter – the raw matter of all organisms is available in air, water and
soil in excess –, and neither is it a struggle for energy, which is abundantly
contained in the form of heat in every body; it is struggle for [low] entropy,
which becomes available through the transition of energy from the hot sun to
the cold earth. (Boltzmann 1919[1906]: 40)

Leslie White, borrowing from Wilhelm Ostwald’s assertion that “all
life is a struggle for free energy” (White 1949: 113–117, 367 ss.), defined
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“the amount of energy harnessed per capita per year” as a measure of the
“degree of cultural development” (White 1959: 41). However, in so
doing Leslie White and other representatives of the evolutionary history
based on energy maximization left behind the crucial distinction between
energy and free energy. The discarded distinction is crucial because while
energy is never lost—and this is the content of the First Law of Thermo-
dynamics—free energy can only decrease through time.1 Thus, Earth’s
deposits of carbon, oil, and gas (Kümmel 2011: 10–6), which are storages
of low-entropy energy captured by plants and stored in fossil deposits in
“unstable equilibrium” (Brillouin 1990: 95), can only be degraded by
human action. Had Leslie White kept his view of “evolution” in harmony
with Boltzmann’s “struggle for free energy” (“struggle for [low]
entropy”), he could have anticipated Georgescu-Roegen’s thesis: that
the economic process is necessarily an increase of entropy (Georgescu-
Roegen 1986; cf. Boltzmann 1919: 40; Hornborg 2001 and Kümmel
2011).

More energy per capita is not just represented by food calories; it consists
of more cell phones and laptops, more cars and travel. If measured in horse-
power, or labor-power, increasing energy per capita amounts to having
more and more “energy slaves” at our disposal to convert heat into work
(Kümmel 2011). Thus defined, infinite progress is a race toward an
unattainable goal, a point made two millennia ago by Aristotle in reference
to the accumulation of wealth for its own sake. The First Law of Thermo-
dynamics, the science born of the study of industrial heat machines, states
that energy is never lost. This statement suggests that perhaps technological
progress could indefinitely increase the efficiency in the use of energy, thus
providing more and more energy per capita forever.2 The metaphysics of
economic growth echoes the dream of perpetual-motion machines in the
form of continued and increasing growth of economic systems.3 However,
Sadi Carnot, a young French engineer, proved in 1824 that there is an
insurmountable barrier to the efficiency of any heat machine: every thermal
machine, using any fuel or mechanism whatsoever, can only convert heat
into work as long as there is a difference of temperature in the working fuel,
and this difference can only decrease, or at most remain constant, along a
working cycle (Carnot 1824). This means that any thermal machine must
dissipate energy available to do work in the form of heat and waste.
Clausius, from whom the elusive concept of entropy derives, phrased this
idea like a haiku:
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The energy of the world is zero-sum.
The entropy of the world runs
towards a maximum.4

The sobering implication of this message for economic systems was
ignored until Georgescu-Roegen called attention to it, asserting famously
that every economic process is based on the production of entropy
(Georgescu-Roegen 1971, 1986).5 In Georgescu-Roegen’s description,
the economic process is seen as a giant thermal machine converting
low-entropy energy stored in Earth’s natural reserves (due to the activity
of photosynthetic cells) into manufactured products, generating low-quality
energy, or heat and waste, in the process. Carnot’s thermal machine was
thus metaphorically amplified to the scale of the world economy; or alter-
natively Clausius universe was telescoped to the scale of the Earth. In either
case, the message was that nature’s laws had to be taken into account by
human economics.

Georgescu-Roegen’s book (1971, 1986) had a less immediate impact
than the Club of Rome report (Meadows et al. 1972) on public concern
over the limits to natural resources (cf. also WCED 1987), but his message
fared better with the passage of years, resulting in a whole branch of science
known as “ecological economics”, concerned with the exhaustion of
resources and global pollution.6 The resulting fusion of thermodynamic
language with economic theory (Martinez Alier and Schlüpmann, 1990)
originated a version of “unequal exchange” theory as the appropriation of
high-quality energy (“exergy”) by the world centers from the peripheral
countries, in exchange of waste or “anergy” (Frank 1966; Wallerstein 1974;
Hornborg 1992, 2001). Rosa Luxemburg argued early in the twentieth
century something similar: against Marx’s circular, self-contained “enlarged
accumulation” schemes, she countered that capital growth demanded a
continuous inflow of non-produced natural resources and the continued
incorporation of non-capitalist societies into the world market of consump-
tion and labor (Luxemburg 1951). She called these twin processes of the
destruction of natural resources and of the “annihilation” of non-capitalist
societies a “struggle against natural economy” waged by capitalism at its
expanding frontiers (Luxemburg 1951).7
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DEVELOPMENT AS LOSS OF DIVERSITY

