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Charles Darwin used domestication as a metaphor for natural selection because everyone is familiar with the term. Since
Darwin, domestication has become a major topic of research, both to help understand evolution, as Darwin did, and to
understand how human societies came to dominate the world, which also interested Darwin. However, Darwin did not
define the term, which has allowed students of domestication, such as geneticists, archaeologists and others, to tailor
their definitions to their own objectives. Even our grammar influences the way we interpret simple phrases about
domestication ( p. xiv), as we tend to put ourselves, as individuals or the human collective, in charge. As Darwin pointed
out, however, the long history of human interaction with plants and animals that resulted in the domestication of some of
them was influenced more by unconscious selection than conscious selection. Only when considering the latter type of
selection, which Darwin called methodical selection, can we affirm that humans are in charge, and even then unintended
consequences are common. Nonetheless, especially when used in studies to understand how humans came to dominate
the world, definitions often assume that humans are in control, which is unlikely at the beginning of human interactions
with plants and animals.

As pointed out by Dolores Piperno and Deborah Pearsall ( p. 6), clear definitions of concepts are extremely important
when discussing domestication and the food production systems in which many domesticates are grown or raised.
Melinda Zeder reviewed a set of definitions to highlight their differences and theoretical frameworks, and emphasized that
definitions for plants and animals are often quite different. Clement et al. prepared a short list of definitions for plant
domestication since Zeder. Full definitions can help identify nuances that place human culture within Nature, as occurs in
most Neotropical ontologies, rather than outside, which is typical of ideas of being in charge. We think that returning to a
dictionary is also an appropriate exercise to explore definitions, especially as the definitions in Zeder and Clement et al.
were designed by their authors to meet their own objectives, the majority of which are associated with identifying changes
in morphology or genetics that prove that human selection resulted in a response.

We will use the 1989 edition of the Oxford English Dictionary (OED), whose first edition was being researched and
published at the same time that Darwin was writing. The verb domesticate comes from the Latin domesticére — to dwell in
a house, to accustom. The house is the center of the domus, the Latin root of domesticére. The OED definitions include:
“l.a. To make, or settle as, a member of a household; to cause to be at home; to naturalize. 1.b. To make to be or to feel
‘at home’; to familiarize. 2. To make domestic; to attach to home and its duties. 3. To accustom (an animal) to live under
the care and near the habitations of man; to tame or bring under control; to civilize. 4. To live familiarly or at home (with);
to take up one's abode.” It follows that the noun domestication is “the action of domesticating, or the condition of being
domesticated” (OED), i.e., both the process itself and the results of the process.

These definitions are about humans, who domesticate each other in their houses, with their associated gardens, orchards,
pastures, woodlots, agroforests, and adjacent managed forests. Hence, the house and the surrounding landscape
comprise the domus , until humans started living in cities or more recently in apartments. Animals are recognized in one of
the definitions as being domesticated in the domus also, and it was Darwin who included plants. From these definitions,
domestication is clearly anthropocentric, i.e., it is about us humans. Note that only one definition mentions control.

What are the human behaviors involved? Two are explicit in the definitions: care (of the occupants of the domus) and duty
(the tasks of caring for the domus and its occupants). Two are implicit. Selection — since humans are selective about what
is brought into the domus. The fact that selection is implicit, rather than explicit, may be why Darwin adopted
domestication as his metaphor for natural selection. Accumulation — as people and animals are brought into the domus,
both from nearby (familiarize) and far away (naturalize). As Darwin recognized, humans like variety, which can be seen in
most gardens and even more clearly in swiddens. The definitions above are about both organisms (humans, animals,
plants) and the domus. Most current definitions of domestication concentrate one behavior (selection), but care and
accumulation are just as important.
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Domestication in the Neotropics

