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ABSTRACT

This dissertation examines sociocultural and biophysical reconfigurations in an Andean
agricultural landscape. Decline in the diversity of crops grown by the world’s farmers has long
been a scientific concern. Recently, climate change has been recognized as a new threat to
agricultural sustainability, further heightening the need for diverse crops adapted to a broad
range of environmental conditions. Still, there is inadequate scientific insight into the present
extent of agrobiodiversity in farmers’ fields and the dynamics affecting its loss and persistence.

The present research examines these issues through an in-depth and longitudinal case
study in Cotacachi, located in the Northern Ecuadorian highlands. It sets out to document the
area’s crop and varietal diversity, and spatial and temporal change in the composition of crops in
farmers’ fields. In particular, it examines whether and how these field reconfigurations relate to
shifts in cultural and climatic patterns. The study builds on 16 months of fieldwork between 2003
and 2010, employing participatory observation, interviews, surveys, focus group discussions,
workshops and mapping.

The results show that Cotacachi’s fields are populated with rich agrobiodiversity,

encompassing 103 crop species and a total of 367 varieties within 20 of these. This richness,



however, is not evenly distributed — most crops and varieties are present in low frequencies while
a few are widespread. The low frequencies partly result from a reduction in the extent of many
crops and varieties during the past century, yet this trend has been partly reversed in the course
of the last decade. This decline and expansion of diversity bear close linkages to sociocultural
trends affecting the value and priority attributed local food and agriculture. Recent climate
change challenges farming in multiple ways, generally resulting in lower harvests. On one hand,
this process hampers seed saving, but on the other, farmers draw on the local agrobiodiversity as
they reconfigure the crop composition of their fields in response to warmer temperatures and
changing precipitation regimes. The findings point to the potential of cultural revitalization to
spark agricultural diversification, and highlight the importance of supporting the maintenance of

locally rooted crop diversity to enhance farmers’ resilience to climate change.

INDEX WORDS:  Agricultural Anthropology, Agrobiodiversity, Andes, Climate change,
Crop diversity, Cultural identity, Ecuador, Ethnoecology, Farmer decision

making, Food, Genetic erosion, /n situ conservation, Kichwa.
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DEDICATION

To the world’s farmers
for their tireless efforts
to care for the growth
of plants and animals,
giving sustenance

to us all.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction

This study examines recent reconfigurations in an Andean agricultural landscape. In
particular, it investigates patterns and processes of change in the composition of crops in
farmers’ fields, and how these processes are linked to pattern shifts in the realms of culture and
climate. The global human population surpassed 7 billion in 2011 and is projected to reach 9
billion by 2050 (UN 2011). Such an unprecedented mass of people will depend on sustenance
from a productive agriculture; without a well-functioning food system future generations cannot
survive. A fundamental, although often overlooked factor in agricultural production is
agrobiodiversity. It is widely held that the agricultural biodiversity extant on the world’s farms
was reduced through the past century, a process which is known as genetic erosion (FAO 1996;
FAO 2010). This development has long concerned scientists, since it undermines the
sustainability and adaptability of agricultural systems (Fowler and Mooney 1990; Frankel 1970;
Harlan and Martini 1936; Harlan 1975; Nazarea 1998; Rhoades 1991). The promotion of a
sustainable food future requires more knowledge on the conservation status of agrobiodiversity
and the factors currently driving change in its extent. This research addresses these issues
through a case study in the Ecuadorian highlands — part of the Andean center of crop origin. In
particular I examine how two yet underexplored but potentially powerful factors influence

farmers’ management of crop diversity: cultural identity and climate change.



While the relationship between cultural identity and agrobiodiversity remains largely
unexplored in the literature, it is well established that there is a close link between identity and
food choice (Appadurai 1988; Brown and Mussell 1984; Fischler 1985; Gabaccia 1998; Ohnuki-
Tierney 1993; Weismantel 1988). Since subsistence-oriented farmers eat most of what they
grow, I here hypothesize that cultural identity also is important for farmers’ planting decisions.

Climate change constitutes a potential new threat to agricultural sustainability and the
persistence of agrobiodiversity, yet little research has investigated how it affects farmers’
management of plant genetic resources (Parry, et al. 2004; Jarvis, A., et al. 2008). Here I
examine the impacts of recent climatic change on local agriculture, and in particular whether it

has led farmers to alter the crop composition of their fields.

1.2 Historical and Theoretical Framework
1.2.1 The Development of Agrobiodiversity

Agrobiodiversity can be defined as “the genetic variation existing among the species,
breeds, cultivars and individuals of animal, plant, and microbial species that have been
domesticated, often including their immediate wild relatives” (Heywood and Watson 1995: 6). In
this work, I will focus on the part of agrobiodiversity constituted by the variation between and
within cultivated plant species, also frequently called crop diversity (Brush 2004) or plant
genetic resources (FAO 2010)'. Agricultural biodiversity is the product of natural and artificial
selection taking place over some 10,000 years of farming. Since people began moving from

collection to cultivation as a main subsistence strategy in the Neolithic, the collective work of

"I will use these terms — agrobiodiversity, agricultural biodiversity, crop diversity and plant genetic
resources — interchangably in this dissertation.



farmers has resulted in the domestication of about 500 crops and the development of great
genetic diversity within each of these (Harlan 1992).

During the 20" century, the world’s agricultural fields went through unprecedented
processes of standardization and simplification. In the year 1900, Mendel’s laws of inheritance
were rediscovered (Bowler 1989), and in the decades that followed, plant breeding became a
science (Schlegel 2007). With new efficacy, breeders were able to cross farmers’ landraces as
well as wild crop relatives and develop new varieties with specific sets of characteristics. In
parallel with this advance, agricultural mechanization progressed, the most significant of which
was arguably the entry of the tractor and the exit of draught animals, allowing larger areas to be
worked in a shorter amount of time. Simultaneously, a suite of new agrochemicals was
composed and commercialized: mineral fertilizers, pesticides, fungicides and herbicides. The
promotion of this new package of input factors led to the restructuring of fields, first in the global
North, then in the global South (Fowler and Mooney 1990). Numerous small fields planted in
polycultures of diverse seeds were turned into fewer but larger fields grown in monocultures of
much more uniform planting material. In the South, the project was launched with great fanfare
in the 1960s and 70s, and the ensuing transformation of rural landscapes was baptized the Green
Revolution (Evenson and Gollin 2003).

This grand shift boosted the production of selected staples (Evenson and Gollin 2003),
changed agriculture’s main energy source from human and animal power to petroleum, created a
stream of rural-urban migration (Cleaver 1972), and helped steer diets away from seasonal
variation toward increased reliance on a low number of staple grains (Popkin and Gordon-Larsen

2004).



While many have heralded these pattern shifts, and a Nobel Peace Price was awarded to
Norman Borlaug for the work (Nobel Foundation nd), problems have also been identified. One
main concern has been that the process undermines its own future; plant breeders depend upon
the access to a wide diversity of landraces in order to continue releasing new varieties as former
ones succumb to the evolution of pests (Frankel 1970; Harlan 1975; Ochoa 1975). If all farmers
let go of the diverse landraces and adopt only modern varieties, breeders will one day find

themselves without new raw material.

1.2.2 The Conservation of Agrobiodiversity

At the height of the Green Revolution, the replacement of traditional varieties, landraces,
with modern ones was seen as an inevitable outcome of modernization (Harlan 1975; Hawkes
1983). The initial reaction to the observation of genetic erosion — the disappearance of diversity
from farmers’ fields — was the large scale collection and storage of seed and other plant
propagating material ex situ, in gene banks (Hawkes, et al. 2000). By 1996, more than 6 million
accessions were held by a global network of gene banks (FAO 1996), and by 2010 this figure
had risen to 7.4 million (FAO 2010). However, by the end of the 1980s, research showed that
agrobiodiversity was more resilient than first believed. Even in centers of crop diversity where
modern varieties had been adopted, some landrace diversity still persisted (Brush, et al. 1988;
Vaughan and Chang 1992).

These observations led to new developments both in terms of conservation and research
agendas. On the applied side, they provided prospects for complementing the ex sifu approach
with in situ conservation — the continued cultivation of diverse crop varieties “in the

surroundings where they have developed their distinctive properties” (Convention on Biological



Diversity, Article 2; UNEP 1993). This approach would ensure the continued presence of
diversity in the hands of farmers and Southern nations (Altieri, et al. 1987), and further, if kept
diverse, the world’s farms have much larger capacity to maintain genetic resources than do gene
banks (Brown 1999). The approach is also more dynamic than its ex sifu counterpart in that it
captures continued evolution of genetic combinations as well as sociocultural systems of
knowledge and practices associated with the plants (Nazarea 1998). During the past couple of
decades, then, in situ conservation has emerged as a new paradigm in agrobiodiversity

conservation (Brush 2000; Maxted, et al. 1997).

1.2.3 Recent Research on in situ Conservation of Agrobiodiversity

The possibility and imperative of in situ conservation requires research on the actual
extent of crop diversity, on longitudinal change in diversity levels and on farmers’ decision
making regarding what to plant. Insight into these patterns and processes is crucial for the
effective planning and execution of conservation initiatives (Brush 2004, FAO 2010). Surveys
have shown that despite the trend of genetic erosion, extensive diversity continues to populate
farms and home gardens in some parts of the world (Zimmerer 1996; Nazarea 1998; Brush 2004;
Galluzzi, et al. 2010; Jarvis, D.,et al. 2008). Still, research on the present extent of crop diversity
has progressed slower than expected, and is largely lacking for most countries (FAO 2010).

Accurate assessment of longitudinal change in agrobiodiversity is difficult due to the
paucity of baseline data and hence, such research is scarce (Brush 1999; Guarino 1999).
However, there are a few recent studies. One way researchers are approaching the problem of
quantifying change over time in farmer managed crop diversity is to resurvey areas that have

previously been surveyed in connection with collection expeditions. Several of these case studies



show a decrease in landrace diversity during the course of the 20" century (Hammer, et al. 1996;
Shewayrga, et al. 2008; Teklu and Hammer 2006; Tsegaye and Berg 2007), although some have
found stability in terms of the number of varieties (Barry, et al. 2007; Bezangon, et al. 2008) or

crop species (Nabhan 2007) present in an area.

1.2.4 Agrobiodiversity and Economic and Agronomic Factors

Research on farmers’ decision making in relation to crop diversity indicates that the
maintenance of crop diversity can to some extent be explained by landraces’ adaptation to
particular agroecological conditions (Perales et al. 2003), risk management (di Falco and
Perrings 2003) and weak market penetration (van Dusen and Taylor 2005), and cross-sectional
studies have attributed variation in levels of diversity between farms to variation in
argoecological, economic and market-related factors (Benin, et al. 2004; Brush, et al. 1992;
Brush and Meng 1998; Rana, et al. 2007; van Dusen and Taylor 2005). This body of research
highlights that maintaining landrace diversity is a rational strategy for many of the small-scale
farmers the research is focused on; in some areas landraces perform better than modern varieties,
and even in areas where modern varieties yield well, landraces may still provide overall more
stable yields, reducing risk. A wider crop and varietal diversity further improves pest
management, and constitutes a varied base for subsistence farmers’ diets (Bellon 1996; Brush

2004; Rhoades and Nazarea 1998).

1.2.5 Agrobiodiversity and Cultural Identity
In addition to agronomic and economic considerations, research rooted in ethnoecology

has shown that cultural values play a role in farmers’ maintenance of diversity (Nazarea 1998,



2005; Veteto 2010). Nazarea (1998) shed light on the importance of cultural memory for
biodiversity conservation; farmers carry intimate knowledge about the properties contained in
seed — their agronomic and culinary performance and requirements. This cultural memory is a
combination of empirical experience, sensory embodiment and social learning. In a sense, it is
the apex of millennia of experimentation in fields and hearths, and its maintenance and
transmission is central to the maintenance of agrobiodiversity.

