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Methods are needed for helping researchers and farmers to interactively describe and
analyze local practices in search of opportunities for improving health, environment
and economy. The authors worked with smallholder family farmers in five Andean
villages in Ecuador to apply Participatory Four-Cell Analysis in characterizing agro-
biodiversity. Margelef and Shannon indices examined ecological richness and
evenness and a simplified 24-hour dietary recall characterized food consumption.
Cross-analysis tested interactions among agro-biodiversity, farm size and diet. Overall
trends appeared to work against sustainable intensification, with notable heterogeneity
and positive deviance found in the practices of relatively smaller enterprises,
representing a potential resource for sustainable intensification. The suite of methods
was determined useful for initiating researcher-farmer explorations of promising
innovation pathways.
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INTRODUCTION

Recently, there has been a growing international call for the “sustainable intensification” of
smallholder family farming as a means of addressing persistent hunger, social inequities, and
environmental decline in developing countries (Mclntyre et al. 2009; Tilman et al. 2011).
Depending on context, sustainable intensification can refer to distinct strategies of food
production, circulation, procurement and consumption, but for indigenous farmers in the
extremely environmentally variable and risk prone Highland Andes of Ecuador, sustainable
intensification traditionally has involved achieving high productivity while decreasing
vulnerabilities through diversified utilizations of land, water and biological resources (Murra
2002). In the 20™ Century, with the arrival of monetary systems, commercial markets and
externally based knowledge and technology tied with expert systems, it also has meant
limited market integration and consumption of one’s own food production (Sherwood 2009,
Van der Ploeg 2008), in particular of environmentally robust and highly nutritious Andean
crops.'

While multiple scenarios for sustainable intensification have been identified (Tillman
et al. 2011), little attention has been provided to how researchers can work with communities
to begin to understand and explore the heterogeneity of existing farming strategies for policy
opportunities — what has been generally described as “positive deviance” in fields of
behavioral studies, sociology and health (Wolf and Zuckerman 2012, Marsh and Schroeder
2002). Implicit in this literature is the assumption that there is a direct relationship between
the diversity of on-farm agricultural production and the food consumption and nutrition of the
smallholder farming family (Arimond and Ruel 2004; Frison et al. 2006; Toledo and
Burlingame 2006). For families in a situation of food insecurity, impoverishment or
marginalization, it has been assumed that consumption of farm-sourced food is a pillar of
food security and a necessary condition for enhancing agro-biodiversity. It is also noted that
self-production of food has many positive impacts on the wellbeing and health in these
households (World Bank 2007). Nevertheless, critical reviews of the literature on agricultural
development and family nutrition caution against automatic assumptions of a direct
relationship between an increase in agricultural production and improvements in family
nutrition (Berti et al. 2004; Fleuret and Fleuret 1980).

Frison et al. (2011) summarizes how the intensification of agro-biodiversity
management can bring about increases in sustainable production, food and nutrition security,
and overall economic development. Inter- and intra-specific diversity of kingdoms, species
and gene pools can improve production by area and productivity, while conferring
environmental stability and resilience in the production systems (Elmqvist et al. 2003; Pimm
1984; Tilman 2006). An agro-ecosystem rich in biodiversity has more capacity to absorb
shocks by dispersing the diverse biological and environmental effects between species with
distinct characteristics and properties. In contrast, a narrow base of biological resources can
increase the susceptibility of the crops to diseases and pests and climatic variation, and other
factors adverse for sustainable agriculture.

Biodiversity in traditional crops is especially important for highland agriculture in the
Andes, where rural families commonly cultivate steep mountainsides and rear animals in the
context of diurnal temperature extremes and high winds as well as dramatic seasonal rainfall
patterns, ranging from periods of violent storms and hail to prolonged drought. Studies
suggest that these patterns are increasing in their variability and extremes as a result of global
climate change (IPCC 2007; Urrutia and Vuille 2009). In this antagonistic agricultural

! See for example, Ecuador’s Organic Law of Food Sovereignty (LORSA, 2009) and its ensuing legislation,
such as the law proposals for Land and Territories and Agro-biodiversity, Seeds, and Promotion of
Agroecology, available at: http://www.soberaniaalimentaria.gob.ec/
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context, Andean farmers developed through trial and error over millennia environmentally
resilient practices built around distributing risks across ecological floors (described as
“micro-verticality”) and inter- and intra-specific species management of biodiversity, in
particular of a series of unusually robust Andean pulses, grains — especially quinoa
(Chenopodium quinoa W.) and lupin (Lupinus mutabilis S.), roots and tubers such as potato
(Solanum tuberosum and S. spp.), mashua (Tropaeloum tuberosum), melloco (Ullucus
tuberosus C.), and oca (Oxalis tuberosa M.). Andean crops are also internationally
recognized for their high nutritional quality, particularly for provision of carbohydrates, a
broad range of amino acids and proteins, and N-fatty acids, essential for infant and maternal
health (Ayala 2004; Repo-Carrasco 1992, Repo-Carrasco et al. 2003, Rivera 1999). As a
result, the Ecuadorian Government, The Andean Community of Nations (CAN), as well as
the United Nation’s Food and Agriculture Organization (FAO) (Soto et al. 2007) have
emphasized the importance of the conservation of Andean roots and tubers for national and
regional food security.’