The elusive notion of entropy took a turn by 1949, when it started to be
widely recognized as a concept linked not only with the physics of heat, but
also with information and communication (Schr€odinger 1944; Wiener
1948; Shannon 1949; Brillouin 1990[1949]). The notion of entropy as a
measure related both to energy degradation and to information was
invoked by Lévi-Strauss to express a melancholy view of human progress:
in his usage, “entropy” was a degree of “inertia”—a metaphorical usage
which goes from the impossibility of doing work where there is no tem-
perature difference (physical maximum entropy) to cultural “inertia”where
there is no cultural difference and therefore no cultural change (Lévi-
Strauss 1973; Barbosa de Almeida 1990). In Race and History, Lévi-
Strauss had criticized Leslie White’s notion of social evolution as the
increase of energy per capita (Lévi-Strauss 1973[1952]), offering in its
place the notion of increase of cultural diversity based on communication
between distinct societies. In this sense, “cultural progress”, in Lévi-
Strauss’ analogy—this time inspired in the theory of games—resulted
from a coalition between cultures through which there would be the
interchange of random variations contributed by each player (Lévi-Strauss
1973[1952]). This analogy implies however that in the long term, the
exchange of information would lead to the “homogenization of the
resources of each player”: “. . . if diversity is an initial condition, it must
be recognized that the chances of gaining [benefiting from the inter-
change] become weaker as the game goes on” (Lévi-Strauss 1973[1955]:
418).8 In the end, he writes,

Every exchanged word, every line printed, establishes a communication between
two interlocutors, thus creating evenness on a level where before there was an
information gap and consequently a greater degree of organization. Anthropol-
ogy could be instead named ‘entropology’, as the name of the science of the highest
manifestations of this process of disintegration. (Lévi-Strauss 1973[1952]:
543, 1973[1955]: 447–48)9

Lévi-Strauss is here mixing Clausius’ sentence of “heat death” for the
universe—in the sense of increasing thermodynamic entropy—with the
information theory concept of the loss of “an information gap”.10 But
thermodynamic entropy and informational entropy carry different implica-
tions. To illustrate this point, let us consider 1 hectare of tropical forest
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containing circa 500 individuals and 280 tree species per hectare (Silveira
et al. 2002: 73): Shannon’s information measure (“entropy”, corresponding
to Wiener’s “neguentropy”) would then be 8.1 bits: the amount of informa-
tion obtained from picking at random one tree from a plot of 1 hectare,
assuming that all 280 different species were equally abundant and spread at
random. On the other hand, we estimate the abundance of rubber trees
(Hevea brasiliensis) in the upper Jurua forest as nearly one individual per
hectare (Emperaire and Barbosa de Almeida 2002: 285–309; Barbosa de
Almeida et al. 2016). This means that in order to tap 400 rubber trees in a
day’s journey, a rubber tapper extracting rubber from wild trees would
have to traverse 400 hectares of forest, while in a typical rubber plantation,
1 hectare contains 400 genetically identical rubber trees. Shannon’s infor-
mation measure is zero in the plantation, while economic productivity per
hectare is hugely higher in the plantation. If we compare the extractive
economy with the plantation economy in terms of diversity, the extractive
economy conserves a maximum of diversity—8.1 bits in the forest econ-
omy against 0 bits in the plantation economy. Notwithstanding, the
plantation not only has the same thermodynamic free energy as the wild
forest, but captures the same amount of carbon from the atmosphere. Or,
to use a more outrageous comparison to force the point, consider the
whole content of the British Library, or the Kew Gardens collections, and
an equal biomass of a plantation timber: all three quantities should have
about the same thermodynamic free energy (in a loose sense, “low
entropy”), and the plantation has in this case the advantage of acting as a
carbon sink and making a profit while doing it, while the British Library or
Kew Gardens contributes to atmospheric heating with its carbon emissions
due to heating requirements, and economically requires government sub-
sidies, failing the tests of thermodynamic and economic sustainability.
Biological diversity is associated with cultural diversity. Laure Emperaire
found over 120 varieties of cassava cultivated by indigenous women along
the middle Negro River in a limited area. If we contrast this variety with
the cultivated biomass in commercial agriculture, the same contrast
between informational entropy and thermodynamic entropy is obtained
(Emperaire and Peroni 2007; Rival and McKey 2008; Heckler and Zent
2008).
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SUSTAINABILITY OF DIVERSITY, NOT JUST OF ENERGY