| 1. Domestication as Process

According to David Rindos [, domestication is a co-evolutionary process that involves relationships among humans and
other organisms. He divided the process into three stages, while recognizing that the division is somewhat arbitrary and
used for convenience: (1) incidental domestication, which includes simple dispersal and protection actions by people,
creating and maintaining coevolutionary interactions outside agroecological systems; (2) specialized domestication, which
involves forces that initiate and maintain the agroecological system; and (3) agricultural domestication, which involves
forces controlling the function, evolution, and spread of developed agricultural systems (! p. 153). In this perspective,
selection and caring, in the form of simple dispersal and protection, are at the beginning of the process, while an
agroecological relationship originates where humans create conditions for the growth of useful plants, or what Piperno
and Pearsall (@ p. 6) call cultivation. The creation of an agroecological system starts in a new settlement, especially with
its associated dump heaps, and gradually extends outwards. As Rindos points out, this creates new ecological conditions,
or niches, and some plants take advantage of them. These colonizing species, also called weeds, benefit from the
processes that create agroecologies and some of these species are useful to humans, so they are maintained and
protected B4l they may be selected and become domesticated 2!,

In the Neotropics, the process started with the arrival of humans about 30,000 years ago. Upon arrival they identified
useful species and the variation within each, allowing the preliminary selection of individuals for gathering. The gathering
starts dispersal towards the settlement () pp. 112-120), as some fruit or seeds may fall en route, or may be consumed
and the seeds excreted en route [El The best individuals in the population (and later those dispersed en route) are
protected, others may be tolerated, the worst may be eliminated if they compete with preferred individuals or good
individuals of other useful species . All of these activities gradually result in a population more useful to humans in the
original ecosystem, which is gradually becoming a domesticated landscape—all without creating an agroecology, hence
Rindos’ term incidental domestication (X! pp. 154-158).

As mentioned, the agroecological system, with its specialized domestication (! pp. 158-164), appears in human
settlements, all of which have dump heaps. The dump heap origin of crop domestication and food production has a long
history [&. What is most important is that dump heaps and nearby areas of the settlement develop into gardens 22,
which are recognizable agroecological systems that can be replicated beyond the settlement, giving rise to more intensive
agroecological systems where agricultural domestication continues (Hpp. 164-166). The latter is what most people
consider to be domestication, as seen in the standard narrative of crop domestication and agricultural origins, e.g. Lien et
al. 1. By recognizing only the latter stage, a long history of human—plant interactions is ignored.

The concept of domesticated landscapes has been used for a century (see Smith 2 for a list of synonyms) and can
conceptually be disentangled from domestication of plants and animals 3. The concept can be defined as a process by
which human manipulation of the demography of plant and animal populations changes the landscape’s ecology, resulting
in a landscape more productive and congenial for humans L3141 At its simplest, the protection and dispersal involved in
incidental domestication promote the initial changes (I pp. 112-120). As management intensity increases, with the
removal of competitors, intentional planting of seeds and seedlings, mulching around these, and other practices to care
for individual plants, the landscape becomes more productive BIMIIZILSILEL A continuum of change can be evident, as
humans invest more effort in caring for some useful plants. These changes are important for both humans and plants, and
create conditions favorable for other species of plants and animals as well 14,

Cultivation introduces more dramatic changes in the ecosystem, as noted by Rindos!t. Although cutting trees comes to
mind first, William Denevan 8] pointed out that with a stone axe it is easier to find a clearing where a large tree fell or a
wind storm had opened a larger area. Once open, fire becomes an essential tool 28129 (20 py  37-43). All the practices
already mentioned are used to propagate and care for useful plants in a new agroecosystem. Today this generally starts
as a horticultural plot and turns into an agroforestry plot, often seen as mimicking natural ecosystems, especially as local
species volunteer and are tolerated in the agroecosystem 211,

| 2. Domestication as Result (the Domestication Syndrome)

“Since domestication is an evolutionary process, there will be found all degrees of plant and animal associations with man
and a range of morphological differentiations from forms identical to wild races to fully domesticated races. A fully
domesticated plant or animal is completely dependent upon man for survival.” (& p. 62). This observation calls for a



definition of a domestication continuum, rather than using a general definition that does not discriminate any possibilities
along the way except the last one, when the domestication syndrome is clearly visible. As Darwin observed, humans
select — unconsciously or more rarely consciously — for a small number of traits that make their selected plants different
from wild ones [22: this set of traits is the domestication syndrome [23], which varies in composition among the different
species that humans manage and cultivate.