Despite the historic importance of biodiversity and Andean crops, today there is
evidence of a marked decline in intra- and inter-specific biodiversity in Andean farms,
especially in localities that have undergone substantial agricultural modernization and market
integration, such as Ecuador (Fowler and Mooney 1990; Sherwood 2009; Weismantel 1988).
Interested in helping indigenous communities in the Province of Chimborazo, located in the
Central Highlands of Ecuador, to sustainably develop their production and well being through
local control and more intensified management of seeds and other biological resources, in
2008 we initiated an action-research project.3 Chimborazo consistently registers the highest
indices of rural poverty in Ecuador (Freire and Bacallao 1992; SIISE 2001; World Bank
2007). In particular, we sought to develop a methodology that could be used with farmers to
meaningfully assess farm biodiversity and also to examine associations between farm
biodiversity management and household dietary intake. We sought outcomes that could
inform subsequent efforts in favor of sustainable intensification of production, while
enhancing family- and community-level food security.

METHODS

Field research was conducted between July 2008 and December 2009 in 172 farms belonging
to five Kichwa indigenous villages of Chimborazo: Paquibug (47), Vaqueria (32), Tzimbuto
(54), Monjas (22) and Guangopud (17). These communities are located in a highland paramo
region situated between 2800 and 3400 meters above sea level (masl) on the Eastern ridge of
the Andes. Soils in this region are volcanic and slightly acid, with volumetric organic matter
contents ranging from 8-16% and increasing with altitude (Andrade et al. 2002). Median
temperatures range from 6 and 15°C, with between 250 and 800 mm of yearly rainfall,
generally distributed between the months of October and May and a marked dry season
between June and September. Farm size heavily influences cropping systems. The smallest
landowners (0.5-1.0 ha) practice more intensified production, with short to no fallow periods.
Medium (1-5 ha) and large landholders (5-50 ha) tend to prioritize milk and meat cattle,
using the potato crop as a form of renewing pastures every five to eight years. Crops are
planted between October and December. The most common rotation system is potato-fava
bean, pea-barley, and wheat, followed by one to three years of pasture fallow. In addition,

% ibid., FAO (2002, 2005), S. Jacobsen and S. Sherwood (2002).

? This activity was part of a McKnight Foundation Collaborative Crop Research Program-supported project,
‘Enabling Seed Systems: the Biological Foundation of Food Security in the Andes’. For further information,
see: http://mcknight.ccrp.cornell.edu/
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vegetables (chiefly onion and carrot) are grown for nearby urban markets, in particular the
provincial capital, Riobamba. Families commonly grow smaller quantities of Andean grains
(quinoa and lupin) and tubers (oca and melloco) for household consumption. None of the
communities involved in the research were the target of public or private food aid programs
at the time of the research.

For the purpose of facilitating researcher-farmer interactions and quickly arriving at
general principles, means of assessing agro-biodiversity and family diet were simplified. The
status of agro-biodiversity on 172 farms was characterized through Participatory Four-Cell
Analysis (PFCA) (De Boef and Thijssen 2007; Sthapit et al. 2005), followed by interactive
researcher-farmer group discussions to assess relative species “richness” at the community-
level, in terms of the area occupied by a particular species in each farm and farm incidence
where each species is grown. Based on outcomes, four cohorts of 51 contrasting rural
households were chosen for in-depth, farm-level ecological research, drawing on Margelef
(Moreno 2001) and Shannon (Ludwig and Reynolds 1988) indices. A simplified 24-hour
recall (Gibson 2005) was carried out to characterize household-level consumption of food
items for each of the 51 households. Analyses across data sets were conducted to explore
relationships between farm size, agro-biodiversity, and household consumption, with
quantitative and qualitative attention placed on interactions and forms of intensification.

1. On-farm and community agro-biodiversity: Participatory Four-Cell Analysis
On-farm managed agro-biodiversity

As presented in Sthapit et al. (2005), Participatory Four-Cell Analysis was developed in
Nepal as a practical, feasible, and rapid method to obtain large amounts of information on
agricultural systems. Subsequently, it has been used extensively to evaluate genetic diversity
in fiames (Dioscorea spp) and rice (Oryza sativa L) as well as other natural resource concerns
in Africa, Asia, Latin America and Europe (Audi et al. 2008; De Boef and Thijssen 2007,
Thomé da Cruz et al. 2007). We adapted PFCA to helping rural people of the Highland
Andes address concerns of general, rather than specific trends in agro-biodiversity
management.

In describing a species as a workable indicator for discussion, we proposed a single
taxonomical category. We acknowledge the potential importance of intra-species diversity.
For example, most families in our study managed multiple varieties of potato. As Lawrence
(2002) argues, however, it is essentially impossible to evaluate agro-biodiversity as a whole.
In implementing the PFCA, we involved representatives from 172 households in community-
level workshops to generate a list of species maintained in each respective farm, based on
cultivated field crops, vegetables, trees, medicinal plants and small and large animals. Weeds,
wild vegetation and wild animals were not included. After generating a general community-
level list, participants received a blank card on which he or she was asked to note the specific
species found on her or his farm. A horizontal line was constructed for each farm,
representing the total number of species (1 to n, with n representing the maximum number of
species per farm in the five communities), and participants determined the total number of
on-farm species. As a measure of the central tendency, a mean number of on-farm species in
each community was calculated. A perpendicular axis was added, representing the total farm
area (0 to m hectares, with m being the size of the largest farm). Participants were asked to
locate the position of her or his farm. Based on the interactions between axes for average
species number and farm size, four relative strata were identified: high biodiverse small
farms, low biodiverse small farms, high biodiverse large farms and low biodiverse large
farms. Results were summarized and plotted in large diagrams for plenary discussions to
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check data and explore relationships. This process was implemented independently in each of
the five communities.