CONSUMPTION

In fact, the best way for anthropologists to support “sustained develop-
ment” in the usual economic-energetic sense is supporting diversity of
practice and knowledge associated with ontological diversity in the widest
possible sense, that is, encompassing nature and culture (Viveiros de Castro
2005). Contemporary ecological economics was fertilized by physics and
biology, resulting in its concern with pollution and with “sustained extrac-
tion”. Anthropology entered this discussion by a tortuous path: while
ecological economics was pointing to the failures of the “invisible hand”
to guide the use of natural resources and to evaluate the costs of pollution,
biologist Garrett Hardin’s “tragedy of the Commons” parable (Hardin
1968) shifted the blame to the absence of property rights and of state action
over the so-called commons. Although Hardin’s examples were “cattlemen
leasing national land on the western ranges”, whaling by maritime nations,
and National Parks “open to all, without limit” (Hardin 1968: 1245),
environmentalists read his paper as an indictment of peasants who share
common resources. In fact, in many cases, rules at the community level
provide a basis for sustainable management of resources (McCay and Ach-
eson 1990; Ostrom et al. 1997; Berkes and Folke 1998; Gibson et al. 2000;
Dietz et al. 2003). From this perspective, the “tragedy of the commons” is
the erosion of local institutions brought about by the ongoing “struggle for
the commons” (Dietz et al. 2003): the tragedy is the erosion of diversity of
biodiversity, of cultural practices, and of worldviews. The task at hand for
anthropologists is then to sustain diversity—from myths to cultivated plants
to kinship systems to ontologies to “the management of the world”
(Cabalzar 2010; Andrello 2012; Kopenawa and Albert 2013[2010]). This
means a shift from the sustainable production mantra to sustained ontol-
ogies. This stance may be compared with the anti-commensurability argu-
ments of Elizabeth Povinelli (2001) and with the defense of marginality as a
counter-development strategy defended by Anna Tsing (1994), and also
with the ontological pluralism defended by Sahlins (2014).

DEMONS AGAINST THE SECOND LAW

How this could be done? Let me pursue the link between information and
entropy, which was discovered by James Maxwell. Maxwell, the inventor of
statistical physics, announced to this friend Tait that he had “picked a hole
in the Second Law”. As Maxwell put it, a “neat-fingered and intelligent
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being”, who could see individual molecules, would be able to stop and
revert entropy increases using information11: in other words, an “intelligent
being” could revert the Second Law (Leff and Rex 1990, 2003; Cápek and
Sheehan 2005). The “intelligent being” was baptized as a “Maxwell
Demon” by “a friend”, i.e. by Tait. And the important point is that a
Maxwell Demon should be capable of keeping entropy increase at bay—
by controlling the exchange of things across a boundary by means of a
judicious usage of information. In other words, Maxwell Demons counter-
act the trend toward increasing entropy or “evenness” by obtaining infor-
mation on what approaches the frontier and using it to close or to open a
door. “Maxwell Demons” have been compared with local opposition to
“the tragedy of the commons” (Barbosa de Almeida 1993: chap. 10).

The “Maxwell Demons” metaphor has a disturbing implication. Such
“demons” act by controlling frontiers, that is to say, by controlling in-flows
and out-flows of things and symbols, and, in so doing, maintaining differ-
ences. However, such “demons”—if understood as local leaders, represen-
tatives, middlemen, and so on—are themselves subjects of the
disaggregating effects of “cultural entropy”. In other words, these brokers
tend to lose their ability to discriminate as they exchange matter and
information with the exterior, thus becoming victims of the entropy effects
they were supposed to control. Lévi-Strauss’ paradox of communication
emerges again: the exchange of information upon which Maxwell’s
Demons rely in order to decide whether to open or to close a door leads
ultimately to the loss of discrimination. The Demons start to fluctuate at
random. Although there is no absolute remedy, the analogy suggests that
local demons acting at the boundaries must be fed with external sources of
energy in order to remain cool. In other words, those local gatekeepers of
local-global exchanges, such as collectives, shamans, or native brokers, must
themselves be partners in wider coalitions (Barbosa de Almeida 1993).