A definition that recognizes a continuum, following from Rindos, is that plant domestication is a co-evolutionary process
during which human selection of the phenotypes of wild, promoted, managed or cultivated plants results in changes in the
next generation’s phenotypes and genotypes that make them more useful to humans and better adapted to domesticated
landscapes 41, According to Harlan, during the beginning of the process the changes are so subtle that they are hard to
differentiate from wild populations (& p. 64), with the clear implication that the domestication syndrome contains only
incipient changes in one or a few traits, and may only be visible as reduced variability 4241,

The results of the domestication continuum extend from the first incipient changes to a clearly differentiated domestication
syndrome 24, and are the major interest of the majority of the definitions about this process 24231 Along the continuum,
some categories can be identified (Figure 1), mostly for convenience in discussing the concept 4. An incipiently
domesticated population has both the mean and variance of a selected trait within the variation of the species (& p. 64). A
semi-domesticated population has more pronounced differentiation, while a domesticated population may extrapolate the
variation of the wild populations and also has become dependent on humans (the last stage mentioned by Harlan).
Although this sequence is defined as being linear, the world is much more complex. There are multiple ways to get from A
to D, and there is no guarantee that C or D will be attained or, if attained, maintained through time.

A

Figure 1. Hypothetical domestication continuum (frequency distributions for population means and variances of the
dimension of a phenotypic trait of interest to humans, e.g., fruit size). (A) A species with four wild populations. A few plants
are selected in one population (star) to create a new population in (B). (B) As above, with one incipiently domesticated
population. Observe that the variance of the incipient domesticate is smaller than that of the wild populations, due to the
selection of a small number of plants to create the new population—a result of the founder event. Observe also that the
mean and variance are within the variance of the species. (C) As above, with one semi-domesticated population with
somewhat greater variance. (D) As above, with one domesticated population. Observe that both the mean and the
variance are outside of the variance of the species. Observe in B-D that the domesticated populations have skewed
distributions, with more variation towards the right side, representing directional selection, e.qg., for larger fruit. Adapted
from Leakey et al. (28] with thanks to Alessandro Alves-Pereira.



During the mid-20th century most students of domestication thought that the process could be quite rapid, e.g., from wild
to domesticated phenotypes, such as the non-shattering seed rachis of wheat (Triticum spp.) or barley (Hordeum vulgare),
in 200 years [, This fitted nicely with the standard narrative about the rise of states 2%, Since the turn of the millennium,
archaeologists found that the wheat and barley domestication processes took thousands of years 2427 and that “pre-
domestication cultivation” occurred in south-western Asia in the late Pleistocene 28, similar to the situation for “low-level
food production” in the Americas(29. At the same time, geneticists used the biological model of domestication to identify
how humans interact with plant genetics. The biological model has two interacting equations B9:

(1) Vp = Vg + VE + Ve
(2)R=h2xixVVP

Equation (1) explains the relationship among variances of phenotypes (Vp), genotypes (Vg), environment (Vg) and the
genotype-by-environment interaction (Vgyxe). As in Figure 1, these variances are of any trait of interest to humans in a
population, e.g., fruit size. This equation is about what is available to humans (Vp) and also explains how phenotypes are
created during growth depending upon genotypes and their interactions with their environment. Equation (2) explains the
response (R) when humans select (i) from the population. The narrow sense heritability (h?) is that proportion of Vg that
explains the similarity between parents and offspring for the trait of interest 39, The greater h?, i, Vp, the greater the
response; reduce any variable and the response decreases. Each trait of the domestication syndrome can be analyzed
this way.