Farm-level species importance

To visualize the relative importance of each species in the farm, a Cartesian plane was drawn
with the X-axis corresponding to the number of rural households managing a determined
species. The estimated mean area was plotted on the Y-axis, corresponding to each species on
the farm. This stratification was similar to the former, but in this case the points plotted in
each cell corresponded to species (instead of households). The four resulting quadrants were:
species that appeared on many farms in relatively large areas (I), species that appeared in
large areas but only on a few farms (II), species that appeared in small areas and only in a
few farms (III), and species that appeared in small areas but in many farms (IV). As with the
other PFCA exercise, data were summarized and plotted in large diagrams for plenary
discussions to check data and explore relationships, and the process was implemented
independently in each of the five communities.

2. Species richness and evenness: Margelef and Shannon diversity indices

Based on the PFCAs, representative cohorts from each of the four resulting cells were
selected for further farm- and community-level analyses. We sought an equitable number of
families in each community, leading to the selection of at least 20% of the total number of
farms in each cell. As a result of inter-community differences, this led to a final selection of
51 farms. In the field surveys the existing species -- horticultural, agricultural, trees,
medicinal plants, and animals -- present in each farm were registered as an indicator of agro-
biodiversity. Furthermore, we measured farm size and land area covered or utilized by each
species. In the case of animals, pasture, corral or cage area was measured. The Margalef
index was computed as an indicator of on-farm ecological “richness” of a particular species,
based on the following formula (Moreno 2001):

DMg = S—l
LnN

where: S =number of species on farm (counted or as given by the farmer)
Ln N = natural logarithm of the farm area (m?)

The Margalef index increases when there are more species in a determined farm area or when
the same amount is maintained but the area of the farm decreases.

The ecological diversity and “evenness” of distribution of species in a given farm
(measured as a farm’s frequency distribution) was examined by using the Shannon index
(H"), based on the following (Ludwig and Reynolds 1998):

s
H Z_Z(Pi In p;)

n=1

where: S = total number of species on farm; In = natural logarithms
pi = area covered by the i-species/ total farm area (mz)
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H'=0 if there is only one species in the farm and maximum when each species occupies the
same area in the farm. Thus, a monoculture or situations where a few crops occupy large
areas in relation to the total size of a farm result in a low Shannon index value.

3. Household food consumption and food sources: 24-hour recall dietary study

From earlier research on nutrition in rural Bolivia highlands (Berti et al. 2010), we realize
that agricultural change can also affect conditions of physical activity as well as hygiene,
infection and disease. Nevertheless, due to the study’s preoccupation with quickly assessing
heterogeneity in family-level dietary patterns, we simplified nutrition to signify ingestion of
specific food items. We used quantitative 24-hour dietary recalls to characterize household
food consumption, to quantify amounts of foods consumed by each individual in the house,
and to determine sources of food: produced on-farm or purchased off-farm (Gibson 2005;
Mackerras and Rutishauser 2005). Individuals were asked to estimate the quantities of all
items consumed the previous day, from the moment they awoke, throughout the day and until
they went to bed (and if they woke to eat or drink anything through the night). Quantities
were recorded in household units (cups, spoonfuls, bowls, pounds, units) and later converted
to grams using conversion factors determined in the communities. A trained undergraduate
researcher, supervised by the staff nutritionist, collected data on household diet. The mother,
who most often is responsible for serving the food to all household members, usually
volunteered to answer for the entire household, but a few times other adults or older children
responded in the place of the mother. Maternal 24-hour recalls of child diets have been
validated in other settings (Dop et al. 1994, Klesges et al. 1987). The standard 24-hour recall
method was adapted for the situation common in the rural Andes, where most meals are
served from a common pot of homogenous ingredients (Berti and Leonard 1998). For foods
served from a common pot (e.g., soup and rice), the quantity of each ingredient in the pot as
recalled by the respondent was recorded.

The research involved two visits during a single harvest period (February and March
2008) in 51 households in the five communities (Table 1) to capture the range of foods
consumed by people of both sexes and all ages and to characterize family-level food
consumption based on source of production. Diets were assessed in terms of consumed food
items, using weight at moment of preparation. The researchers spent the day (8-12 hours) in
each household conducting participant observation. They measured the volume of bowls and
cups used to serve meals by filling containers with water to the point where the respondent
said that the subject’s bowl had been filled with the specific food item, and the recalled
number of bowls consumed by the subject was recorded. This was repeated for each
individual eating from the pot, thus allowing for the calculation of the proportion of the pot
that each individual consumed. Homogeneity of contents was assumed, consistent with
anecdotal reports and participant observation by the authors, and individual intake of
ingredients was calculated as the proportion of the total ingredient. The respondent was
probed for foods eaten outside the home by any family member. There were few
opportunities for foods eaten outside the home, and all household members were usually
aware of those occasions when a family member ate outside the home and what they ate.
Breast milk consumption by children was not included. Ages were recorded as self-reported
or reported by the mother.