CAIPORA

Caipora, among Amazonian caboclo and Indians, is a sexually ambiguous
forest entity, a caboclo hybrid version of Masters of Game who inhabit
Amazonian indigenous worlds. Caipora is a herdsman of some wild animals,
those treated as game for humans, and he intermediates in the encounters
between human predators and wild prey. He demands respect for dead
animals, and one major concern of hunters is not to insult the bodies of
Caipora animals. Insultar, to insult, is the Portuguese word for it. Insult can
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happen at any moment since the dead body of the prey is found in the forest
and carried back home to the house’s kitchen and delivered to the care of
women.12 From the moment the animal’s body is delivered to women’s
care in the house’s kitchen, another complex set of etiquette rules. Ashes
must not be mixed up with blood in the oven; bones must not be mixed up
with blood. Women carefully dispose of bones so they will not be put in
contact with menstrual, or feminine, blood.

This is one of the consequences: Caipora places a barrier to the existence
of a closed consumption circle that excludes the commercialization of meat.
In this sense, Caipora is a Maxwellian Demon, counteracting the destruc-
tion of diversity of human–animal social systems. Caipora existence is a
consequence of caboclo ontologies, one among many non-modern ontol-
ogies, that is to say: worlds inhabited by beings whose existence we “west-
erns” deny, while affirming the existence of many other beings that are not
seen in Caipora societies such as interest rates and futures markets.

An alliance between Caipora communities of humans, animals and invis-
ible beings and scientific communities is possible under certain circum-
stances. By the 1990s, the “sustainable extraction” model was hegemonic
in conservationist conferences dealing with wildlife (Robinson and Redford
1991). The Caipora ethics was indifferent to quotas and sustainable rates of
catch. It was concerned with giving away the catch along a circle of neigh-
bors, with protecting the animal body from insult, and keeping it out of the
market. Vitally, Caipora demanded refuges for the healing and reproduction
of animals. Caipora ontology can in some cases converge in its pragmatic
consequences with scientific ontologies (Barbosa de Almeida 2013).

In the 1990s, another conservation paradigm emerged, in which instead
of “sustainable catch rates” the notion of “sink and source” partition of a
territory was central. As long as a sufficient portion of the territory was not
hunted, the interaction between predators and prey would be stable. Both
Caipora and sink and source ontologies agreed on their ethical commands:
leave a part of the forest alone. But this was not all, because from the point
of view of the local hunters, catch returns of deer and wild pigs were not
only “sustainable”, but they were growing: the data indicated that the yields
for hunting efforts for game were increasing in the recent history. They
attributed this to their new hunting rules which (since the creation of the
Extractive Reserve in the 1990s) prohibited the use of paulista dogs. They
are called Paulista because they are supposed to come from the city of São
Paulo which is also imagined as the origin of all merchandise. Paulista dogs
ravaged forests and scared deer when not killing them. But only richer
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hunters or member of big families could purchase paulista dogs. Thus, the
introduction of “dogs as a means of production”, as predatory weapons, was
distorting the equal access to game. The prohibition of paulista dogs was
from their point of view a success. It was a case of local justice based on local
sociological wisdom, connected to the older ontologies whose protagonist
was the Master of Game, and of which Caipora is a hybrid descendant
(Barbosa de Almeida and Pantoja 2004).

Caipora worlds are my familiar example of indigenous and hybrid ontol-
ogies acting as barriers against the generalized dominance of Capitalocenic
order. I would add to this a point based on the recent work of Erika
Mesquita on the indigenous perceptions of climatic changes in the same
area (Mesquita 2013). Birds and several other animal groups are described
by Cashinahua as the masters who instruct humans about incoming changes
in rains, temperature, winds, and so on. And now Cashinahua say that birds
are getting confused by irregular rising waters, decreasing cold spells, and
progressive heat. They are losing the ability to instruct humans, and humans
in their turn are losing the capacity to predict when waters will rise. Maybe
this is because, as the older Ashaninca told her, the Sun is returning to the
Earth, making it consequently hotter and hotter; maybe, as the younger say,
it is because humans are transforming forest into grazing land and the Earth
itself is becoming hotter under the action of the sun.