Given the importance of cultural memory for agrobiodiversity maintenance, one might
expect that cultural identity would play a role in shaping patterns of agrobiodiversity across
farms. However, few studies have to date investigated the relationship between cultural identity
and diversity. Brush explains how this lack of inquiry is linked to the dominant methodologies to
investigate farmers crop diversity decisions: “Cultural identity almost certainly plays a role,
although this factor is often submerged by a research methodology designed to study individual
selection and make cross-sectional comparisons of variety choice. In these analyses of rational
choice, culture becomes a residual factor used to explain the diversity that has not been
explicated by individual decision making.” (Brush 2004: 258). Recently, however, a few studies
have compared diversity levels between people of different ethnicity living in similar
environments, and indeed found variation between ethnic groups (Brush and Perales 2007;
Perreault-Archambault and Coomes 2008; Stromberg, et al. 2010).

If cultural identity plays a role in diversity decisions, then one might further expect
changes in this realm to effect changes in agrobiodiversity. This process has so far not been a
topic of scientific inquiry, although researchers have expressed concern that cultural change will
erode fields’ diversity. For example, Birol et al. (2006) find that high levels of diversity in

Hungarian home gardens have survived shifting political regimes and agricultural arrangements,



but warn that incipient sociocultural changes stemming from outmigration and reduced
dependency on home gardens for food may cause reductions in biodiversity during the coming
years. In Mexico, Perales et al. (2003) similarly note cultural change as a potential future cause

of diminishing maize diversity.

1.2.6 Food and Agrobiodiversity

Although a number of papers acknowledge the importance of end-use qualities for seed
selection, this factor is — as in the case of cultural identity — often regarded as residual, referred to
when other measured variables cannot account for variation in diversity (e.g., Perales et al.
2003). This trend is starting to change, however, and analyses that consider consumption and
end-use factors are increasing in number. Brush (2004) and Zimmerer (1996) show that
consumption criteria are important for potato landrace maintenance in Peru and Nazarea (1998)
displays how variation in consumption purposes and preferences sustains sweet potato diversity
in the Philippines. Tsegaye and Berg’s (2007) study of durum wheat in Ethiopia and Rana et al.’s
(2007) paper on rice in Nepal also address the role of food as an incentive for maintaining

diversity.

1.2.7 Food and Cultural Identity

In contrast to the scarce literature on agrobiodiversity and cultural identity, food’s role as
a marker of sociocultural difference and group identity is a returning topic; its life giving
character lending it power to forge bonds between family members (Moisio, et al. 2004), classes
(Goody 1982; Roseberry 1996), nation states (Appadurai 1988; Belasco and Scranton 2002) and

carriers of the same ethnicity (Brown and Mussell 1984; Gabaccia 1998); to include and exclude



in patterns of culture. Holzman (2006) asserts that food’s sensory dimensions of taste and smell
makes it an excellent memory medium, as reflected in studies of food showing how food plays a
part in nostalgia, invented traditions, and imagination (Seremetakis 1994; Sutton 2001).

Studies have further shown that the symbolic meanings and practical role of different
kinds of foods may change over time. Appadurai (1988) and Wilk (1999; 2006) trace the recent
rise of national and regional cuisines in India and Belize, and thus show how global movements
give rise to new categories at local levels. Mintz in Britain, as well as Ohnuki-Tierney in Japan
show how through history new imports are adapted and adopted as core markers of local
identities (Ohnuki-Tierney 1993; Ohnuki-Tierney 1999) 1997. Mankekar (2002), Ray (2004),
Choo (2004) and Duruz (2005) explore “eating at the borders” (Duruz: 51); negotiations, fusions
and transformations in the foodways of both newcomers and natives as people moving between

regions bring with them culinary traditions and give rise to new markets for food.

1.2.8 Food and Identity in the Andes

In rural areas of the Andes, food has traditionally been cooked from a diverse array of
products including native roots, tubers, legumes, fruits, grains and pseudo-grains (National
Research Council 1989) and Old World grains, legumes, fruits, vegetables and livestock
products integrated in post-Columbian times (Crosby 1972). However, during the past decades,
introduced foods such as sugar, noodles, rice, cooking oil and MSG flavoring have gained terrain
(Orlove 1987; Weismantel 1989). Studies have found strong and layered symbolic meanings
attached to these different kinds of foods. Graham (2003) explains how in her field site in Peru,
locally grown foods are referred to as yana mikhuy (black foods), whereas those brought in and
bought in stores are called yuraq or misti mikhuy (white or mestizo foods). This kind of

categorization is widespread in the Andes (Weismantel 1988), and extends to the current study’s
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field site Cotacachi (Camacho 2006; Skarbe 2005). The former category has typically been
associated with indigeneity, rural backwardness, soil and dirt, in contrast to the latter foodstuffs’
symbolic link to urban sophistication (Orlove 1998; Weismantel 1988). Thus, in addition to
factors such as the spread of the market economy expanding the availability of new foods, and
changes in people’s daily schedules toward more time spent away from home for education and
off-farm work, again reducing time available for growing and preparing food as well as
increasing purchasing power, the spread of diets high in non-local “mestizo foods” in rural areas
might also be linked to the high prestige with which they have been associated (Orlove 1987).
Since most landraces are cultivated for home consumption purposes (Rhoades 1984; Skarbg
2006), a reduction in reliance on one’s own production in favor of purchased foods is likely to
reduce each households demand for diverse traditional crops. One might therefore expect that the
incorporation of non-local foods in people’s diets in the Andes has had negative consequences

for crop diversity.

1.2.9 Reindigenization in the Andes

After centuries of discrimination and exclusion from dominant political arenas, the
situation for indigenous people across Latin America has drastically changed during the past
couple of decades. In an environment of democratization and state endorsement of
multiculturalism, indigenous groups have consolidated grassroots social movements, and their
leaders have entered government bodies on all levels (Laurie et al 2005; Selverston-Scher 2001).
This complex process can both be tied to international currents such as human rights,
conservation and aid movements, trade and intergovernmental cooperation, and unique local

histories (Jackson and Warren 2005; Van Cott 2008). Through the process, the meanings of
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indigeneity are transformed. Although racial discrimination still is far from extinguished,
identification with indigeneity has become highly valuable currency to garner political and
financial support and to sell goods (Greene 2004; Korovkin 1998). Politicians, indigenous
leaders, traveling merchants and tourist agencies alike turn to symbols of past civilizations, re-
baptize themselves with indigenous names, and swap sweatshirts for ponchos and body paint.
While some analysts have highlighted the instrumental value of these moves, others argue that
this reindigenization is more profound than put-on surface displays to attract outsiders. For
instance, Meisch (2002) shows how a recent musical renaissance in the Otavalo region has
revived the role of music in indigenous social events, in addition to generating income both from
tourists in the area and foreign street performances. Thus, the return to things associated with
indigeneity forms part of strategies to engage with modernity, while simultaneously
encompassing a deepened ‘“heartfelt” pride and appreciation of traditions and heritage. Other
studies have shown how such reindigenization has played out in a variety of social arenas,
provoking a creative revival of the indigenous in rituals and celebrations (Wibbelsman 2005),
dance performances (Mendoza 1998), beauty pageants (Rogers 1998), clothing (Van Vleet 2005)
and language (Viatori 2007).

Little research has so far explored the recent reindigenization’s implications for food and
agriculture. In the realm of food, Paulson’s (2003; 2006) recent work from Bolivia presents an
important exception. She describes how food serves as a medium for a new level of public
recognition and celebration of indigenous roots, in the forms of intensified indigenous ritual
meals during local town fiestas and national politicians’ public identification with and
embracement of indigenous foods. Paulson’s research thus indicates a departure from the above

described deep-held associations of indigenous food with dirt and backwardness (Orlove 1998),
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toward new and more positive symbolic values, in line with studies from other cultural domains
reviewed in the previous paragraph.

This Andean setting provides an excellent arena to investigate the role of cultural identity
in agrobiodiversity maintenance. From the above literature review it is hypothesized that if
cultural identity indeed shapes farmers’ diversity decisions, then on farm diversity should vary
between farmers that are deeply rooted in a certain culture and those who do not maintain
cultural traditions to a large degree. Further, one might expect the recent reindigenization
process, in which indigenous identity have risen in esteem, to have stimulated a re-appreciation

of indigenous food traditions and the crops that form their base.

1.2.10 Climate Change and Agriculture

Global climate change is predicted to severely alter the environmental conditions for
agriculture through the current century, and simulations indicate that expected changes in
precipitation, temperature and CO’-concentrations will amount in yield reductions in many parts
of the world (Burke, et al. 2009; Jones and Thornton 2003; Lobell, et al. 2008; Parry, et al. 2004;
Schenkler and Lobell 2010). A study of effects on agricultural impacts across the Aftrican
continent suggests that temperature increases will be particularly influential in altering the crop’s
growing conditions (Lobell et al. 2008). More frequent incidence of extreme weather, climate
induced changes in pest and disease occurrences, and increased strain on water resources are
likely to pose additional challenges to the world’s farmers (Thornton, et al. 2010). It is clear that
adaptation measures must be implemented in order to maintain viable production systems
(Adger, et al. 2007; Rosenzweig and Tubiello 2007). Insight from the emerging literature on
agriculture and climate change building on computer modeling and simulations of future

scenarios is crucial in order to plan adaptation initiatives and prepare for what is to come. Yet
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ultimately, the world’s capacity to adjust agricultural production to the altered conditions
depends on the observations and actions of farmers. Thus, policy planning should additionally be
informed by research on how farmers so far perceive, experience and adapt to climate variability

and change (Finan and Nelson 2001; Howard 2009).

1.2.11 Climate Change and Agrobiodiversity

Climate change brings new attention to agrobiodiversity in at least two perspectives. On
the one hand, climate change might potentially intensify pressures of genetic erosion. For
instance, Morin and colleagues (2002) showed that traditional rice diversity in an area of the
Philippines declined abruptly following several subsequent years of extreme weather associated
with strong El Nifio/La Nifia events in 1996-1998. Given that such extreme events are predicted
to become more frequent in the future, one might expect the risk of losing diversity to rise.
According to Andy Jarvis and co-workers “climate change is likely to be an additional threat to
agricultural biodiversity, increasing genetic erosion” (2008: 12), but they also point out that there
is little research and knowledge about this potential process: “It is however poorly understood
how the increase of climate risk, and change in the climate baseline might impact the current
diversity in landraces found in situ.” (2008: 13).

On the other hand, crop diversity has been presented as a central part of the solution to
climate change adaptation. Fowler notes that “[cJonserving crop diversity is the prerequisite for
the future evolution and success of agriculture. (...) If we do, we may well be able to adapt
successfully, and in time, to future climate change” (2008: 501). The threat of climate change has
heightened the need of seeds that are able to thrive in altered environmental conditions, placing a

new imperative on the conservation and maintenance of diversity. It has lead to a renewed
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emphasis on collection efforts, both of landrace diversity and wild crop relatives, and their
conservation (FAO 2010, Fowler 2008). Further, it has led to new agendas for crop breeding,
where traits such as drought and salinization tolerance are given priority (CGIAR 2009, Ortiz
2011). Crop and landrace diversity has also been highlighted as a source for resilience in itself;
in contrast to uniform, formally bred modern varieties, landraces typically contain greater genetic
diversity, and might therefore directly provide a source of adaptation for farmers (Jarvis, A. et al.
2008, Ortiz 2011). After all, this diversity has provided resilience to climatic variabiliy
throughout agriculture’s past, and, as pointed out by Fowler (2008), crop landraces have gone
through plenty of evolutionary processes adapting to new climates as people have brought them
into new environments, especially during the last half millennium after the Colombian exchange.
Still, our understanding of landraces’ evolutionary potential to adapt to rapidly changing climatic
conditions is limited (Jarvis, A., et al. 2008).

Another way through which farmers may adapt is by adding alternative crops and
varieties to their fields, wholly or partially replacing ones that no longer thrive (Easterling et al.
2007). In an analysis of future climate scenarios for the African continent, Burke and colleagues
(2009) find that by 2050 climates will change so much that an intensified movement of planting
material between nation states will be necessary. Computer modelling predicts that crop climates
will change substantially in future years, suggesting the need of an intensified movement of
planting material between nation states (Burke et al. 2009). Recent range shifts in wild species in
response to global warming, specifically toward higher latitudes and altitudes, have been
extensively documented during recent years (Parmesan and Yohe 2003, Parmesan 2006), but
little research has examined corresponding range shifts in cultivated species. An exception is

constituted by Odgaard et al.’s study, which shows that in conjunction with rising temperatures
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during the first decade of the 21* century, the cultivation of maize has become more prevalent

further north in Denmark (Odgaard et al., 2011).