The model used by geneticists found that the intensity of selection for the non-shattering rachis of wheat and barley was
extremely low, only slightly different from that expected from natural selection, and that it took thousands of years for the
non-shattering trait to reach even low proportions in the pre-domestication cultivated populations BU22I38] These authors
did not use the term, but this is what we mean by incipient domestication, a change so small that it is hard for
archaeologists to identify.

Most geneticists and many archaeologists who study domestication do not give much attention to an extremely important
component of the model: Ve. Rindost, however, was very clear that plant domestication occurs within domesticated
landscapes and that, as the human investment in agroecological management expands, so does the response to
selection. Equation (1) states that Vp is the sum of three other variances and can be modified by changes in any of them.
Like Vg, which contains several genetic components, Vg contains numerous biotic and abiotic components typical of
niches B4 such as soils, water availability, pollinators, pests, diseases, herbivores. Humans and their management
practices are also biotic and social components of the niche, which becomes an agroecological niche as human action
increases. Choices about where to plant, when to plant, how to fertilize, irrigate, weed, etc., all affect Vg and feed into Vp,
both directly and via Ve B2, Since these can change Vp without human selection (i), it is possible to obtain a response
(R) without human selection, so management of the agroecology is always an important consideration. Observe also that
all these management options are designed to meet the needs of plants who respond to this care, e.g., this response is
plant agency [1]. When there is human selection, management practices enhance the response.

| 3. Food Production Systems

The term food production systems represents the agroecology described by Rindos & and one of its many variants is
included explicitly or implicitly in the majority of definitions used by geneticists and archaeologists 2425 There are
numerous types of food production systems B8, each with somewhat different agroecosystems and human decisions
about crops and their management. The two most commonly used terms are horticulture and agriculture. Horticulture
comes from the Latin hortus (garden) and cultdra (culture or cultivation), and is defined as “The cultivation of a garden; the
art or science of cultivating or managing gardens, including the growing of flowers, fruits, and vegetables” (OED). Fruits
are often produced by trees, which have their own term: arboriculture (from the Latin arbor—tree). Since many fruits and
other products are also produced on plants that are not trees (e.g., palms, cacti, agaves) and which occur in some types
of forest, it is also appropriate to define silviculture (from the Latin silva—forests or stands of trees). Similarly, agriculture
comes from agr (genitive of ager—field) and is defined as “(a) Originally: the theory or practice of cultivating the soil to
produce crops; an instance of this (now rare). (b) Later also (now chiefly): the practice of growing crops, rearing livestock,
and producing animal products (as milk and eggs), regarded as a single sphere of activity; farming, husbandry; (also) the
theory of this”, (OED). In modern usage, agriculture is thus all inclusive, but its original use was for crops, which are
defined as “The annual produce of plants cultivated or preserved for food, esp. that of the cereals; the produce of the land,
either while growing or when gathered; harvest”, (OED). This is why agriculture is generally associated with southwestern
Asia, where wheat and barley were domesticated in fields, although gardens, including with cereals (&4 p. 43), other
annuals and perennials, were certainly earlier than fields, although seldom emphasized (e.g., [&).



Agriculture is the term of choice in the standard narrative about the rise of states. In this narrative, horticulture is small-
scale (gardens), even “primitive”, compared to agriculture, which is large-scale (fields), with advanced technologies, such
as draft animals to pull plows and operate threshing equipment to separate chaff from grain, etc. Scale often decides the
usage [41]. A recent article about the expansion of maize (Zea mays) use and production in pre-Columbian Mexico asks

“Is it agriculture yet?" BZ referring directly to the scale of use and production. A majority of scholars follow this usage,
e.g., 4.