According to Berti (1996), the research area is generally representative of nutrition in
the Central Highlands, where the diet is described as limited in food variety: mostly
carbohydrate (~70%) and protein (~10%) (both at ~4 kal/g), with the remainder, fat (~9
kcal/g) and varying little from person to person. Therefore, it was assumed that diet weight
and energy content were highly correlated and did not reveal important differences. Based on
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earlier ingredient determinations, we measured fresh weight of items as found in the kitchen,
in reference to field production, harvest, grains and tuber stores, what was determined to be
most relevant and tangible measurement for researcher-farmer discussions in interactive
workshops. While 24-hour recalls rely on subject memory to recall all foods and estimate
portion sizes, the errors are generally consistent across studies (Gibson 2005) and do not limit
ability to interpret the data for the purposes of the research reported here. The data obtained
were used to make generalizations about household diet, consumption of on-farm produced
food items as well as to explore possible relationships between production, consumption and
agro-biodiversity.

The research underwent review by the Escuela Superior Politécnica de Chimborazo.
Prior to surveys, the primary field researcher obtained approval from the indigenous authority
in each community, and the purpose of the data collection was explained to the villagers in
public meetings. In addition, the researcher repeated explanations at the time of the surveys,
after which the adults were asked for their consent to participate on behalf of themselves and
minors in their care. Results subsequently were reported to participants and indigenous and
government authorities.

4. Interactive analysis of agro-biodiversity, species distribution, and family diet

Data gathered in interactive workshops on biodiversity were summarized in graphic form and
presented to the participants for data correction and group-level discussions on relationships.
Due to local variations, measures of land area, volume and weight were standardized to the
metric system. The same occurred with results from the 24-hour recall. Quantitative data
from workshops and fieldwork was manually digitalized into a spreadsheet using Microsoft
Excel (2008 v.12.3.0). Relationships among data on agro-biodiversity indices and household
food consumption were analyzed with Statistix (v.9.0). Variables were examined with regard
to distribution, and when necessary they were transformed prior to statistical calculations.

RESULTS
1. Characterization of community-level agro-biodiversity

Size of landholdings of participating farms (n=172) divided communities into two groups
((P<0.001): 1) Tzimbuto, Vaqueria and Monjas with landholdings averaging greater than 1.5
ha and 2) Guangopud and Paquibug with farms averaging about 0.5 ha.

The number of field species in farms varied between two and 45. Rural households in
Vaqueria, with an average of 40 species, were the most intensive in absolute terms, followed
by those in Tzimbuto (27), with the other communities managing between 17 and 18 species.
The richness of a particular species in a farm, as provided by the Margalef index, followed
the same pattern as the total number of species (variation) in that farm (Figure 1). Regression
analysis of bulked data from the five communities found that both the number of species on
farm as well as the Margalef index increased slightly with farm size (n=172, P<0.01).

Figure 1 (about here)
When combined data from the workshops were included in a scatter plot of number of

species per farm by farm size (Figure 2), and qualitatively centered each axis by average,
creating a relatively even distribution of points across the four quadrants: large, highly
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diverse farms (I); large, lowly diverse farms (II); small, lowly diverse farms (III); and small,
highly biodiverse farms (IV). According to this characterization, fewer farms belonged in
quadrant II (large, lowly biodiverse farms). Relatively large farms dominated the population
of family landholding in Vaqueria and Monjas, whereas small farms dominated Paquibug and
Guangopud. The farms of Tzimbuto were present in all the four cells.

The Margalef index computed for each cell of Figure 2 contrasts significantly
between combined cells T and IV (3.04 and 3.39) and cells II and III (1.78 and 1.76)
respectively, (F, P<0.01). The differences of the index between quadrants I, II with III, IV,
representing mainly farm size, were statistically non-significant, indicating a dominant effect
for species number in the behavior of this index in this dataset.

Figure 2 (about here)
Land occupied by species

As demonstrated schematically in Figure 3a, based on categorical PFCA data, a large number
of families dedicated the greatest area of their land to commercial crops, in particular potato,
onion or field bean (see quadrant I), while planting in small areas crops for self-consumption
and medicinal purposes (quadrant IV). Andean species, such as quinoa, mashua and local
potato varieties, were mentioned only sporadically and confined to small areas (quadrant III).
Only a handful of farms grew pasture extensively.

Figure 3a (about here)
On-farm agro-biodiversity

The number of cultivated species identified during field visits to the 51 farms was smaller
than that reported by participants during the PFCA workshops (Paired test, p<0.05). This did
not hold true for farms in Paquibug, where the number of species found was much larger than
those reported during the PFCA workshops.

The number of species did not shows any trend with the farm size while the fraction
of land occupied by agricultural species tends to decrease with farm size (Spearman r=-0.65,
P<0.01); The species richness characterized by the Margalef index slightly decreased as the
size of farms increased; The evenness of the species expressed by Shannon (Spearman r=-0.7,
P<0.01) sharply fell with increasing farm size.

Analyzed by FCA cell, the coincidence between both sets of data was greater than
70%. Accordingly, the Margalef index from PFCA appeared slightly greater than Margalef
computes for the sample (Paired t-test), but linear regression of both sets of indexes found
significant association (r=0.6, P<0.001). Farms in the community of Vaqueria had the highest
number of species (26 on average), with Tzimbuto, Paquibug, and Guangopud falling into the
same confidence interval (between 14-26). Farms in Monjas had about the same mean
number of species but in larger fields (Table 1). In farms from the two most agro-biodiverse
communities, Vaqueria and Paquibug, we registered a total of 62 and 58 species,
respectively. On average, almost 60% of farm area was destined to field crops, of which
highly commercial potato and field beans occupied 30% and 10%.

