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A B S T R A C T

Homegardens (HG) can play a key role in the conservation of plant diversity and at the same time provide
ecosystem services that have a direct and positive impact on human welfare. The relationships among
plant diversity, ecosystem services, and the factors that influence them formed the subject of study in
tropical HG in Sangay, Ecuador. We compiled information from 138 HG in 11 localities and found
484 plant species associated with 20 ecosystem services, the most important of which, according to
interviews with the gardeners, provide food, medicine and ornamentation. Influential physical factors on
plant diversity in the HG were altitude, precipitation and temperature, while socioeconomic factors,
including ethnicity, gender, income and education, were perhaps more important determinants of HG
diversity. Three groups of HG were identified by Hierarchical Ascendant Correspondence Analysis: “small
HG of recent origin,” having the fewest species and ecosystem services, “large, transitional HG,” having a
wide range of services, and “medium, established HG,” mainly supplying food, medicine, ornamentation,
shade and fencing. Ethnicity may be a stronger determinant of differences in HG composition: for Shuar
people, HG were a main source of food, critical to their subsistence in rural areas; in total, Shuar gardeners
cultivated on the whole more plant species. On the other hand, HG belonging to mestizos were more
diverse, have more exotic plant species, and provide mainly cultural and regulatory services. HG in more
urban settings mainly provided ornamentation, fencing and shade. This information can be applied by
policy makers to the design of strategies for biodiversity conservation and food security.

ã 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Homegardens (HG) offer a wide range of ecosystem services
(ES; Galluzzi et al., 2010). ES are the benefits generated directly or
indirectly from ecosystems (De Groot et al., 2002), associated both
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with specific functions of an ecosystem and with social drivers
(Andersson et al., 2007). As a result of this dual association,
biodiversity conservation determines the supply of ES and vice
versa (Cardinale et al., 2011). In the case of HG, benefits provided by
ES are recognized more often by intuition than measured
quantitatively; consequently, policy makers have tended not to
incorporate HG into land use planning (Kumar and Nair, 2004).
Also, although HG are considered biodiversity hotspots (Kumar
and Nair, 2004), recently regarded as critical for their role in
conservation of biodiversity in tropical areas (Bardhan et al., 2012),
most policy is dedicated to natural landscapes and forests, ignoring
the importance of agricultural systems in biodiversity conserva-
tion (Perfecto and Vandermeer, 2008). Characterizing the diversity
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and composition of HG and the ES they provide is an important first
step in recognizing their conservation value (Clarke et al., 2014;
Huai and Hamilton, 2009).

Traditionally, HG refer to agroforestry systems located close to
family dwellings, providing small-scale production focused
especially on food for household consumption; they often occur
with a multi-layered, carefully managed structure; they employ
family labour; each species within them is chosen to fulfil a
function or ES (Fernandes and Nair, 1986; Niñez, 1987). HG are
increasingly recognized as reservoirs of plant genetic diversity,
especially of traditional crops (Galluzzi et al., 2010; Blanckaert
et al., 2004); they serve as a refuge for wildlife (Perfecto and
Vandermeer, 2008) and they are important spaces for transmission
of cultural heritage (Galluzzi et al., 2010). Thus, HG are crucial to
the economic, social and cultural development of a society,
generating food, economic resources, medicine and employment,
all of which improve the welfare of people who benefit from them
(Kumar and Nair, 2004; Wiersum, 2006; Pulido et al., 2008).

The practice of HG is one of the traditional forms of subsistence
for Amazonian people, along with hunting, fishing and gathering
(Padoch et al., 1985; Wezel and Olh, 2005). Despite the importance
of HG to social and environmental sustainability, they have
received little scientific attention in Amazonian areas, other than
descriptions of the ES they provide (Calvet-Mir et al., 2012). In
general, HG characteristics (e.g., high biodiversity, complex
structure, sustainability) and the types of ES they supply are
influenced by physical, ecological and socioeconomic factors, and
Fig. 1. Map of the sampling points in homegarden survey in Sangay 
the needs and preference of gardeners (Huai and Hamilton, 2009;
Van der Wal and Bongers, 2013). For instance, in tropical HG,
altitude has been identified as an influencing factor in the selection
of garden plants (Abebe et al., 2013; Das and Das, 2015). In the
Amazon, several studies have highlighted the role of ethnicity in
HG plant diversity and composition (Lamont et al.,1999; Wezel and
Ohl, 2005; Perrault-Archambault and Coomes, 2008). Studies in
China show that the level of urbanization, including such factors as
the availability of domestic services and supplementary incomes,
also affects the wealth and services provided by HG (Clarke et al.,
2014). Integrated analyses on physical and socioeconomic aspects
of HG are fundamental to understanding the functionality and
benefits they provide (Das and Das, 2015).