1.2.12 Climate Change in the Andes

Global trends of climate change during the past decades are well reflected in the Andes.
Pooled data from across the region shows an average increase in 0.1°C/decade over the past 70
years, intensifying to 0.32-0.34°C/decade during the last quarter of the 20" century (Vuille and
Bradley 2000, Vuille, et al. 2008). Data from the Ecuadorian highlands yield an average increase
of 0.9°C between 1960 and 2006, although at some stations, the rise amounts to 2.4°C (Ontaneda
2007). Analyses of precipitation records show more varied results, but there are clear trends of
decreasing cloud cover and increased incidence of extreme weather events, in particular during
the last three decades (Haylock, et al. 2006; Magrin, et al. 2007; Ruiz, et al. 2008). These
changes are linked to an accelerating meltdown of the region’s tropical glaciers, a process again
expected to affect hydrological patterns in highlands as well as surrounding lowlands,
threatening the water supplies of rural and urban populations (Bradley, et al. 2006). Trends of
warmer, more irregular and more extreme weather are predicted to continue into the future
(Magrin, et al. 2007; Urrutia and Vuille 2009; Jarvis, et al. 2011).

The observations of already occurring as well as expected climatic changes indicate that
the Andes is a pertinent region to study the impact of climate change. Model simulations predict
that Ecuador is one of the countries that will suffer most in terms of declines in agricultural
production; depending on the climate scenario, yields are expected to drop by an average 18.1-

30.9% by 2080 (Cline 2007).
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1.3 Research Problems

The above literature review shows that despite of the central role of agrobiodiversity in
sustaining humanity’s future food supply, scientific insight into the present conservation status of
crop and intracrop diversity is deficient for many areas. It is clear that much genetic diversity has
been lost from the world’s fields, but the severity of this loss is not well understood (Brush 2004;
FAO 2010). Further, the dynamics affecting loss and persistence of diversity on farms are in
need of further investigation. In this regard, agronomic and economic factors have received
comparatively much research attention, but the above review indicates that cultural identity may
also play a profound but little explored role. Finally, the literature reviewed above suggests that
climate change invariably will influence farmers’ fields and the crop diversity they contain, yet
the ways in which this will and already might be playing out is in need of investigation.

This research addresses these issues through a case study in Cotacachi, located in the
Northern Ecuadorian Andes (Figure 1.1). First, it sets out to address the lack of scientific insight
into diversity’s conservation status by a detailed documentation of the area’s crop and intracrop
diversity. Second, it aims at expanding understanding of dynamics in the maintenance of
agrobiodiversity by investigating spatial and temporal change in diversity levels and their
drivers, with a particular emphasis on the potentially significant, but poorly understood, roles of
cultural identity and climate change.

Cotacachi is deemed an appropriate site for this research for several reasons. The
Ecuadorian highlands form part of the Andean center of crop diversity (Harlan 1995; Vavilov
and Dorofeev 1992), and therefore hold particular importance for in situ conservation. So far,
however, scant research on agrobiodiversity conservation has been carried out in Ecuador in

comparison with other parts of the Andes (Brush 2004; Brush, et al. 1995; Quiros, et al. 1990;
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Zimmerer 1996; Zimmerer 2003). The current project aims to contribute to change this situation.
Previous studies from Cotacachi indicate that a number of crops are grown by Cotacachi’s
farmers (Ramirez and Williams 2004; Skarbe 2005, 2006) and the present research aims at
documenting this diversity in greater detail.

Cotacachi is also a particularly appropriate site to investigate the role of cultural identity
in agrobiodiversity maintenance. Cotacachi’s rural areas are mainly inhabited by people
identifying as indigenous Kichwa (UNORCAC 2007; INEC 2011), and Cotacachi cantén® was
the first county in Ecuador to elect an indigenous mayor, in 1996. People from the area have
played key roles in the buildup of local as well as national indigenous and peasant movements
(Ortiz Crespo 2004).

In Cotacachi, climate change is starkly manifested in the recent loss of its volcano’s
glacier, affecting local hydrological patterns (Rhoades 2007; Rhoades, et al. 2006). Already at
the turn of the millennium farmers noted increased climatic irregularity as a factor presenting
new challenges to agricultural production, resulting in higher harvest loss (Rhoades et al. 2006).
Further, farmers in a community located in the highest part of the agricultural zone, right below
the paramo, Ugshapungo, noted that they recently had been able to grow maize — a crop that
formerly had been restricted to the warmer, lower parts of Cotacachi (Skarbg 2005). These
former observations indicate that the area is one in which climate change is already affecting

local fields and farmers’ decisions, warranting further investigation into these processes.

* A cantén is an Ecuadorian geographical-administrative unit, roughly corresponding to the size of a
United States county. The country is divided into 24 provincias, which altogether encompass 224
cantones. Each canton is further subdivided into various parroquias.
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Figure 1.1: Location of the study area Cotacachi in Northern Ecuador.

Figure 1.2: Fields of Cotacachi.
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1.4 Cotacachi: Folks and Fields on a Mountain’s Slopes
Cotacachi canton is located about 80 km north of Ecuador’s capital Quito, in the country’s
northern highlands (Figure 1.1). It is the home to a total of 40,036 inhabitants (INEC 2011), and
covers an area of 1848.5 km®, encompassing a vast array of habitats and ecosystems (Peiiafiel
Cevallos 2003). From the Inter-Andean valley bottom in the east it stretches up to the peak of
Mama Cotacachi, at 4939m, and down through the cloud forest and out west into Ecuador’s
coastal tropical lowlands. This study however, is focused on the canton’s Andean part, including
the parroquias® Quiroga, San Francisco, El Sagrario and Imantag, and covering an area of 219
km? (Zapata Rios, et al. 2006). Data from a survey carried out in 2005 showed that 15,884 people
lived in one of 43 Andean rural communities (UNORCAC 2007). The remaining population is
mainly urban and divided between the three small towns of Santa Ana de Cotacachi (normally
referred to as Cotacachi), Quiroga and Imantag. While a majority of urban inhabitants identify as
mestizo, most rural residents consider themselves indigenous (INEC 2011). The urban
population is mainly engaged in service, trade and tourism sectors, and the town of Cotacachi is
also known for its leather industry. Agriculture remains an important rural activity, and over four
fifths of community households own and cultivate their own land (UNORCAC 2007). At the
same time, many engage in wage work, within sectors such as construction, industry, larger-scale
agriculture (haciendas [estates], flower greenhouses), handicraft production and tourism. Women
also take posts as domestic workers or perform laundry service. Many men migrate weekly to
Quito or further destinations (Flora 2006), while women to a larger degree stay on farm or work
in nearby towns.

Agriculture is carried out from the valley bottom at approximately 2300m and up toward

an altitude of about 3200-3300m (Figure 1.2). Agricultural production is roughly divided into
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two systems: that practiced by large haciendas, and that by smallholders belonging to one of the
rural communities spread on the slopes of Mama Cotacachi. While haciendas typically produce
on a large scale and market oriented, smallholders’ production is more for subsistence use —

although some also grow for the market. During colonial and post-colonial times, well into the
20™ century, most land in Cotacachi and the surrounding regions was owned by mestizo-white
hacendados and the Catholic Church, and worked by indigenous peasants (Meisch 2002, Moates
and Campbell 2006), like in most of the Ecuadorian highlands (Becker 2008, Lyons 2006).
Members of the latter group were only remunerated by usufruct rights to land for their own
subsistence production, as well as water and wood collection. Land reforms in 1964 and 1973
partly dismantled this exploitative system, and communitarians gained land rights and
independence (Becker 2008, Meisch 2002, Moates and Campbell 2006). However, the process
was largely uneven; the amount of land allotted varied extensively, and much land remained
under hacienda control. Some were only given rights to the small parcels their families had
cultivated for subsistence purposes prior to the reforms, while others actually were able to access
parts of former hacienda fields (Lema 1995, Skarbg 2005). By the year 2000, an estimated 40%
of the hacienda fields of 1963 had been converted to smaller, redistributed parcels of less than 5
hectares (Zapata Rios, et al. 2006). As a result, smaller fields then constituted a total of 6334 ha
(Table 1.1). According to a survey conducted in 2005 (UNORCAC 2007), there are 3224
households in Cotacachi’s 43 communities, and, assuming all parcels less than 5 ha belongs to
them, each household on average cultivates about 1.96 ha. However, in reality, also within and
between communities, land sizes vary. In the present study’s survey of 89 farms across five
communities, average reported farm size was 1.05 ha (standard deviation 1.72 ha), with a range

of 0.035-10.0 ha. According to local inheritance patterns, each child is given a section of the
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parents’ land at generational shifts, implying a constant decrease in the size of households’

holdings.

Table 1.1: Size of cropland in Cotacachi, 1963 and 2000. Data source: Zapata Rios et al. 2006.

Size of cropland 1963 (ha) 2000 (ha) Change (ha)

<5 ha 4107 6334 2227
>5 ha 5523 3048 -2475
Total 9630 9382 -248

The struggle for land is ongoing in Cotacachi. In the 1990s, the community of Tunibamba
won a long court fight for land rights to the hacienda surrounding the community settlement
(Moates and Campbell 2006). In the community of El Batan, villagers joined together to take up
a bank loan and purchase a tract of another adjacent hacienda in 2005 (Francisco Guitarra, pers.
comm.). Some of the younger households in this community close to urban Cotacachi had next
to no land before the purchase, and the 0.125 ha achieved per participating family now give them
the opportunity to substantially increase food self-sufficiency.

On the one hand, this process is facilitated by decreasing land productivity and interest in
agriculture among some hacendado families, but on the other, it is discouraged by rising land
values, due to recent urbanization projects — not least catering to a new immigrant wave from
North America. Thus, another part of the hacienda that El Batan’s communitarians were able to
partly buy was purchased by a land developer and turned into a gated community for foreign
immigrants. The frictions set in motion by this quite recent of globalization’s unpredictable turns
are indeed worthy a deep inquiry, but here I shall let it rest. Likewise, examining haciendas and

their histories and current states would surely yield interesting insights, but since a dissertation
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can only encompass so much, neither did I include them in my research. This study focuses on

agriculture as practiced by Cotacachi’s communitarians.

1.5 Methodology

Dissertation research was conducted through 12 months of fieldwork in Cotacachi during
2009-2010. T employed a multi-method approach, principally consisting of participatory
observation, interviews, farm household surveys, workshops and mapping. Throughout the year I
lived and took part in a multitude of everyday and festive activities in the compound of a three-
generation family in the community of Turuco, located in the study area’s lower zone,
approximately 1.5 km from the town Cotacachi. I also spent time and participated in a suite of
agricultural, food-related and communal activities in several other communities. I further
attended events and activities arranged by the local municipality and non-governmental
organizations. In particular, I collaborated with and participated in many of activities arranged by
the Union de Organizaciones Campesinas e Indigenas de Cotacachi (UNORCAC) — an
important local non-governmental organization working to achieve development with identity
(desarollo con identidad) (Rhoades 2006) and good living (alli kawsay/buen vivir) in the 43
Andean communities of Cotacachi’s Andean zone (UNORCAC 2008). These experiences gave
ample opportunity to observantly participate in patterns and motions of culture, climate and
agriculture.

I conducted various types of interviews, including life history interviews (Counihan
2004; Nazarea 1998) and open-ended and semi-structured interviews with farmers and
representatives for various governmental and non-governmental organizations. In collaboration

with UNORCAC and colleagues at the University of Georgia I arranged a series of workshops
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focused on agrobiodiversity, food and climate change, with a combined participation exceeding
200 people. Another major activity consisted of a farm survey in five communities,
encompassing 89 households. During the survey, I collected detailed information regarding
among other topics agrobiodiversity, food consumption and farm characteristics. Because of the
extensive nature of the interview schedule as well as collection of food consumption data at
several points in time, each household was visited at least twice during the course of the
fieldwork. In the analysis of survey data, I additionally draw on data collected from a subset of
the surveyed farms during my research in the area in 2003-2004.