Table 1 (about here)

The Shannon index was quite similar in the communities, presenting the highest values in the
community of Paquibug (2.03). Of the five communities, Paquibug had on average the
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smallest fields, with relatively many species covering similar areas. The lowest values were
in Monjas (1.26) — a community of relatively large fields and a moderate number of dominant
species in its farms (Table 1).

Analyzed in the four cells, the values of the Shannon index show a contrast in results
between Cell III (mean of 1.88 (a)) and Cell II (1.18 (¢)) (F, P<0.05), with results of Cell I
(1.21 (bc)) and IV (1.78 (ab)) falling in between. Farms in Cell III (small landholdings with
low number of species) have a more even distribution of species by space than farms of
larger landholdings. Farms in Cell I and IV differed from the other cells as being both highly
abundant in species, suggesting that dominant species were more common in larger farms.
Similar to Figure 3a, Figure 3b presents diversity, in terms of the frequency and covered area
by the species registered in the 51 farms. Based on area planted, potato, field bean, onion,
barley, and corn represented the most common species in the communities.

Figure 3b (about here)

2. Farm family household dietary intake
Composition of diets

In terms of food weight, the diets recorded in the participating communities were strongly
dominated by potato. As observed in Figure 4, potato constituted more than 50% of total food
items ingested. Together, sugars, noodles, rice and oats corresponded to around 15%. Meat
consumption was meager. Vegetables, in particular garlic (4llium sativum and porrum),
onion (Allium cepa), parsley (Petroselinum crispum), cilantro (Coriandrum sativum), and
lettuce (Lactuca virosa and sativa), were consumed in smaller quantities. Even when
aggregated, vegetables made up a negligible contribution by weight to the overall diet.

Figure 4 (about here)
Food source

As summarized in Figure 5, in almost all cases family consumption of potato came from on-
farm production, as were the legumes fava beans (Vicia fava) and fieldbean (Phaseolus
vulgaris spp.). Nevertheless, a large proportion of overall food items was purchased. Despite
being robust highland crops with multiple possibilities of on-farm storage and processing,
maize (Zea mays), oats, and barley were, to a large degree, acquired off-farm. A few families
commonly consumed meat, which was almost exclusively purchased.

Figure 5 (about here)

Farm families consumed 33% or less of on-farm food items. There was a weak, but
significantly positive correlation (r*=0.194, P<0.005, n=51) between the number of on-farm
species and family-level dietary diversity (measured as total number of food items) (Figure
6). Disaggregating the data, we found that this relationship could be explained by the positive
trend between the numbers of on-farm species and the number of products destined for
family consumption (r*=0.40, P<0.001, n=51). Families living on low agro-biodiverse farms
tended to consume more off-farm food items than those living on high agro-biodiverse farms.
The number of off-farm food items in the diet remained nearly constant as the number of
species recorded in the farms increased.
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Figure 6 (about here)

Regression analysis revealed a weak but significant relationship between farm size and
diversity of food items in diet (Spearman r=0.33, P<0.05). On average, diets appeared more
diverse in Tzimbuto and Vaqueria, the communities with the largest farms. When data was
disaggregated in an FCA arrangement, as shown in Figure 7, the consumption of on-farm
food items was similar between families living on small and large farms. Meanwhile, families
from larger farms consumed a greater proportion of off-farm food items.

Figure 7 (about here)

DISCUSSION

The central purpose of this study was to paint the landscape of farm agro-biodiversity with
broad brush strokes as a means of helping researchers and farmers begin to describe and
analyze trends and opportunities embedded in the heterogeneity of local practices, potentially
useful for opening up innovation pathways towards sustainable intensification. Despite the
earlier mentioned limitations of the chosen interactive researcher-farmer methods, we feel the
research produced a number of important findings.

1. On-farm Andean biodiversity

We found on-farm and community-level biodiversity management in smallholder family
farming in the Central Highlands of Ecuador -- despite the broader tendencies of agricultural
modernization (Sherwood 2010) -- to be highly rich, dynamic and complex. Regardless of
our neglect to intra-specific diversity (i.e., varieties and accession within species), we found
relatively high incidence and richness of on-farm species in the participating communities.
As illustrated by the degree of land occupation found in the surveys, the use of this resource
seems to be more intense in small than larger land holdings. The inverse relationship between
farm size and the Shannon index, for example between farms in Paquibug (Shannon index of
2.03) and Monjas (1.26) (Table 1), points to smaller farms having less dominant species than
the larger one. Even spread of species across an agricultural ecosystem can have important
implications in production stability, for example, in terms of distributing risks to pest
outbreaks (Chaboussou 2004).