The Ashaninca have allied themselves with the descendants of rubber
tappers, planning to reoccupy degraded territory with forest. These alliances
could perhaps be seen as other cases of coalition among humans, which
include the active role of invisible beings such as Caipora and the Iushin of
Cashinahua ontologies. Antonio Alves, an Amazonian-based writer and
cosmological activist, has coined an apt word for a generalized program of
commonwealth including multiple kinds of beings human and non-human.
“Forestzenship” is more than citizenship for biological beings, because it is
intended to encompass rights of rivers and of stones together with rights of
trees and non-human animals (Alves 2004: 51, 94, 117). Many other
examples of Amazonian-Andean social-ontological barriers against the gen-
eralized hegemony of Capitalocenic value-ontologies could be listed,
including recent Mapuche politico-theological writings (Quidel Lincoleo
2012).
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GAIA STRATEGY AND ANT–PEOPLE ALLIANCES

In 1965, James Schmitz described in a science fiction tale an alliance of
humans and nature as the strategy of the planet Wrake, a reserve of “dia-
mond wood natural resources”, to defend itself against humans.

The organism that was the diamond wood forest grew quiet again. The quiet
spread back to its central mind unit in the Queen Grove, and the unit began to
relax towards somnolence. A crisis had been passed—perhaps the last of the
many it had foreseen when human beings first arrived on the world of Wrake.
(Schmitz 1965)

The narrative goes on, using the indirect free discourse to express
Wrake’s point of view:

The only defense against Man was Man. Understanding that, it had laid its
plans. On a world now owned by Man, it adopted Man, brought him into its
ecology, and its ecology into a new and again successful balance. This had
been a final flurry. A dangerous attack by dangerous humans. But the period
of danger was nearly over, would soon be for good a thing of the past. It had
planned well, the central mind unit told itself drowsily. But now, since there
was no further need to think today, it would stop thinking. (Schmitz 1965)

Wrake-Gaia is an entity able to react against external disturbances, in a
moment of danger, only to go back to the mode of immanence (cf. Kohn
2013). On the other hand, Man contains ambiguously the reference to
“dangerous humans”—enterprises intent to exploit Wrake’s natural
resources for profit—and those friendly humans who were “adopted in
the ecology”, children and cooperative communities bound to Wrake by
pacts and kinship bonds. Wrake does not hesitate to exterminate the
harmful variety of humans, and sustain the beneficial parasitic human
varieties. Wrake-Gaia adopts some human communities connected by
kinship and cooperation, as part of a balanced parasitic cooperation. The
struggle between Wrake-Gaia supported by Humans and Human corpo-
rations intending to exploit Wrake as a source of natural resources parallels
the argument of Deborah Danowski and Eduardo Viveiros de Castro: the
fate of Earth-Gaia is tied up to the struggle between the people of Gaia or
Terrans and the collective corporations represented by banks and govern-
ments (Danowski and Viveiros de Castro 2014: 315 ff.). This view offers
the possibility of non-condescending anthropological activism; for
instance, alliances between biological-human communities against capital
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accumulation read as the destruction of natural resources and of the
diversity of non-capitalist human organizations.

Using the language of “Maxwell Demons”, these strategies would
amount to resistance against territorial expropriation, against institutional
disaggregation, and against ontological erosion. The fight against the ero-
sion of differences is the action of “Maxwell Demons” opposing the
homogenizing push of industrial civilization. This struggle is not tied up
to any particular form or concept of humankind, and might therefore be
described as an anarchistic opposition to modernist civilization.

ANOTHER SINGULARITY

Finally, I offer an anti-accelerationist proposal suggested by bio-politics
(Farage 2013; Foucault 1976). This is the proposed anti-singularity: the
point at which we will think/sense/imagine together with animals and
plants—with the support of machines. Biocentric politics means extending
human rights to animals. Against the objection which says that animals
cannot be subjects of rights because they have no responsibility nor voice,
there are two answers: first, non-human animals express their will by
resisting or trying to escape—the lobster struggles to crawl out of a scalding
pan, and the cow tries to flee the death corridor when it smells death.13 The
second argument is that at the approaching zoo-centric singularity, human
and animal brains will be connected to multi-specific bodies and sensing
apparatuses—a horizon beyond which chemo-sensing, image-thinking, and
emotional intelligence will be fused and where the usual ethical rules will be
deeply transformed. Scientists, humans, and shamans will debate about
forestzenship and zoo-citizenship, in fora where animals and possibly plants
will be self-represented in collective networks. This bio-singularity may be
called the Great Leap Out of the Box—by means of which the proverbial
Schr€odinger’s cat will be able to engage his experimentalist masters and
fight for existence—a truly ontological war.