Together with Kristin VanderMolen I examined and mapped shifts in the patterns of
maize cultivation through farmer-guided transect walks along the upper edge of Cotacachi’s
agricultural zone. During much but not all of the work, I was aided by research assistant Rosa
Ramos, who is an experienced farmer with great knowledge of the area’s agrobiodiversity. Most
Kichwa in Cotacachi are bilingual and also speak Spanish, but some, and especially elderly
women, prefer Kichwa for a free-flowing conversation. Although I gained a certain level of
Kichwa skills during the course of the time in Cotacachi, I far from master it fully, and it was
invaluable to be able to conduct interviews and facilitate focus group discussions also in Kichwa
with her help. For data management and analyses I used Microsoft Excel and STATA IC 11.2 for

Mac.

1.6 Structure of the Dissertation
The collection of articles springing out from this inquiry is organized as follows. Chapter
2 documents the portfolio of crops and varieties cultivated in Cotacachi in 2009, and analyzes the

relative importance of planting material of different origin as well as the distribution of different
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kinds of diversity in the area. It presents evidence of a rich but unevenly distributed diversity.
The next chapters examine changes over time in fields’ crop composition as well as people’s
perceptions and preferences of local and non-local foods. Chapter 3 presents some basic spatial
and temporal patterns ordering agriculture in Cotacachi’s communities and shows how these
were reconfigured toward the end of the past century, leading to simplified fields. Chapter 4
centers on currents and countercurrents in Cotacachi’s foodscape during the past four decades. It
shows that the process of reindigenization, in concert with other trends, has reshaped the values
placed on different types of food during recent years. Chapter 5 draws on comparative data from
my previous work in the area and presents a longitudinal analysis of changes in crop diversity
between 2003 and 2009. Chapter 6 recounts the successful emergence of a new farmers’ market
in Cotacachi, demonstrating an increased interest on part of the urban population in accessing
products grown by indigenous farmers in the countryside surrounding their towns. Chapter 7
focuses on the rather formidable recent transformations of the crop diversity of one single crop,
quinoa, induced by a rising international demand and the programs of governmental and non-
governmental organizations. Chapter 8 examines patterns behind the currently observed uneven
distribution of diversity, by analyzing which farm and household factors are associated with
higher and lower levels of agrobiodiversity. In a novel fashion it incorporates cultural variables
in an econometric analysis framework, and demonstrates that these indeed matter in shaping
household’s diversity decisions.

The following two chapters examine the impacts of climate change on Cotacachi’s
agriculture. Chapter 9 examines the diverse ways in which these pattern shifts affects agricultural
production and how farmers deal with new challenges. Chapter 10 centers on one particular

adaptation measure: the expansion of maize cultivation to higher elevations. Finally, Chapter 12
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provides a synthesis of the insights gained from the research, and discusses implications and

future research directions.

1.7 A Note on Language

As noted above, Cotacachi is a highly bilingual area, and most rural residents speak both
Kichwa and Spanish. In this text, words in both languages appear in italics, as do Latin scientific
species names. In Chapter 2, Kichwa and Spanish words are distinguished between by placing
Kichwa terms in bold italics. Kichwa is only recently being established as a standardized, written
language in Ecuador, and there are many different ways of writing each word. This work follows
the conventions of the recent dictionary published by the Ministry of Education (Ministerio de
Educacion 2009). The English names of Andean crops indicated here are those used in National
Research Council (1989). For a full overview of crop plant names and their translations in
Kichwa, Spanish, English as well as botanical species names, please refer back to Tables 2.1a-¢

in Chapter 2.
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Abstract

This study documents the content and extent of the agrobiodiversity cultivated by Kichwa
farmers in Cotacachi, Ecuador. This area forms part of the Andean highlands, a center of origin
and diversity of a number of crops. The maintenance of agrobiodiversity on farms in the world’s
centers of crop diversity is important for agriculture’s capacity to adapt to changing
environments. So far, research on the conservation of Andean agrobiodiversity has mainly been
focused on the Central Andes and on the potato. The present study expands former insights by an
investigation from the Northern Andes encompassing the diversity of a broad portfolio of crops.

Data were collected through participant observation, interviews, focus group discussions,
workshops and a farm survey. The results show that Cotacachi’s farmers collectively cultivate a
rich but unevenly distributed crop and intracrop diversity. A total of 103 crop species are grown
for food and forage, and about half of these are of New World origin. Within 20 of the most
important field crops, 367 varieties are documented, 90% of which are landraces. The most
diverse crops are common beans (Phaseolus vulgaris) and maize (Zea mays). There is great
unevenness among crops as well as varieties in terms of their extent among the area’s farms.
Likewise, farms vary widely in terms of the number of crops and varieties grown. The low
frequencies of certain crops and varieties may be an indication of a reduction of their extent

during the past decades.
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2.1 Introduction
2.1.1 Introduction

This study sets out to document the agrobiodiversity* grown in the Kichwa communities
of Cotacachi in the Ecuadorian Andes. Literature on Ecuadorian agrobiodiversity is scarce,
despite its location in the Andean center of crop domestication and diversity (Harlan 1995;
Vavilov and Dorofeev 1992), and it is high time for researchers to begin to comprehend the
nature and extent of the crop and intracrop diversity present on the country’s current farms. The
maintenance of agrobiodiversity in this region is important both in local and global perspectives;
plant genetic resources from the world’s centers of crop diversity will play a central role for
agricultural adaptation to changing future environments (FAO 2010). Knowledge about the
current status of on-farm agrobiodiversity is needed in order to effectively plan conservation
initiatives. The present study adds to insights from other parts of the Andes (Brush 2004; Brush,
et al. 1995; Quiros, et al. 1990; Zimmerer 1996) by investigating the content of the locally
present crop diversity, its local classification, the relative importance of Old World vs. New
World crops as well as modern varieties vs. landraces, and the distribution of this diversity

among the area’s farms.

2.1.2 The Andean Cradle of Agriculture

Andean agriculture has deep roots. Abundant variation in environmental conditions along
altitudinal, climatic and soil gradients in this tropical setting has given rise to the evolution of
rich wild biodiversity (Young, et al. 2002). Archaeological research shows that early foragers

subsisted on a diverse plant portfolio, including grains, seeds, nuts, fruits, greens, bulbs, roots

* The study focuses on the part of agrobiodiversity constituted by cultivated plants, and thus excludes the
diversity of animals, invertebrates and microorganisms found in agricultural systems. The term
agrobiodiversity is used interchangably with the term crop diversity in this paper.
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and tubers (Dillehay and Rossen 2002). As foragers moved toward agriculture through
subsequent millennia, a range of plants was also brought into the domus. The archaeological
record of agriculture goes back to around 8000 BC; squash phytoliths on the Ecuadorian coast
and arrowroot and tree crop remains in the Colombian sierra have been dated to this period
(Pearsall 2008). Other early domesticates include gourds, other roots and tubers, cotton, peanut,
jack bean (Canavalia plagiosperma), lupines (Lupinus mutabilis), quinoa (Chenopodium
quinoa), amaranth (Amaranthus caudatus) and cafiahua (C. pallidicaule), and before 2500 BC
common beans (Phaseolus vulgaris), lima beans (P. lunatus), potato (Solanum spp.), sweet
potato (lpomoea batatas) and Capsicum peppers were also grown (Pearsall 2008). Over time, all
these crops were dispersed within the region, and landraces adapted to different environments
developed. Along the way, crops from other areas were introduced. Maize (Zea mays) is a
particularly significant and early import; from its domestication in Mexico it wound its way
southward, and already by about 6000 BC, people had introduced it to what is now Colombia
(Pearsall 2008). The earliest maize records on the Ecuadorian coast date as far back as to 5000
BC (Zarrillo, et al. 2008). Large-scale landscape modifications, including terracing, irrigation
networks, and raised fields, allowed for intensified agricultural production, and are associated
with the rise of grand civilizations including the Tiwanaku and the Inca empire (Chepstow-
Lusty, et al. 2009; Morris 1999).

After the Spanish conquest around 1500 AD, new crops were added Andean fields
(Crosby 1972; Hernandez Bermejo and Leon 1994). On the coast, sugarcane and bananas were to
become important plantation crops, grown in monoculture and over vast areas. Other introduced
crops that were to thrive in the lowlands are rice and various fruits, notably citrus. In the

highlands, wheat, barley, rye, faba beans, peas and lentils as well as new fruits and vegetables
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were integrated with the formerly grown crops. The adoption of this new host of crops must have
reduced the space allocated to native crops; however, it also significantly expanded the crop
diversity available to farmers. It is difficult to assess the impacts of the “Columbian exchange”
on native crop diversity, as inventories are lacking (Hernandez Bermejo and Leon 1994). It may
well be that species and varieties once exploited fell out of use, but, general surveys have shown
that a significant portion also persisted and developed — despite disdain and stigma as “poor
people’s food”, and perhaps much because of the crops’ high adaptation to local environments
and deep inscription in culture (National Research Council 1989). Even if it has been observed
that species from both the New and Old Worlds are grown in the Andes today, there has been
little investigation of the relative importance of each group.

A second major influence on the world’s and the Andes’ agrobiodiversity ensued as crop
breeding advanced as a science through the 20" century. Development of formally bred modern
varieties (MVs) for developing country agriculture began in the 1940s, and in the 1960s and 70s,
a wave of high yielding MVs of major staple crops spread across the Global South, especially in
Latin America and Asia (Fowler and Mooney 1990). Together with chemical fertilizers to raise
yields, agrochemicals to fight pest and disease and the promotion of mechanized monoculture
production, this process is known as the Green Revolution (Evenson and Gollin 2003). It has
been credited for increasing the volumes of marketed food supplies, but at the same time blamed
for a host of new problems including chemical pollution, unemployment (Cleaver 1972; Shiva
1991) and, loss of local crop diversity (Fowler and Mooney 1990; Frankel 1970; Rhoades 1991).
Alarms about erosion of Andean potato diversity date back to the 1970s — when concerned

scientists saw that their improved varieties wiped away from farmers’ fields the very diversity
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from which they were bred, and from which supposedly the future’s new varieties would also be
created (Ochoa 1975).

In the 1980s and 1990s, however, it became clear that extinction was not complete; in
sites in Southern Peru even market-oriented farmers at least maintained some native landraces
for home consumption (Brush, et al. 1992). Zimmerer (1996) found that in the same region,
native diversity of potatoes, melloco (Ullucus tuberosus), maize and quinoa survived in certain
pockets of the agricultural landscape. Few studies have investigated the fate of crop diversity in

the Ecuadorian Andes.

2.1.3 The Present Study

This paper adds to the literature on agrobiodiversity conservation through a case study in
Cotacachi, an area in the Ecuador’s northern highlands. It takes a comprehensive approach,
encompassing documentation of diversity at both crop and intracrop levels. It seeks to identify
the impact of the two major incursions of agrobiodiversity identified to have taken place during
the past five centuries, by analyzing the relative importance of Old World versus New World
species and modern varieties versus landraces. Finally, in order to better understand the
conservation status of the overall present crop diversity, it also includes an analysis of crops’ and
varieties’ distribution among the area’s farms.

This approach will broaden former insights in two ways. Research documenting the
extent of Andean agrobiodiversity has primarily been focused on the Central Andes, and much
attention has been given the potato. By its focus on Ecuador and the complete crop portfolio, the

current study provides fresh and comparative material.
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The paper is structured as follows. First, I review previous research and approaches to
classify and assess cultivated biodiversity. Next, the study area and methods are reviewed. In the
ensuing sections I present results and discuss them along the way. I first present an overview of
the crops present in Cotacachi, followed by an analysis of the relative importance of species with
Old World versus New World origin. Next, the intracrop diversity is reported, including a
discussion of how farmers classify the within-crop diversity they manage and an examination of
the extent of modern varieties versus landraces. After this, I present an analysis of diversity’s
distribution among the area’s farms. Two dimensions of this distribution is examined: the
commonness of each crop and variety, and the numbers of crops and varieties on each farm. At

then end of the paper, the results are discussed in relation to previous research.