Data from the agrarian census demonstrates that more than 75% of the production
from the smallholder sector is sold in markets (Wong 2006). On the one hand, this reveals the
role that smallholder Andean farmers play in conserving agro-biodiversity and supplying
biodiverse food to urban populations in Ecuador. On the other hand, rural families are not
necessarily consuming their own production, and they appear to be increasingly dependent on
off-farm food sources (Wong 2006; Wong and Ludefia 2006). Not unlike urban populations,
the food security of smallholder farmers increasingly may be linked with income generation
and commercial food prices (Reardon and Berdegue 2002). This last point may explain why
on average about 30% of farm area was planted in the highly commercial crops potato and
field-bean. Several authors have described the harmful long-term consequences of such
processes of commoditization of Andean family farms in terms of resource degradation, long-
term production, and biological resource conservation (Sherwood 2009; Van der Ploeg 2008).
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In fact, the majority of the surface area of the smallholder family farms studied,
independent of overall farm size, is dedicated to market-oriented crops — a factor that today
seems to exercise a determining influence on in-situ agro-biodiversity. The results illustrate
different dominant tendencies associated with the erosion of agro-biodiversity in Andean
crops. We were surprised to see limited presence of the highly nutritious Andean grains
quinoa, amaranth and chocho in fields, in particular provided their growing social prestige as
a result of exponential growth in domestic and international sales since the late 1990s
(Jacobsen and Sherwood 2001, FAOstat 2004). With the noted exception of highly
commercial potato and to a much lesser extent melloco, this study confirms the low profile of
Andean roots and tubers, such as mashua and jicama (Polymmnia sonchifolia), in the
production systems of modern smallholder farmers in Ecuador. When these crops did appear
in farms, they were grown marginally in terms of area planted and importance in farm sales
and family income. These findings may support the conclusions of a study conducted by the
United State’s National Research Council that explained the low profile of Andean grains as
a lingering effect of the Spanish Conquest and ensuing colonialism (NRC 1989: 11).

2. Composition of family diet

To judge from the minimum quantities of meat that appeared in meals, the daily diet of farm
families appears to be largely vegetarian, based on carbohydrates and sugars. Families rear
diverse animal species on their farms, such as cows, pigs, chickens and guinea pigs, but we
find that they are rarely for home consumption. This is consistent with results found
elsewhere in the Andes (Berti et al. 2010; Yepez et al. 2008; Nederveen et al. 2002). Two
farm-raised food items dominate the proportion of family diets: potato and maize, together
occupying almost two-thirds of daily consumption, concurring with nutritional studies of
similar communities elsewhere in the Central Highlands (Berti, 1996). Only the legumes fava
bean and field beans contain significant among of fats and protein. Families rarely consume
nutritionally rich Andean grains, such as lupine, quinoa or amaranth (Vof3 1991).

On analyzing dietary composition by origin, the majority of food items come from
outside the farm. Off-farm food items are relatively more important for low bio-diverse farms
(Figure 6). This was even more surprising, considering that the communities are distant from
urban centers. The finding contradicts the long-standing assumptions that Andean
smallholder farmers in Ecuador prioritize production for family food consumption (Chiriboga
1982). On the contrary, follow-up studies in our project area conclude that families
commonly seek to convert farm production to cash, which in turn is used to purchase off-
farm sources of food (Chamorro 2011). In the process, the potential of the farm as a source of
highly nutritious food is supplanted by less nutritious alternatives, such as sugar, oils,
noodles, and high fructose and carbonated drinks. While of less nutritional value in terms of
amino-acids, protein, essential fat, these newly prestigious products have high caloric value,
high shelf-life, and rapid preparation.

3. Interactions between farm size, agro-biodiversity and family diet

The diets of families from larger farms tend to be more diverse than those from smaller farms
(Figure 7). Nevertheless, families from larger farms tend to purchase a greater portion of their
food. As Chamorro (2011: 137) explains, this practice may be partially explained by greater
economic capacity, but it also reveals a particular livelihood strategy tied to utilizing the farm
as a source of income generation for subsequent food item purchases as well as the growing
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prestige of off-farm, processed food products. For example, Chamorro (p.85) finds that
increasingly the organizers of important cultural ceremonies, such as weddings and funerals,
are expected to provide “urban foods”, such as canned tuna and rice as well as soft drinks and
champagne instead of traditional food items, such as roasted guinea pig, potato and chicha (a
drink made of fermented maize).

The observation that family reliance or utilization of self-produced food items
increases in the measure that landholding decreases and agro-biodiversity increases suggests
the relative importance of the intensification of biodiversity management as a livelihood
strategy for families of more limited means. Meanwhile, the data indicate that more farmland
seems to increase opportunities to grow and consume diversity. In terms of food intake and
diet, families with smaller farms appear to be deprived of that opportunity or are not
sufficiently capitalizing on the possibilities that local, on-farm diversity may offer for diverse
family dietary intake and healthy nutrition. The explanation why they do not do so asks for
further research.

4. Reflections on research methods and future research

PFCA -- The method was developed as a means of promoting dialogue between researchers
and groups of peasant farmers on on-farm biodiversity management (De Boef and Thijssen
2006). In this study, we sought to analyze the different species available and their relative
values referring to diverse cultural, economic and dietary considerations.

Consistent with the experience of Lawrence (2002), we find PFCA to be a promising
means of interactive farmer-researcher evaluation of current state of agro-biodiversity
management. As per the evaluation of a workshop in Tzimbuto, “The workshop helped us see
what we were not capable of seeing” (Parra 2009: 74). The two data sets generated through
the PFCA activity proved generally reliable in characterizing on-farm biodiversity. Combined
with strong facilitation and group discussion, we feel that PFCA can be a powerful action-
learning tool in helping people to reflect on local practices in the context of on-going agro-
biodiversity management. Through high quality group discussions, field visits and
subsequent follow-up, for example around strengthening seed systems, it can provide an
effective entry point into helping rural communities to improve inter- and intra-specific
diversification and, arguably, the sustainability of their farms (Frison et al. 2011).