Since we are discussing domestication, however, another factor is important. Oake Ames (28] observed that in horticulture
plants are treated as individuals, while in agriculture plants are treated as groups (or populations). This is an extremely
important observation because it has to do with selection (i) and thus response to selection (R) in the biological model.
Those of us with gardens often talk or sing to our plants and they respond to our care, especially if we weed, fertilize and
irrigate. Anthropologists have reported this among indigenous peoples across the Neotropics 249 \where local
ontologies consider other living beings to be social organisms similar to humans in many respects 2. In Amazonia,
indigenous women consider their manioc (Manihot esculenta) plants to be their children and sing to them to encourage
them ©2: in Mexico, the Mixtec, Nahua and other peoples pray in their milpas to encourage and safeguard the maize
while they care for the plants#3]. This caring also implies a duty to care for and protect. Although there is an effect on Vg,
due to the weeding, fertilizing and irrigating, what is more important is selection (i), because the better you know your
individual plants the easier it is to decide which ones get more space in the next garden. This is true for plants propagated
by seeds (e.g., maize) or vegetatively (e.g., potatoes (Solanum tuberosum) or manioc). The cultivation of manioc and
potatoes is a special kind of horticulture, called vegeculture—the culture of vegetatively propagated plants. Harlan (& p.
131) observed that vegetative propagation is instant domestication, because the plants depend completely on their
humans to be propagated into the next garden.

Another factor is important in the Neotropics: no animals were domesticated that could pull a plow. Hence, all labor in food
production systems was human, although ducks may have helped with weeding and pest control 44!, Neotropical societies
had numerous tools for working the soil and processing plants, but none that permitted the scale typical of agriculture with
draft animals. That is not to say that they produced less food; the early chroniclers marveled at the well-feed, healthy
people in the villages and urban areas they conquered #2148l |n some places, there were moderately large individual
fields, such as the raised fields in the Llanos de Mojos, lowland Bolivia, which could be 20 x 50 m, with dozens of such
raised fields around some villages 19 |n Central West Mojos, an area of about 10,000 km2, there are about 36,000 raised
field platforms, with a total raised-surface area of 100 km2 (44 p. 105). In the Andes, the tens of thousands of terraces,
andenes, each had small surfaces, many much smaller than in Mojos, but summed were able to support the Inca state
(191 Similarly, the milpa and agroforestry systems of the Maya supported its large population 22 and the terraces,
chinampas and agroforestry systems of the Aztecs supported another large state 28l In Amazonia, the chacra horticultural
plots and agroforestry systems supported the expansion of the Arawak-speaking peoples 49, and were used by all other
ethnic groups that decided to practice horticulture and agroforestry. Importantly, in the more forested Neotropical regions,
including the Atlantic Forest and forested savannas in Brazil, these agroforestry systems were complemented by forest
management 4B and some, perhaps many, societies obtained more food from their forests than from their gardens and
agroforests [B1152],

The observant reader will have noticed that an additional term slipped in: agroforestry. Unlike the other terms we have
used, this is not derived directly from Latin, but from research on modern small-scale indigenous and traditional food
production systems across the tropics 3. The term suggests a combination of agriculture with forestry. The majority of
the hundreds of different agroforestry systems described by PK Nair B3lare in reality combinations of horticulture,
vegeculture, arboriculture and silviculture, generally with volunteer plants that are tolerated and may be protected.

Is domestication different in the Neotropics than elsewhere? Yes and no. The mechanics are the same. Humans
accumulate variability, care for it, select (both during accumulation and while caring), and through time obtain responses
in the form of more variability, larger and tastier fruits and vegetables, more colorful and beautiful flowers, more bioactive
compounds (medicinal and magic) etc. The associated food production systems, however, were partially different. There
was no agriculture, in the original definition of the term, in the Neotropics before European conquest. The predominance
of horticulture, with the focus on individual plants, may explain why there is so much variability.
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