2.1.4 Classification and Assessment of Cultivated Biodiversity
2.1.4.1 Classification of Biodiversity

Folk classification of biodiversity has been a recurring topic in ethnoecological research
since the 1950s, when Conklin (1954) documented an extensive system of plant classification
among the Hanunéo in the Philippines, with over 1800 named plant categories. Since then, it has
been shown that elaborate folk taxonomies ordering the realm of living beings into related
categories exist in many different cultures (Anderson and Medina Tzuc 2005; Atran 1985; Berlin
1992; Berlin, et al. 1966; Berlin, et al. 1974; Boster 1985; Ellen 1993; Hunn 1982; Nazarea
1998). It has further been demonstrated that these categories or taxa are ordered in relation to
each other in ranked systems, and that on one level (“generic taxa”), they correspond rather
closely with genus or species scientific taxa (Berlin 1992). In the case of domesticated species,

generic folk taxa are in many cases subdivided into specific and varietal taxa (Berlin 1992).
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2.1.4.2 Classification and Assessment of Intracrop Diversity

Analyses have shown that on an individual/household level, there is good correspondence
between farmer-identified varieties and biological units arrived at through agromorphological,
biochemical or DNA analyses. For instance, Quiros et al. (1990) showed high consistency
between farmer named potato varieties and phenotypes identified by analysis of biochemical
markers (isozymes). The Peruvian farmers participating in the research tended to slightly
underestimate the number of potato varieties in relation to those found in the laboratory analysis.
Research from Morocco on faba beans likewise showed agreement between farmer identified
varieties and phenotypes arrived at through hierarchical cluster and multivariate discriminant
analysis of agromorphological traits, and a further analysis of molecular markers confirmed that
within-variety genetic variation was lower than that between varieties (Sadiki, et al. 2007).

This correspondence has a logical cultural-biological explanation; farmers create varieties
by selecting for plants with certain traits that appear in the field, and when these traits have a
genetic base, they (and any other traits to which they are genetically related) are reinforced
through time. As any plant may be favored for a number of different traits, suiting multiple uses,
needs and likes, different varieties develop during the course of generations. It was of course
Darwin who first pointed this process out, and to convince the reader he used the example of
strawberry varieties’ rapid development during the 19" century:

As soon, however, as gardeners picked out individual plants with slightly larger, earlier,

or better fruit, and raised seedlings from them, and again picked out the best seedlings

and bred from them, then, there appeared (aided by some crossing with distinct species)

those many admirable varieties of the strawberry which have been raised during the last

thirty or forty years.

(Darwin 1964 [1859]: 42-43)
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Ethnoecological research has shown that farmers often use morphological criteria to
distinguish between varieties (Boster 1985; Nazarea 1998). Indeed, Boster (1985) has argued that
a distinct morphology is key for newly appearing variants to survive and become varieties; it is
only if a plant type can be perceptually distinguished from others that farmers may appreciate it
as different, and if it in addition exhibits some other favorable trait, the chances increase it will
be propagated. Color has been identified as a particularly important trait for distinguishing
varieties (Berlin 1992). Morphologically distinct varieties are further characterized and evaluated
by a set of different criteria. For instance, sweet potatoes in the Philippines are evaluated
according to criteria linked to gastronomy, life habit, familiarity, agronomy and function
(Nazarea 1998).

While the correspondence between farmer-named varieties and biologically distinct units
is proven to be good, the consistency between farmers in how they name varieties is not always
complete: sometimes the existence of synonyms (different names applied the same variety) and
homonyms (the same name applied to distinct varieties) complicates this relation (Camacho
Villa, et al. 2006). Examinations of rice diversity in Nepal (Bajracharya, et al. 2006) showed that
such patterns may vary by site. Cluster analysis of agromorphological traits revealed that seed
lots bearing the same name sampled from different farms carried similar traits within two sites.
In a third site, however, the overall morphological variation was much lower, and a similarly
clear pattern could not be distinguished. Sadiki et al. (2007) showed that for faba beans in
Morocco, the consistency in variety naming decreased with geographical distance; while farmers
in the same village largely named varieties with the same agromorphological traits by the same
name, the use of alternative names became more prevalent in villages of increasing distance. In

sum, the extent to which farmers name populations with a similar genetic makeup by the same
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name seems to vary by site and be higher for farmers living in close proximity than those further
away.

Scientists working with agrobiodiversity have as yet failed to agree on how to define the
units of intracrop diversity that farmers manage (Camacho Villa, et al. 2006; Zeven 1998). Here [
employ the term seed lot defined as “the set of seed of a particular type, selected and sown by a
specific farmer during a season” (Louette 1999: 112). Louette (1999) further defines a variety as
“the set of farmers’ seed lots that bear the same name and are considered to form a homogenous
set” (p. 112). I employ this definition with weight on the second part, taking into account that
sometimes synonyms and homonyms confuse the link between a name and a variety. Varieties
can be divided into two main types: landraces and modern varieties (MVs)’. A much-cited
definition for a landrace is that of Harlan (1975)°, while a more recent and concise proposal
defines it as “a dynamic population(s) of a cultivated plant that has a historical origin, distinct
identity and lacks formal crop improvement, as well as often being genetically diverse, locally
adapted and associated with traditional farming systems” (Camacho Villa, et al. 2006: 381).
Landraces are often contrasted with modern (scientific) varieties (MVs) that have been bred and
released from plant breeders, synonymous with high yielding varieties, improved varieties and
formal varieties. In this paper, I use the terms “landrace” and modern variety (MV) as referred to

above, as well as the term “variety” as encompassing any or both.

> Sometimes further categories are used, such as farmer varieties (FV), which may also encompass
modern varieties that have been cultivated and managed by farmers over an extended period of time,
resulting in modifications of the varieties’ characteristics (Almekinders and Louwars 1999, Zimmerer
2003).

%“Land races have a certain genetic integrity. They are recognizable morphologically; farmers have
names for them and different land races are understood to differ in adaptation to soil type, time of
seeding, date of maturity, height, nutritive value, use, and other properties. Most important, they are
genetically diverse. Such balanced populations-variable, in equilibrium with both environment and
pathogens, and genetically dynamic-are our heritage from past generations of cultivators. They are the
result of millennia of natural and artificial selections and are the basic resources upon which future plant
breeding must depend.” (Harlan 1975: 618)
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There are several ways to measure agrobiodiversity (Brush 2004; Smale 2006). Here I
mainly employ count, which is a richness measure, defined as the “number of farmer-managed

units of diversity”” (Smale 2006: 9) on the crop and intracrop levels.

2.1.5 Study Area and Methods

This research was carried out over a 12-month period in 2009-2010 in the Andean zone
of Cotacachi Cantén in the Northern Ecuadorian Andes. The area covers 219 km” and an
altitudinal span of 2080-4939m, and harbors high levels of wild and cultivated biodiversity
(Rhoades 2006). Agriculture is carried out from the plain fields of the Inter-Andean valley
bottom at 2300m and up the slopes of the dormant volcano Cotacachi to an altitude of about
3300m. Before land reforms in the 1960s and 1970s, most agricultural land belonged to
haciendas, owned by mestizo-whites and labored by indigenous Kichwas (Moates and Campbell
2006). Although sizeable tracts of hacienda land remains today, 67.5% of cropland is constituted
by fields less than 5 hectares, most of which are owned and farmed by Kichwa households
settled in one of the 43 communities in the area’s rural zone (UNORCAC 2007; Zapata Rios, et
al. 2000).

Data for the current paper were collected during participant observation, interviews,
focus group discussions, workshops and a survey of 89 farm households. An initial overview of
local crop diversity and its classification was gained through previous work (Skarbg 2005;
Skarbe 2006), interviews and focus group discussions. On this basis, a list of crops grown for

food’ or forage was compiled®, and a subset constituting the most important field crops suitable
g p g p P

" Food is here broadly understood as everything that is ingested, including herbs used as condiments and
teas.
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for further examination of intracrop diversity was identified. These two lists were used to prepare
an interview schedule for the subsequent farm survey. For the survey, households were sampled
across five communities representing differences in geographical and altitudinal distribution in
the area, as well as variations in average farm size and ratio of subsistence vs. commercial
production. In these relatively small communities (mean=57 households, standard deviation=26),
purposive quota sampling taking into account age of household heads was used to ensure
representative inclusion across age groups (Teddlie and Yu 2007). The survey included 20
households in each community except for one, where no more than a total of nine households
were living at the time of the study, and the sample only reached this number. All interviews
were conducted by the author, in the majority of cases accompanied by a Kichwa-Spanish
bilingual research assistant. Interviews were carried out in Spanish, Kichwa, or a combination of
the two languages, according to the preference of the interviewee. Household heads were asked
to list all crops cultivated during the previous 1-year period. After an initial free listing of crops,
each of the crops included in the prepared list were prompted for’. For 18 field crops (20
species), diversity was also assessed at the intracrop level. Within each of these crops, farmers
were asked to identify and describe each variety they had planted during the previous year. Most
interviews were conducted on the farms, and whenever possible, the elicitation was accompanied
by field and garden visits as well as demonstrations and photography of stored seed.

During the research it was recognized that varieties were not consistently named by the

same name by all farmers. Several steps were taken to sort out the issue of naming, in order to

¥ The survey thus excluded certain species commonly grown for fiber (chawar mishki/penco blanco
[Furcraea cabuya)), fencing (lechero [Euphorbia laurifolia), kabuya/penco verde [Agave americanal)
and ornamental (flowers) purposes.

’ In the case of herbs, this prompting list was not exhaustive, and only contained 10 species. This may
have slightly influenced the data, causing some herbs to be missed from the survey because farmers did
not remember them, resulting in a slight underestimation of household herb diversity.
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arrive at an overview of the total intracrop diversity. First, photographs allowed visual
comparison of varieties from different farms. Second, three workshops were arranged where
farmers brought in seed samples and discussed crop classifications and variety characteristics
and names. Third, my field assistant Rosa Ramos, who is a highly experienced local farmer and
researcher, accompanied me on a majority of the survey interviews as well as during workshops,
and collaborated closely in systematizing the data. These efforts have likely lead to a close
approximation of characterizing the actual intracrop diversity perceived and managed by
Cotacachi’s farmers. Still, and especially within the extremely diverse common beans
(Phaseolus vulgaris/purutu/fréjol/poroto)'® there might remain a limited number of superfluous
synonyms or homonyms in the data presented here.

Five types of crops are distinguished between in the research: field crops, vegetables,
fruits, herbs and forage crops. Field crops encompass crops that are usually grown in larger
extents in fields, whereas the other groups are typically grown in home gardens. In practice, the
categories are somewhat diffuse; some crops that here are categorized as field crops may be
included in home gardens (such as yacon, arracacha, sweet potato, runner bean), and sometimes
vegetables are included in fields (e.g. some cabbage plants may be planted in a maize/bean
intercrop). However, for purposes of this analysis, these categories provide a useful approximate

frame. Data analysis was performed using STATA IC 11.2 for Mac and Microsoft Excel.

"% In the text, scientific (Latin) plant names and Spanish terms are given in italics, while Kichwa terms are
given in bold italics. For many Andean crops there is no standardized English name; here they are written
according to conventions in NRC (1989).
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2.2 The Richness, Classification and Origin of Crop and Intracrop Diversity in Cotacachi
2.2.2 Crop Diversity in Cotacachi
2.2.2.1 Overall Crop Diversity

A total of 103 cultivated'' food and forage species were documented in the research. In
accordance with patterns found in previous research (Berlin 1992), local crop classification in
Cotacachi mostly corresponds to scientific species divisions. The 103 species correspond to 107
locally recognized crops. The three different potato species'’ present in the system are
distinguished between on a subcrop (“specific” in Berlin’s [1992] terms) level, but considered
types of the same crop (papa/papa). In contrast to potatoes, the different varietals of Allium cepa
(onions) and Brassica oleracea (cabbage, cauliflower etc.) are considered different crops, as is
common in other folk taxonomies. Tables 2.1a-e provide an overview of crop names, origins and
popularity on Cotacachi’s farms. Considering the number of species present in the system, fruits
(32) and herbs (30) are most numerous, followed by field crops (25) and vegetables (15). Only

one forage species is documented.

2.2.2.2 The Relative Importance of Crops with Old World and New World Origins
Roughly half (49) of the species are of New World origin, and the other half (54) are
introductions from the Old World — most of which are domesticates from the Mediterranean and

Near East regions (Tables 2.1a-e and 2.2a). However, patterns of origin vary among kinds of

"I have here counted the weedy ara papa (Solanum sect. Petota) as a cultivated species, although it is
considered half-wild by local farmers as well as scientists (Spooner and Hetterscheid 2006). According to
farmers in Cotacachi it does require some management in order to thrive, such as toleration, throwing
seed (tubers) back into fields, and keeping pigs out of fields.