Nevertheless, when applying PFCA for more rigorous quantitative analysis, it is
necessary to bear in mind that the number of species reported by participants often represents
an estimation of the total number cultivated or managed over a certain period of time. It
should not be seen as necessarily definitive information. Further, how lay people count
species and measure areas can vary between households and from community to community.
For greater accuracy, the data should be validated though on-farm visits, ideally during
different production periods. For purposes of generalization and comparison, data need to be
converted to universal dimensions, demanding a good knowledge of local language and
customs with regard to measurement and other similar abstractions.

24-hour dietary recall -- In the future, we plan to combine the 24-hour recall with in-depth
nutritional analysis, for example using interactive discussions based on the results of
applications of the Nutri-survey program (Stern et al. 2007). By looking at the nutritional
content of diets (kcal, nutrient content and percentage of Recommended Daily Allowance),
families can identify nutrient gaps, while analyzing locally available sources of food items,
which in turn could help promote new motivations for enhancing on-farm agro-biodiversity
management. Further, family health can benefit from attention to gender analysis of family-
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level consumption practices, for instance of the diets among women and men, young girls
and boys. In addition, the 24-hour recall can be a nice entry point into a more holistic
approach to family diet and nutrition. It also can be followed up with community-led
activities to identify positive deviance, for example with regard to hygiene practices, useful
for improving maternal and child health (Marsh and Schroeder 2002 and 2004).

Follow-up research — In addition the suggested adjustments to the research methods, the
findings reported here confirm the potential embedded in the heterogeneity of local farming
practices as a resource for strengthening farm agro-biodiversity management and family
diets. (In addition to diet) Further more, a better understanding of other nutrition factors in
Andean households, such as hygiene and especially water management, gender relationships
and breastfeeding (Berti et al. 2010), is needed before being able to make statements about
the relationships between agro-biodiversity and family nutrition.

Provided the urgency of sustainable intensification in agriculture and limited
resources, we propose further research on what is working: positive deviance. As with the
research on pesticide health concerns in Ecuador (Paredes 2010), in further unpacking
datasets on otherwise harmful practices, one can find counter-tendencies to the distributional
norms that reveal alternative innovation pathways. Within the different populations and
global trends reported here, where are the farm families that have established market
conditions favorable to managing rich and stable agro-biodiversity? While it appears that the
smallest farms make less use of their biodiversity for dietary purposes, where are the families
that indeed make better use of on-farm production and other resources in achieving better
nutrition status? Upon identifying such positive deviant families, we propose in-depth
ethnographic study on how such promising trends are achieved in the context of adversity
and how such experiences could be mobilized in informing more effective policy for
sustainable intensification. More broadly, provided the earlier cited concerns over the
homogenization of farming practices as a result of 50 years of agricultural modernization in
places such as Ecuador, how can development and food policy promote continual
diversification in food production and consumption in ways that continually generate the
counter-tendencies needed for adaptation to ever-changing markets, environments and
consumer preferences?

CONCLUSIONS

What are the implications of this research for enabling smallholder farmers and research to
identify opportunities for the sustainable intensification of agriculture? In terms of providing
an entry point for beginning to characterize present practices and trends, we found that PFCA
can deliver fast and reliable results in qualitatively describing local heterogeneity in farming
practice in terms of size of landholding and on-farm agro-biodiversity. Further explorations
of ecological intensity and richness through the use of diversity indices enabled researchers to
test findings and further explore relationships. We found the simplified 24-hour dietary recall
to be an effective means for quickly assessing family-level consumption of food items in
light of on-going agro-biodiversity trends. Overall, these approaches provided a quick, rough
sketch of local dynamics in landholdings, agro-biodiversity, and diets in families and
communities, arguably useful for initially identifying opportunities for development work as
well as needs for follow-up research, for example on concerns associated with intra-specific
agro-biodiversity, inner family dietary dynamics and the economics of on- versus off-farm
production of food.
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For five decades, the road to intensification in Ecuador has centered on the integration
of the smallholder farming sector into commercial markets, which in this research appears to
have worked against the interests of agro-biodiversity and consumption of on-farm food.
Today, two products dominate diets -- potato and maize, with the consumption of barley also
widespread. Families generally prefer food products that are quick to prepare and rich in
calories. The consumption of animal-sourced proteins was commonly nil. This pattern
reflects the nutritional transition in Ecuador described by Waters (2006) and Yepez et. al
(2008), which may bring about worrisome consequences in family diets and nutrition.

Based on household level production and consumption practices, Chamorro (2011)
found that families commonly did not value the importance of environmentally robust and
highly nutritious traditional crops quinoa, chocho, melloco and mashua, among others, and as
a result, these crops are marginal in production systems and in family diets. This is
worrisome for at least two reasons. Andean grains, roots and tubers have been the basis for
nutritious diets in the risk prone Highland Andes for millennia (Flores 2003; Mujica and
Holle 1997; Repo-Carrasco 1998; Repo-Carrasco et al. 2003; Tapia 1997). Secondly, the
erosion of Andean crops in smallholder production systems could limit rural capacity to cope
with rising rates of climate variability tied with climate change (Perez et al. 2010).