To conclude, in James Schmitz’s Balanced Ecology tale, a whole
ecosystem—a living forest—allies with good humans organized in coop-
eratives in a struggle against bad humans, because the only weapon
against humans are humans. Good humans are Terrans (Danowsky and
Viveiros de Castro): those humans who ally themselves to indigenous
peoples and to their fights against the suicide of Gaia by global warming
or thermodynamic entropy, while sustaining the diversity that distin-
guishes the good life from mere subsistence.
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NOTES

1. Free energy is sometimes referred to as exergy. Increases in entropy corre-
spond to a decrease in free energy and less exergy (Lemons 2013: 20; Van
Wylen et al. 2017).

2. This insane hope was ingrained in Leslie White’s equation “E � T ! C”,
where “C represents the degree of cultural development, E the amount of
energy harnessed per capita per year, and T, the quality of efficiency of the
tools employed in the expenditure of the energy” (White 1949: 368, 1959: 43).

3. The idea of a circular economic process is common to both classical and
neoclassical economic systems (Sraffa 1960; Solow 1974).

4. Die Energie derWelt is konstant. Die Entropy derWelt strebt einemMaximum
zu.

5. The question of where all this diminishing low entropy came from in the
first place has had the following answer in a standard thermodynamics
handbook: “The author has found that the second law tends to increase his
conviction that there is a Creator who has the answer for the future destiny of
man and the universe”. The same credo appears, with “the author”
replaced with “the authors”, in the augmented 4th edition of 1994 of
van Wylen et al. 2011: 196.

6. Against Georgescu-Roegen’s, Robert Solow, the neoclassical apostle of
indefinite economic growth, argues that, for example, if the marginal profit
of copper extraction exceeds the interest rate in the capital market, techno-
logical advances substitute another item for copper, and therefore markets
correct any trend to exhaust resources (Solow 1974; Dasgupta and Heal
1979: 224; Brown et al. 2003). This is called the golden rule, which how-
ever, when applied to the whale fishing industry leads to the conclusion that
“. . . an annual discount rate i> 21 percent would suffice to cause the whalers
to prefer extinction to conservation of the whales” (Clark 1973:958).

7. “Since the traditional social relationships of the natives are the strongest
defensive wall of their society as well as of its material basis of existence, there
follows, as the introductory methods of capital, the systematic and planned
destruction and annihilation of non-capitalistic social relationships that it
encounters in its expansion. Here we have no longer to do with primitive
accumulation; the process goes on until the present day” (Luxemburg
1951:370).

8. “The world began without man and will end without him. (. . .) far from
[man’s part] being opposed to universal decline, he himself appears as
perhaps the most effective agent working towards the disintegration of the
original order of things and hurrying on powerfully organized matter
towards ever greater inertia (. . .) Thus it is that civilization, taken as a
whole, can be described as an extraordinarily complex mechanism, which
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we might be tempted to see as offering an opportunity of survival for the
human world, if its function were not to produce what physicists call
entropy, that is inertia” (Lévi-Strauss 1973: 542–43, 447–48; Barbosa de
Almeida 1990: 373–374; cf. Boltzmann 1995[1896–98]: 447).

9. Cf. Clausius’ early phrasing of entropy as “disgregation” (Pellegrino et al.
2015).

10. In defense of the link between the two “entropies”, see Brillouin 1990
[1949], and Jaynes 1957; against it, Atkins 1984 and Georgescu-
Roegen 1971.

11. “. . . if we conceive a being whose faculties are so sharpened that he can
follow every molecule in its course, such a being, whose attributes are still as
essentially finite as our own, would be able to do what is at present impos-
sible to us” (Leff and Rex 1990: 4–6, 34; Leff and Rex 2003: 179).

12. A deer, a peccary, or a cutia (Dasyprocta sp.) must be carried back home,
usually being tied up using envira (tree bark). Placing the body at one’s left
elbow is not the same as placing it as one’s right elbow; carrying it with the
right hand is not the same as carrying with the left hand. In one case, the
animal body is “insulted”. Urinating around the dead body of the prey
“insults” her/him. Hunters do not claim to have complete knowledge of
what insults the game. A common practice is to keep parts of the prey (tails,
“hair”, apples ¼ balls of hair) and using them to conciliate Caipora.

13. On voice and exit, see Hirschman 1970; on lobsters see Wallace 2007; on
animal communication, Grandin and Johnson 2005.
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