"> The distinction into three different species applied here is based on the widely accepted classification
presented by Hawkes (1990). However, scientists continue to discuss potato species classification, and
Spooner and colleagues have proposed to lump all cultivated potatoes into one species, divided into
different Groups (Huaman and Spooner 2002, Spooner and Hatterscheid 2006).
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crops (Table 2.2a). As much as 18 (72%) of the 25 field crop species are of American origin.
When it comes to vegetables the picture is reversed; only 4 of the 15 species are New World
domesticates, while 11 (73%) are Old World introductions. Native and introduced fruit species
are equally represented in terms of number, as 16 New World and 16 originally Old World fruits
are grown. Introduced Old World species dominate among cultivated herbs (19 or 63% of 30
species). The single registered forage species is alfalfa (Medicago sativa), with origin from the
Old World.

As measured by the number of farms where they are grown, the relative distribution of
crops of Old and New World origin is slightly different from the relation between total species
number of the two origins. Table 2.2b shows the sum of the number of times a species was
registered during the farm survey (N=89), broken down by crop group (i.e. the sum of the
number of farms where each species of each crop group is grown). In total, species with New
World origin were registered 801 times, while Old World species registrations totaled 794,
resonating with the near-half distribution between the New vs. Old World species numbers noted
above. The relation between crop species of the two origins is also maintained in the case of field
crops; 476 (74%) of the 644 field crop registrations concern New World crops. Yet for the
vegetable and herb crop groups, the dominance of Old World crops is increased when
considering proportion of registrations — they make up as much as 91% and 80%, respectively.
Conversely, New World fruit species are registered more frequently (249 or 62%) than Old
World ones (150 or 38%).

In sum, Old World introductions have come to play important roles in Cotacachi’s
farming system. Both in terms of number of species in the area as well as presence on surveyed

farms, they equal New World native crops. However, when it comes to field crops — the crops
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that are grown to the largest extent and arguably are most important for local subsistence — native
crops dominate. In an overall perspective, it is within the minor crops of vegetables and herbs
that Old World crops play the most important role. Few native species are cultivated for these
purposes, and they are on average grown on a lower number of farms than Old World
counterparts. This observation is related to the fact that Andean foods were traditionally prepared
with the addition of wild and semi-cultivated/tolerated plants and weeds. On the one hand, the
use of native plants as herbs and vegetables is thus likely slightly more prevalent than these
numbers indicate, if also considering wild and weedy species. On the other, Old World
vegetables and herbs have provided alternatives to these non-crop species, and have likely

displaced some of their use.

2.2.3 Intracrop Diversity in Cotacachi
2.2.3.1 Overall Intracrop Diversity

Intracrop diversity was assessed for 18 of the field crops (corresponding to 20 species).
Within these, a total of 367 varieties (“terminal taxa” — see next paragraph) were documented, of
which the great majority (335) were registered during the survey. In addition, a total of 20 mid-
categories between the crop and the varietal level were described. The Appendix (placed at the
end of the dissertation) presents a detailed overview of all these subcrop entities, including their
names and characteristics as well as the number of farms on which they were registered during

the survey.
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2.2.3.2 The Local Classification of Intracrop Diversity

In Cotacachi, classification of varieties resemble that documented in other parts of the
world (section 1.4.2), encompassing morphology in addition to a set of other characteristics. The
tables in the Appendix include an overview criteria used to distinguish and evaluate varieties
identified during interviews and focus group discussions. For most crops, people employ the
color and shape of the edible part (seed, tuber, fruit) to differentiate varieties. In addition, they
often use the morphology of plants and plant parts, including plant height, and the shape, size
and color of leaves, stalk, flowers, ears, husks or awns to distinguish them in the field. Varieties
may further be evaluated by growth cycle length, their origin, and use criteria such as
marketability, taste, cooking quality and suitability for different dishes.

In the classification system employed in Cotacachi, most crops are directly divided into a
set of different subcrop entities or varieties (clases, colores, variedades), based on a set of
criteria. However, within some of the crops (maize, beans, peas, faba beans, potatoes) people
distinguish between main classes, within which further varietal divisions exist. In the case of
maize (sara/maiz), ten main classes are distinguished between (Tables A2.2a-b in the Appendix).
Some of these, but not all, are further subdivided into finer entities with different kernel and cob
color (Table A2.4 in the Appendix). The ten main classes distinguished between by farmers
roughly correspond to 12 Ecuadorian maize races identified by scientists (Table A2.3 in the
Appendix). Six classes are identical, in a few cases farmers’ classification is more detailed than
scientists’, and in another few, it is the other way around. Common beans (purutu/fréjol) are
divided into short cycle non- or semi-climbing varieties (allpa purutu/fréjol matahambre) and
longer cycle climbing varieties (raku purutu/fréjol grueso) — resonating with the distinction

between bush beans and climbing beans common in other places and corresponding to
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differences in genetic makeup (CIAT nd). In the local classification system, common beans are
also related to but, as a set, distinguished from runner beans and lima beans (Table A2.6 and
A2.7, and Figure A2.1 in the Appendix). Peas are divided into five main classes, two of which
are further subdivided into varieties of different color (Table A2.12 in the Appendix). Faba beans
are classified into two main classes — short cycle small seeded chawcha hapas/haba chaucha
versus longer cycle larger seeded raku hapas/haba gruesa (Table A2.13 in the Appendix). Both
are again divided into finer entities. Potatoes are divided into three main classes corresponding to
different scientific species, and all of these are further subdivided (Table A2.16 in the
Appendix). The semi-cultivated ara papa (Solanum sect. Petota) and the short cycle chawcha
papa/papa chaucha (Solanum chaucha) are divided into varieties with different tuber skin color.
The third main class, corresponding to the scientific species Solanum tuberosum subsp.
andigena, encompasses all other cultivated potatoes. They are collectively usually just named
papa, but may also be called ali papa (good potatoes), when distinguished from chawcha papa
and ara papa". Within all of these crops, color is an important distinguishing trait on the
subdivision level, reflected in many variety names. However, farmers emphasize that color is not
the only trait that vary between these varieties:

For example the malva [a kind of climbing bean] climbs the plant, while the kijun ruana
purutu extends below and does not climb much up the maize plants. And the suku azul
winds itself up to the midpoint of the maize plant, flowers once, and pods in one go. But
it is severely affected by the lancha [general term for plant disease/pest]. The toa as well
is susceptible to the lancha. The toa flowers all at once, pods all at once and yellows all
at once, while the yana kara produces little by little. The hamzi wulun purutu is
different in the lower and the higher parts, it ripens step-wise — below it is already dry
when the upper parts are flowering. The foa has one single harvest, while the other has
two. By color one distinguished which is good, which is bad. On the other hand, the

" The observation that potatoes of the subsp. andigena are called simply “potatoes” or “good potatoes”
indicates that these are considered “prototype” potatoes — consituting the core of the potato category in
the local classification system (Berlin 1992).
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rakupurutu suni — this one resembles wulun, but it is suni [elongated] — is resistant
toward the lancha and as well toward drought. It is persistent: if it is winter, no matter
how dry it gets, when it rains again, it revives. Now, last Thursday, I went to harvest
maize, and there it was, this bean, with new flowers after the rain we had. The yurak
tawri purutu has a small plant, it does not climb, and with a stroke the flowers open,
“pak” it pods, and all the pods lie on the ground. The yana purutu climbs some 30
centimeters, it is a round plant with dark purple flowers, it also flowers all at once and the
pods are left there hanging. The lancha attacks this one more. We have every color, this
way we do not lose everything. In the faba beans it is the same. The yana hapas are
susceptible to the lancha, for this reason there aren’t a lot of those. The killu chawcha, on
the other hand, is not much affected by the lancha. It only bears pods on the upper part —
from the middle to the top there are pods on its plant. On the contrary, the wirti hapas has
pods from the ground to the top. And it is the same way with the peas. The luhana is a
tall plant and needs more water than the chawcha. The wirti chawcha needs only one
rain. The suku chawcha is as large as the luhana but it needs little water. On the other
hand, the killu chawcha has small pods, and tiny seeds. So, one differentiates all by
color. But it is not only the color that varies; it is also the form of producing and
extending.

(Woman, 40 years old, Quitugo)

Such “metaclassification”, where a crop is first divided into broad categories, which
again are divided into varieties by traits, has also been observed for durum wheat (Taghouti and
Saidi, 2002, cited in Sadiki, et al. 2007) and alfalfa varieties (Bouzeggaren, et al. 2002 cited in
Sadiki, et al. 2007) in Morocco as well as potatoes in Peru (Brush 1992). In this work, “varieties”
refer to the lowest level (and for most crops the only) local distinction of subcrop entities, while
“main classes” refer to any mid-level subcrop distinctions, in the cases they exist. Variety counts
in this study consist in counts of all “terminal taxa” (Berlin 1992), i.e., intracrop taxa that are not

further subdivided in the local classification and management system.

2.2.3.3 Synonymy, Homonymy and other Fuzziness in the Local Classification System
Cotacachi farmers’ intracrop classification contains a certain level of name-multiplicity.

As described in the methods section, issues of synonymy, homonymy and inconsistency in
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variety naming and classification encountered during the farm survey was worked out through
interviews and workshops with focus group discussions. For the total 367 varieties documented,
there were altogether 499 variety names — 152 of which were synonyms and 18 of which were
homonyms (See Tables in the Appendix for information on all varieties and variety names, Table
2.3 for summary data per crop and Tables 2.5-2.6 for information regarding homonyms). This
corresponds to an average 1.36 names per variety. For the majority of varieties only one name
was registered, but some had up to seven names. Small name variations, such as the exclusion of
a pre- or suffix or the presence of both Kichwa and Spanish versions of a name were not counted
— this would have substantially increased the number of names in use. Often, when the crop or
crop main class is understood from the context, and in particular when the variety name is long, a
pre- or suffix indicating crop or crop main class will be excluded from speech. Many names exist
locally both in Spanish and Kichwa forms, adding another layer to the name complexity.

Some patterns can be teased out regarding the abundance of names. Synonyms are in
general much less abundant within root and tuber crops, in comparison to grains, legumes and
cucurbits (Table 2.3). This distinction may be related to the way the crop varieties are named.
Varieties of those belonging to the former group are mostly known either by commercial name
(Solanum tuberosum subsp. andigena potatoes) or by a term denoting skin color — the most
salient morphological difference between varieties. And since these skin colors are rather
unambiguous, not a whole lot of different names are applied. On the other end of the scale we
find the grain crops — where the naming conventions are much more diffuse. Perhaps is this
because the grain itself is hidden and small. Instead of only focusing on the color of the eaten
part, a variety of other distinguishing characteristics is used to name the varieties. Hatun

kinuwa, for instance, is registered by a total of seven names (Table A2.19 in the Appendix). It is
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called “large quinoa” because its plant is taller and its seed is larger than those of other landraces.
It is called “maize quinoa”, because it ripens at about the same time as maize does (later than
other quinoa landraces). It is called “year quinoa”' for the same reason. Some call it pampa
kinuwa—translated to field/rural quinoa — as opposed to the other tall variety grown — which is a
recently introduced MV. It is called “yellow quinoa” because its seed are more yellowish than
those of the whiter chawcha kinuwa and the reddish puka kinuwa. Finally, it is also called
“white quinoa” because of the white powder on its leaves — different from the red or pink of
other varieties. A related pattern is also found within crops; varieties that are unambiguously
described by e.g. a unique color term are more frequently called the same by everyone, while
those with a color pattern or morphology more inviting to let the fantasy play, inspire a set of
different names. Thus, there is just one name for the only blackish maize type — yana sara or
“black maize”, while there are four terms for the one with kernels colored red with yellow
stripes; “placenta maize”, “mother earth maize”, “striped large tabled maize” and “yellow striped
maize” (Table A2.4 in the Appendix).