Despite  worrisome  global trends, smallholder-farming families generate
heterogeneous patterns of agro-biodiversity management and food consumption. Regarding
policy interests of increasing robustness and stability in production systems as well as
increasing the consumption of nutritious foods in family diets, we find continued promise in
the heterogeneity of small-holder farming practices, in particular in smaller landholdings,
where it appears that increased agro-biodiversity of agronomic and nutritionally important
species maintain a relatively high profile in production systems and family diets. From the
perspective of sustainable intensification, the experiences of these families represent a
positive deviant to the broader tendencies of smallholder families. We conclude that finding
ways to strengthen the experience of this sector represents a valuable resource for the
sustainable intensification of overall smallholder family farming in the Highland Andes of
Ecuador.
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TABLES AND FIGURES

TABLE 1. Summary descriptive data for each community. The variables represent: the
number of participating farms (#farm), the mean farm size (Fsize), the percentage of the area
in production at the moment of survey (Aprd%), the number of species managed by the
farmers as given during the PFCA sessions (#Sp/pfca), the number of species found during
the field survey (#sp/farm), the total number of species found at each community (#Tspp), the
average values of Margalef index computed with PFCA data (Marg FCA) and with the
number of species prospected (Marg/samp), and the Shannon index of diversity (Shannon).

Community # farms Fsizze Aprd #sp/ | #sp/ | #T | Marg/ | Marg/ Shannon
(m") % pfca | farm | spp | fca samp

Tzimbuto 14 3,67514 0.52¢ | 27b | 21b| 37 2.6b | 195b 1.45b

Monjas 618,567 b 0.56bc | 17¢ 12¢| 28 1.7¢ | 123¢c 1.26 b

Vaqueria 13(18,197 b 0.74ab | 40a | 26a| 62 41a| 2.68a 1.64 ab

Guangopud 6 5,880bc 0.63abc | 18c 14b| 32| 2.0bc| 149¢c 1.37b

Paquibug 120 2,959 ¢ 0.81a | 18c | 23b| 58| 22bc| 2.72a 2.03a

Statistically different figures are ranked in order of a, b, ¢ (p = 0.05).
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FIGURE 1. Summary agro-biodiversity in five rural communities in Chimborazo (n=172
55 family farms; 95% confidence interval) as represented by the number of agricultural species
56 and the Margalef Index of species richness. The central plot represents the field area in /n
57 units.
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FIGURE 2. Distribution of family farms by size (m”) and number of cultivated agricultural
species resulting from Participatory Four Cell Analysis in five smallholder farming
communities: Vaqueria, Paquibug, Tzimbuto, Monjas and Guangopud) (n=172 farms).
Symbols show the position of individual farms in its respective community. The four
quadrants or cells represent: I) large farms and high biodiversity, II) large farms and low
biodiversity, III) small farms and low biodiversity, and IV) small farms and high biodiversity.
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32 FIGURE 3 a. Diagrammatic representation of the agricultural species reported by families
33 during Participatory Four-Cell Analysis in five communities, according to their occurrence in
farms and relative farm area occupied (n=172 farms)

URL: http:/mc.manuscriptcentral.com/gefn Email: efn,editor@oregonstate.edu



OO NOOl~WIN —

Ecology of Food and Nutrition

Page 22 of 26

Making Sense of Smallholder Farming in Ecuador 5
9 -
11 1
Onion @ 8 1 ® Corn
Potato @

~ 7 Barley ®

= Oats @ a5 Field beans @

N , Alfalfa ']

Garlic Vi . . Melloco @

E ® Lentils icca @ Turnips Lupin

\:/ ° ° L _ Oca s Cow

m 0 ® sQumaig 15 20 ®| 2500 55 35 1P 44 45 50

Artichok asiua Beets ® 4 4 bb

@ Cablags Chickens @

.5 Lettuce @

7 p -

arjoram @

3

s Cucumber ; 2 1

E: . o Blastage Camomile o
1 -’

111 0 A v

Number of Farms

FIGURE 3 b. Distribution of agricultural species, according to number of farms where
species occurred and relative area occupied, based on field-level surveys in five communities

(n=51 farms).
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31 FIGURE 4. Percentage distribution of the weight of food products consumed daily by
30 families in five communities (n=51 farms), recorded by 24-hour dietary recall studies
33 (averaged of 2 sample visits during harvests periods).
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FIGURE 5. Family consumption of off-farm (Off-f) and on-farm (On-f) food products (n=52;
based on 24-hour recall data).

URL: http:/mc.manuscriptcentral.com/gefn Email: efn,editor@oregonstate.edu



Page 25 of 26 Ecology of Food and Nutrition

Making Sense of Smallholder Farming in Ecuador 8

O©CONOOU »~0WIN —
(8]
n

DoD

Off-Farm

On-Farm

=
# Items in the diet

27 # species on farm

31 FIGURE 6. Relationship between number of on-farm agricultural species and number of food
30 items in family diet (DoD) (n=51 farms). Additional regression lines disaggregate data by on-
33 farm food items in family diet (On-Farm) and off-farm food items (Off-Farm).
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FIGURE 7. Boxplot for the number and origin of food items in family diet (n=51 farms),
classified by off-farm (Off-farm) and self-production (On-farm) as well as position of the
family farm in PFCA: I) Large farms with high species richness, II) Large farms with poor
species richness, III) Small farms with poor species richness, IV) Small farms with high
species richness. The length of the boxes represents 50% of the data bounded by the lower
and upper quartiles. The line bisecting the box represents the median. The vertical lines at the
top and bottom of the box indicate the range of typical values.
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