Experienced farmers are cognizant of the existence of synonyms and sometimes provide
different names of the same seed — and even indicate the geographical place where those other
names are common. On the other hand, younger folks who do not have farming as their first
occupation sometimes have no idea what variety of quinoa they have planted, nor do they know
their beans by name. Further, even among the more knowledgeable the consensus is not 100%;
during workshops and focus group discussions, there would sometimes be disagreement
regarding the differentiation and naming of varieties. For instance, a certain kind of wheat (puka

triku) was considered a distinct variety by the majority, but there were also those who insisted it

" Wata kinuwa (quinoa of the year) is a term that is also applied to quinoa seeds from the previous year—
generally having lost much of their ability to sprout.
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was nothing but a “polluted” form of another variety. Even if great care has been taken to
accurately understand, systematize and describe the agrobiodiversity perceived, cared for and
employed by Cotacachi’s farmers in the present work, this kind of “fuzziness” (Nazarea 1998) is
a reminder that agricultural biodiversity is alive — in constant change and sometimes perceived
differently even by neighboring farmers. Neither the nature of and the boundaries encompassing
biological units nor people’s perceptions and cognition regarding these categories and their
constellations are fixed in time nor space. The picture provided here is approximate, but for sure

not accurate according to all.

2.2.3.4 Differences in Varietal Diversity between Crops

There is great difference between crops in terms of the number of varieties present in the
farming system (Table 2.3). Beans and maize decidedly represent the greatest varietal diversity
registered during the research; close to one half (176 or 48.0%) of the registered varieties are
common bean varieties, and maize varieties constitute another fifth (80 or 21.8%) of the total
count (367). Between the three potato species there are 22 varieties (6.0%), and there are 15
runner bean varieties (4.1%). Within each of the remaining crops, there are eight or fewer
varieties documented.

To what extent does the number of varieties within a crop correspond to the level of
genetic diversity present in the area? The high varietal diversity documented within beans and
maize in Cotacachi, both in terms of names and varietal characteristics, clearly reflects a wide
genetic diversity as well. Maize from as much as 11 of the 17 highland races identified by

Timothy et al. (1963) based on thorough documentation of maize from the whole of Ecuador, is
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present in Cotacachi, in addition to one lowland race'’. This demonstrates presence of a broad
genetic diversity. Maize and beans constitute agricultural and cultural core crops in Cotacachi —
they are the main components of intercropped chakra fields (Chapter 3), and as in other parts of
Latin America, their millennia long cultivation has fostered great varietal diversity. The crop
with the third highest number of varieties, the potato, stands in a rather peculiar situation. On the
one hand, much previous landrace diversity has been lost within this crop during the past
generation, and modern varieties now make up most of the area planted with Solanum
tubersosum subsp. andigena. These modern varieties encompass substantial genetic variation
between them, as they are bred from diverse material. While the diversity represented by these
varieties may be significant, concomitant is the near extinction of previously present landrace
diversity. When it comes to runner beans, next in line, the rather high number of varieties (15)
basically only show differences in color traits, and the genetic diversity found in the local
populations of the crop is probably lower in comparison to several other crops with fewer
varieties. For instance, different varieties of sambo and zapallo cucurbits exhibit variation within
a number of different traits (Tables A2.26 and A2.27 in the Appendix), and the lower numbers of
varieties identified by farmers within these crops likely harbor a rather high level of genetic
diversity. Based on field observations, I further suspect that the lower number of varieties
identified within some of the crops, such as lupine (3 varieties) and quinoa (4 varieties), actually
contain wider genetic diversity than these numbers indicate. In sum, the results of this research
suggest that while number of varieties might be a good, first indication of agromorphological and

genetic diversity, this measure may, even within one site, mask greater or lower levels of

" The current presence of the lowland race Uchima (muruchillu/morochillo) is likely a product of
farmers’ adaptation of their agriculture to a warmer climate (See Chapter 11).
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diversity, depending on the crop. Future research encompassing analysis at molecular and

genetic levels would help further clarify these issues.

2.2.3.5 The Role of Modern Varieties

Even if MVs were introduced already from the beginning of the Green Revolution era in
the 1960s and 1970s, landraces make up 90% of the currently cultivated varieties in Cotacachi,
and 87% of the seed lots (Table 2.4). As shown in Table 2.4, the situation varies between crops.
Many crops are exclusively planted with landrace material. This is mostly due to the simple
situation that they are minor crops for which MVs have not been released. MVs are found within
commercially important crops: maize, common bean, pea, potato, quinoa, wheat and barley.
Farms that have a mainly commercially oriented production tend to plant exclusively MVs of
these crops, but in contrast, subsistence-oriented farmers typically plant both MVs and landraces
(Chapter 8). Within this general picture, there are further crop specific differences. In the case of
maize, most subsistence-oriented farmers hold on to landraces, and plant MVs to a lesser extent.
In the case of beans, most farmers plant a few MVs, but while these are typically the only beans
planted by those with a commercial production, for subsistence-oriented farmers they are only an
addition to a mixture of landraces. MVs of peas, wheat and barley have been integrated into the
local seed system, and are planted alongside landraces. In fact, according to farmers’ accounts
they have been present and circulated in the local seed system for several decades. This seed
might thus more aptly be categorized as farmer varieties — a category encompassing landraces
“as well as former MVs that have been bred and were then released more than 15 years ago and
that have since become incorporated into farmers’ own seed production” (Almekinders and

Louwars 1999). Only in the case of potatoes has the introduction of MVs led to a near-extinction
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of landraces — people explain that as the new varieties arrived several decades ago, they rapidly
replaced landraces. After beginning bumper crops, yields decreased, and could only be upheld
with the addition of agrochemicals. When asked today, many can hardly recount the names of
those landraces. With the exception of one variety (wata papa) planted by one farmer in the
survey, the only landraces that still are extant are those of other potato species — the faster
maturing chawcha/chaucha potatoes, and, to a much lower degree, the weedy ara papa. The
local diversity of quinoa is right now in transition — during the past decade the first modern
variety was introduced, and this newcomer represents an impressive 43% of the current survey’s
seed lots. Even if this addition initially may have expanded local quinoa diversity, its rapid
increase may potentially constitute a threat to local landraces (Chapter 7).

The data reveal that overall, the introduction of formally bred modern varieties into
Cotacachi’s farming system has not lead to a wholesale displacement of landrace diversity. The
only instance where MVs have near completely displaced formerly grown landraces is in the

case of tetraploid potatoes of the subsp. andigena.

2.2.4 A Summary of the Richness of Cotacachi’s Crop and Intracrop Diversity

So far in this paper, we have seen that farmers in Cotacachi cultivate a remarkable
amount of biological diversity: the sampled farms encompassed 103 crops, and within a subset of
those, 335 varieties. In other contexts of the research, even a few more crops and varieties were
documented, and if the investigation had continued, it is not unlikely that more would have been
encountered. Old World crops do not seem to have eliminated large parts of native crop
diversity, and overall, landraces still outnumber modern varieties. Can we thus conclude that

biodiversity is alive and well in this area and fill our bowl of asuwa/chicha [maize beer] for a
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celebrative toast to the past and future mutual nurturing between plants and people? Before doing
so, it might be in its place to look a little closer at this diversity’s distribution. Is everything
present in roughly equal amounts and evenly spread among farms? Or is diversity concentrated

on a few odd farms, while the rest are planted in monocultures?

2.3 Diversity’s Distribution

In this next section, I will report on the commonness of crops and varieties as well as the
amounts of diversity grown on each farm. These are two slightly different dimensions: the first
looking from the perspective of crops and varieties at how many farmers grow them, and the
second considering the level of diversity from the point of view of each farm. Combined, they

will sketch an overall picture of diversity’s distribution among Cotacachi’s farms.

2.3.1 The Commonness of the Different Crops

Results regarding the commonness, or popularity, of the different crops are found in
Figures 2.1a-d and the last two columns of Table 2.1. Figures 3.la-d show graphical
presentations of the percentage of farms (n=89) that cultivate each crop. Table 3.1 contains more
detailed information regarding the numbers and percentages. A quick look at the bar charts show
that the whole set of crops grown in Cotacachi is not present on each of the area’s farms. In fact,
this is not even nearly so. In the following section I will summarize and comment on these
findings for each crop group (note that I here discuss crops and not species, although these

categories mostly overlap).
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2.3.1.1 Field Crops

Maize is decidedly the most popular crop — grown on 99% of the farms. This observation
attests to its central role in the area’s fields and food culture (Camacho 2006; Nazarea, et al.
2006; Ramirez and Williams 2003). Common beans are also grown by nearly all (88%); farmers
living in the high altitude community of Ugshapungo constitute the exceptions — the climate of
their farms is too cold for the plant. Other crops that are grown by a majority of farmers are
potatoes, peas, sambo squash and faba beans. In the lower and intermediate zone of Cotacachi,
peas and potatoes are mainly grown in the summer season, after the maize harvest, and before its
next planting. These crops’ adaptation to this season’s dry weather likely contributes to their
popularity. In the high zone, potatoes are a particularly important crop, because of their good
adaptation to the colder climate experienced there. Sambo squash and faba beans are often
intercropped with maize and common beans, although faba beans are also planted alone or
intercropped in other combinations. All of the remaining crops are grown on less than half of the
surveyed farms. Quinoa and lupines are grown on about one third, and winter squash on one
fourth of the farms. These crops traditionally belong to the maize intercrop, although the two
first are sometimes planted in monocrop. Farmers explain that they were more prevalent in
earlier years, and so were barley and wheat, that are now planted by about 20%. Heavy labor
requirements, especially during harvest and processing, are often referred to as a reason not to
grow these crops. The relatively ready availability of store-bought alternatives, including bread,
pasta, and rice, is likely also an important reason why not a larger number of farmers grow them.
Finally, a number of roots and other minor crops are grown by less than 20%. While the native
oca, melloco and arracacha (all root and tuber crops) still have a grip in the fields of 15-18% of

farms, some that are grown by only a handful include the Old World immigrants lentils,
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chickpeas and rye, as well as native amaranth and lima beans. The former three seem to never
have reached a central status in the local cuisine, perhaps with the exception of lentils, that are
now often substituted with cheap imported ones. The perspectives for amaranth and lima beans
may not be as bleak as the low numbers indicate; they have both been reintroduced to local farms
in recent NGO led campaigns and might potentially increase their role in coming years (Chapter

3).

2.3.1.2 Vegetables

Vegetables are not grown by all, but an overall 65% of the surveyed farms cultivate one
or more such crop. The most popular one is onion (grown by 45%), followed by cabbage (39%),
carrot (28%), leaf beet (24%), red beet (22%) and Andean pepper (22%). The remaining
vegetable crops are grown on 20% or less of the farms. With the notable exception of the Andean
pepper, vegetable crops are for the most part Old World introductions that have risen in
popularity during the recent past, connected to NGO and government campaigns to foster the
cultivation and consumption of fruits and greens, better availability of planting material, as well
as the development of a new farmers’ market (See Chapters 5 and 6). They are used to season
soups and stews, and also chopped finely for side salads. Andean pepper is almost exclusively
processed into a traditional fresh pepper sauce (uchu/aji), served on the side to add spice and

color to, in many homes, nearly every meal.

2.3.1.3 Fruits
In comparison to vegetables, the proportion of farmers growing fruits (72%) is slightly

higher. The frequencies with which different fruits are planted resemble that of vegetables; the
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most popular, lemon, is grown by 46%, and tree tomato (36%), avocado (30%), blackberry
(30%), capuli cherry (29%), orange (24%) and Andean walnut (24%) follow. The remaining 25
fruit crops are grown by 20% or less of the households. Even if some Old World immigrants
enjoy high popularity, including citrus, peaches and apples, New World natives make up 7 of the
10 most common fruits crops. Like vegetables, fruit crops have recently increased their
popularity in Cotacachi (Chapter 5). They are commonly eaten as snacks or processed into

lemonades and fruit juices.

2.3.1.4 Herbs

Among the surveyed farms, 65% includes one or more herbs in their crop repertoire. The
most widely cultivated herbs include chamomile (38%), lemon verbena (34%), oregano (33%),
spearmint (26%), mint (25%), cilantro (25%) and lemongrass (24%). Except for lemon verbena,
all of the top ten herbs are Old World introductions. The most common herb use is herbal teas, a
daily drink in that far out-competes coffee. It is usually prepared for morning and evening meals,
and sweetened with sugar or panela (raw cane sugar sold in bricks). People explain that in earlier
generations, native wild herbs were in more frequent use for herbal teas. Herbs are also
employed for remedial purposes (Gallaher and Fueres 2006), and the most species-rich herbal

collections are found in the gardens of healers and midwives.

2.3.1.5 Forage
The single encountered forage crop, alfalfa, is grown by 25% of the surveyed farmers.
This introduced plant is often grown in smaller plots in or near home gardens, and used to feed

guinea pigs and other small domestic animals.
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2.3.1.6 Crops’ Commonness in an Overall Perspective

The preceding paragraphs have shown that the high crop diversity present at the level of
the farm system in Cotacachi is not mirrored on every farm. There are a few more widespread
crops both overall and within each crop group, but most are grown by a smaller portion of
farmers. In total, only six of the total 107 crops are grown on more than half of the surveyed
farms, and they all constitute important field crops. Thus, 94% of the crops are grown on less
than 50% of the farms, and further, 70% of the crops are grown by 20% or less, 49% are grown
by 10% or less, and 36% of the crops are grown by 5% or less of the surveyed farms (Table 2.7,

see also Figure 2.2).

2.3.2 The Commonness of Different Varieties

Not all of the varieties are present in equal proportions among Cotacachi’s farms. Tables
2.8-2.9 and Figure 2.3 give an overview of the commonness of varieties on the surveyed farms,
broken down by crop. They show that most varieties are present on a low number of farms. Of
the 335 total varieties found among the 89 farms, 150 (44.9%) were only found on a single farm,
and as many as 260 (77.8%) were grown on five or fewer farms. Forty-one varieties were grown
by between six and ten farmers, 15 varieties by between 11 and 15, and nine varieties were found
on between 16 and 20 farms. Very common varieties, grown on more than 20 (22.5%) of the 89
farms, totaled only ten, and were varieties of maize, common beans, peas, faba beans, potato,
lupine, and sambo squash — some of the most frequently grown crops (Figure 2.1a). These data

clearly show that the varieties are unevenly distributed across the rural landscape of Cotacachi.
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2.3.3 Diversity at the Farm Level

Does the uneven distribution reported on the last couple of pages imply that there are a
few farms planted with the bulk of the documented crops and varieties, while a large majority
grows only the well-represented handful? Or are the rarer crops and varieties spread out between
a larger number of farms? The next paragraphs will investigate this question by looking into crop

and varietal richness per farm.

2.3.3.1 The Crop Richness of Each Farm

Data on the number of crops grown per farm (found in Tables 2.10-2.11 and Figure 2.4a)
show that farms are spread on a wide spectrum in terms of overall crop diversity. The total
number of crops per farm ranges from 1 to 54 — indicating that there are indeed diversity poorer
and diversity richer ones. The distribution depicted in Figure 3.4a is slightly right-skewed,
meaning that there is a higher concentration of farms in the lower end of the diversity scale than
in the higher. This is reflected in the mean (17.4 (SD 12.4) and median (14), that lie below the
midpoint between 1 and 54. But on the other hand, the skew is not very strong; 50% of the farms
grow more than 14 crops, indicating a substantial portion of relatively crop diverse farms.

Patterns of crop richness per farm vary according to crop type (Tables 2.10-2.11, Figure
2.4c-f). Every farmer grows at least one field crop, ranging up to 16 different crops. The average
number per farm is 6.9 (SD 3.2), and the median is 6. In comparison to the other crops, the field
crop distribution is closer to a normal distribution — the majority of the farms are clustered near
the middle of the range. The mean number of vegetable crops per surveyed farm is 3.0 (SD 3.2),
but this number ranges from 0 to 14. On average each farm household grows 4.5 fruit crops (SD

5.3), but some have up to 24. The mean number of herbs grown is 3.0 (SD 4.1), yet an
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exceptional garden contained as many as 28. For the three latter crop groups, the great majority
of observations lie in the range between one and ten. Especially the fruit and herb distributions
are skewed to the right; for these a few very diverse farms thus slightly elevate the average

statistic in relation to the median.

2.3.3.2 The Varietal Richness of Each Farm

Tables 2.12-2.13 and Figure 2.5 give an overview of summary statistics as well as
distributions of how many varieties are grown on each of the surveyed farms — by crop and
overall. In Table 3.12, values per crop are calculated from the overall farm sample (n=89) and in
Table 3.13, they are calculated when including only the farms where each crop is grown. Since
many crops are just grown by a limited number of farmers (see preceding sections) the average
number of varieties when dealing with the whole set of farms is below one for several crops. The
calculations based only on the farms where at least one variety of the crop is grown give a better
picture of the number of varieties likely to be found on farms growing the crop, and will be
further commented on below.

The average number of varieties when considering the totality of the 18 crops is rather
high (mean 26.7, SD 19.8), and close to the median (26). This corresponds to about 8% of the
total varietal diversity documented during the survey. The range is very broad — the household
with the highest varietal richness manages 105 varieties on their land (31.3% of the total), while
the two farms with the least harbor just a single variety of one crop (0.3%). Figure 2.4b shows a
frequency distribution of the total number of varieties per farm. The distribution is slightly
skewed to the right; about 10% of the farms have more than twice the average number of

varieties.
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The pattern of skewness to the right is generally repeated when considering each crop
separately (Figures 2.4g-x). Thus, for most crops, there is a concentration of farms in the lower
end of the diversity scale. The average varietal richness per farm is highest for beans and maize —
an observation resonating with the dominance of these two crops regarding the number of
varieties present across Cotacachi’s agrarian landscape. Farms have an average 3.2 (SD 3.8)
maize varieties, the median is only 1, but the max value is 23. This indicates that half or more of
the farms have only one variety, but among the other half there are quite a few with a high
number. Common beans are more evenly distributed; among those that grow beans, the mean
number is 16.3 (SD 11.7), the median 20 and the max 59. Those that grow runner beans on
average plant 3.5 different ones (SD 1.4), the median is four and the max is six. Other crops that
more often are planted with a set rather than a single variety are faba beans, potatoes, oca and
melloco. The farmers growing these on average plant between 2 and 3 varieties of each.

For as many as 13 of the 18 crops, however, the median value of varieties planted per
farm growing those crops is one. Thus, at least 50% of those farmers growing each of these crops
plant only one variety. In fact, as shown in Figure 2.6 and Table 2.14, this figure ranges up to
over 80% for some crops. Yet even for the crops of which most growers plant just one variety,
the mean values of per farm varietal richness are well above 1.0, and the max values for several
crops approach or reach the total varietal richness present among all surveyed farms. This shows
that there are, for each of these crops, a small to large minority of diversity rich farms drawing
up the average value.

Why do farmers tend to sow some crops with a set of varieties, while others are often just
planted with one? A key explanation might be related to ease of seed management. All the crops

that are most frequently planted with multiple varieties are highly self-pollinated or clonally
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reproduced. Most are also typically planted mixed in fields, as well as stored and cooked mixed.
There is thus not much added cost in any respect with maintaining more than one variety. On the
other hand, several of the crops that are often planted with a sole variety present challenges with
outcrossing. Maize is a highly cross-pollinated crop, and special care must be taken to maintain
different varieties on the same farm. Other crops among these “one-planters” that exhibit
outcrossing are squashes (sambo and winter) (Whitaker and Bohn 1950), and to some extent also
quinoa (Gandarillas 1979), wheat (Hucl 1996), and barley (Doll 1987). But some highly self-
pollinated or cloned crops also belong to this group: peas, lentils, lupines, arracacha, mashua and
sweet potatoes. Most of these, including arracacha, mashua, lentils and sweet potatoes, are quite
uncommon. One reason why people tend to have just one variety of these might be that planting
material is not so easily available, e.g. from neighbors and kin. Despite this tendency for many to
plant just one variety, however, for every crop there are some farmers who plant several different
ones. This attests to their appreciation of the different and often complimentary qualities
exhibited by distinct varieties (Appendix). It also underlines that maintaining several varieties of
any of the crops is indeed possible.

Do all these farmers planting just one variety plant different varieties? Or do they all tend
to plant the same ones, implying that altogether these majorities of farmers plant only a small
portion of the total varietal diversity present among all the surveyed farms? Table 2.14 shows
that this pattern varies by crop. There is an overall tendency for the varieties that are overall most
common, within each crop, to also appear in the fields of those growing only one variety. This
tendency is most pronounced in the case of maize: 54.5% of its farmers planted only one variety,
and altogether their varietal selection did not encompass more than five different ones (8.3% of

the 60 found in the total survey). A column in Table 3.14 shows the percentage of farmers
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planting only the variety that was overall most common in the survey. Within most crops the
portion of farmers growing only these widespread varieties is substantial, and for some it is quite
high, including peas (39.7%), lupines (61.4%) and mashua (55.6%). For some crops, such as
sambo squash, this trend is less pronounced; to a higher degree farmers growing just one variety
of these tend to choose different varieties. Such crop-specific differences may be explained by
how varieties of different crops are differentiated. For instance, in the case of maize, the five
varieties grown by over half of the farmers are all yellow maize types, considered to be the most
versatile. Other varieties are suited for special purposes, and such specialty maize types are
apparently not prioritized by all. In the case of cucurbits on the other hand, there is no one
versatile variety—instead the different ones have their distinct virtues and properties (Table A2.26
and A2.27 in the Appendix), and the decision of which to grow depends on the likes and
preferences of the household members. This results in a more even distribution between varieties
among those growing just one variety of squash in comparison to maize. Finally, the table also
shows that the subsets of farmers growing only one variety collectively often grow a rather high
portion of the total varieties found during the survey — in the case of several crops this portion
reaches 100%. Thus, even if a subset of the farmers with just one variety plant cosmopolitan

varieties, another few also plant rarer varieties.

2.3.4 A Summary of Diversity’s Distribution

In the above we have seen that on a crop as well as varietal level, the great majority of the
diversity present in the farming system is planted on just a small portion of the area’s farms.
Among the farms, there is great variation in the amount of crops and varieties grown. There are

diversity hotspots as well as deserts, for overall crop and varietal diversity, and also when
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considering the intracrop diversity of each field crop. Among those that grow low diversity
within a crop (one single variety), there is a tendency to grow the most widespread varieties, but
this trend is more pronounced in some crops than others. Although there are more farms toward
the lower end than toward the higher end, there are farms placed all along the scale from high to
low diversity. This uneven or right-skewed distribution is not as pronounced as that observed for
the commonness of crops and varieties. This means that despite observed tendencies of diversity-
low farms to focus on popular varieties, a// the rare crops and varieties are not concentrated only
on a few diversity-rich farms — there are simply too many rare crops and varieties in relation to
the proportion of remarkably diversity rich farms for that to be possible. Instead, the many rare
plants are also dispersed in the landscape among those with mid-level diversity, growing
differently composed sets of crops and varieties. A further analysis of farm and household

factors associated with higher and lower levels of divesity is found in Chapter 8.

2.4 Cotacachi’s Agrobiodiversity in a Comparative Perspective

How high or low is the diversity of Cotacachi’s farms in comparison with that of other
regions? And how common are the observed patterns of distribution? Table 2.15 gives an
overview of summary data from previous studies of diversity of cultivated species, and Table
2.16 corresponding results at the varietal level. Below I will report and discuss them in relation

to the present study.

2.4.1 Crop Species Diversity
Cotacachi exhibits higher overall, but somewhat lower average species richness than

most previous studies (Table 2.15). Other research measuring this kind of diversity is relatively
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scarce, and has mainly been focused on home gardens in tropical lowland settings, so the
grounds for comparison are not very broad. In comparison with most of these studies, the overall
species richness found in Cotacachi is higher. The most species rich farm in Cotacachi (54
species) also counts more species than its counterparts in most previous studies. On the other
hand, the majority of the previous studies report a higher average species richness per farm
(ranging from 6.0 to 27.4) than what was found in the present work (17.4). This indicates a more

uneven distribution between farms in the case of Cotacachi.

2.4.2 Varietal Diversity

Within most crops for which data is available, the varietal richness documented in
Cotacachi is higher than or comparable with that found in other sites (Table 2.16). The diversity
grown in Cotacachi in terms of beans and maize is exceptional