Our research considered plant diversity and ecosystem services
in tropical HG of the Sangay parish, in Ecuadorian Amazonia. As
above, both physical and socioeconomic characteristics were
among the factors expected to influence diversity, composition
and ES in the HG of our study area. We took the opportunity
presented to us by the local parish population to understand, via
interviews and garden exploration the differences in HG composi-
tion, the ES identified by HG owners, and the related environmen-
tal and socioeconomic variables that determine them. We also
explored the differences between the HG which belonged to the
cultures that coexist in the small parish area; finally we defined the
types and characteristics of HG and the ES provided by them. Our
intent is to show that cultural context can determine how HG are
constructed and how they serve in biodiversity conservation.
parish, Palora municipality, Morona Santiago province, Ecuador.
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2. Materials and methods

2.1. Study area

The study was carried out in 11 localities of the Sangay parish
(78�00–77�550W, 1�430–1�480S) of the Amazon region of Ecuador
(Fig. 1). The parish has a tropical humid climate with an annual
precipitation of 3890 mm and a mean temperature of 21 �C.

Sangay is one of four parishes that constitute the Palora
municipality (Morona Santiago province). It has an area of 201 km2

and the population of 1172, belonging to five ethnic groups. Most
identify as Shuar indigenous people (65%) or mestizos (32%); they
inhabit 255 dwellings. Shuar people constitute one of the
traditional cultures of the Amazonian region, while mestizos, also
known as colonos, are the people who migrated there from other
regions of the country, especially during the Agrarian Reform of
1964–1973. Shuar people developed their culture in response to
the Amazonian ecosystem, with a wide range of knowledge about
their environment; in contrast, mestizos transformed ecosystems
through deforestation according to the laws imposed by land
reform (UNAE, 1985). Currently, regional planning in the Sangay
parish follows a 20-year development and land use plan (Plan de
Desarrollo y Ordenamiento Territorial) that is aligned with the
strategies of national planning, whose objectives are to improve
the quality of life of the Ecuadorian population.

Sangay includes a parish nucleus (cabecera parroquial) and its
surrounding communities; the parish nucleus serves the local
government. Nowadays, mestizos are concentrated in the parish
nucleus, while Shuar are in rural localities, with significant
differences in their level of urbanization. The nucleus includes
the parish administration (parish council and police), equipped
with basic services such as purified drinking water, plant
wastewater treatment, sewerage, and a medical clinic. Rural
localities do not have basic services, and in most cases offer only
primary education. For secondary school, students travel to the
Palora municipal capital.

The main economic activity in the Sangay parish is agriculture
and 70% of the population is engaged in this activity (INEC, 2011).
Shuar families maintain HG, referred to as ajas, which are highly
diverse, provide many ES, and accommodate a large number of
plant species that mimic the structure of forests (Boster, 1983).
Most Shuar HG owners and primary gardeners are women.
Traditionally, Shuar agriculture was a slash-and-burn practice,
with the locations of gardens changed every two or three years to
ensure soil fertility. However, due to land tenure laws, such
rotations are now restricted, and HG often remain in place for long
periods. On the other hand, HG belonging to mestizos are usually in
an area dedicated to the cultivation of ornamental species, as well
as a large number of other plants. Generally, HG, regardless of
ethnicity of the gardener, have a rectangular shape and are located
next to the house, sometimes bounded by hedges.

2.2. Data collection

A multidisciplinary approach to data collection was used,
combining structured interviews, collection of plant specimens
and botanical inventories in the HG, between September 2014 and
June 2015. The sample included 138 privately-owned HG located in
11 localities; the number of HG surveyed in each locality depended
on the number of dwellings. The HG were chosen at random and
participation was voluntary; for gardeners who spoke only the
Shuar language, a translator was required.

2.2.1. Structured interviews
A face-to-face questionnaire allowed us to characterize the HG

and their gardeners by ethnicity, age, education level, occupation,
monthly income, gender, number of family members involved in
garden care, size of garden, distance to markets (in the municipal
capital), and distance to a main road. We also recorded the number
of uses for each HG and two variables related to the perception of
the gardeners: their main objective in maintaining the HG and the
ES provided by these spaces.

2.2.2. Plant collecting and botanical inventory
HG area was measured using a Garmin GPS Smap 60CSx with a

precision of �3 m. In the company of the gardeners, local names of
cultivated plants were recorded along with number of individuals
of each plant, its uses, the part(s) of the plant used, and its growth
habit. If they could be identified to species, plants were categorized
as native to the Ecuadorian Amazon region or exotic. Taxonomic
identification to the species level was performed partly in the field
and partly from a voucher specimen collected and later identified
at the herbarium of the Escuela Superior Politécnica de Chimbor-
azo, Riobamba, Ecuador. The genus was recorded for plants that
could not be identified to species, and the family was recorded for
those that could not be identified to genus. Forty-two plants
remained unidentified, but it was confirmed that they were each a
different species. Conversations with a local healer complemented
the information gathered from the gardeners about the use of
plants and forms of preparation of products.

Twenty different uses of HG plants were identified and
classified according to three of the categories of ES created by
the Millennium Ecosystem Assessment (MEA, 2005): provisioning
(plants for food, food preparation, dyes, fibre, tools, construction,
hunting, fishing, fodder, fuel, poison, and commercial uses),
regulatory (plants for fencing and shade), and cultural services
(plants for veterinary use, personal medicine, ritual and other
personal use, use in handicrafts, and ornamental purposes). The
fourth category of supporting services (such as carbon storage,
nutrient cycling, etc.) was never recognized by gardeners, so it was
not included in our analysis. Many plants offered more than one ES,
so for the most part, the number of ES identified in a HG was larger
than the number of species encountered.

2.2.3. Physical data
Variables on the physical environment in which each HG was

situated included altitude, annual precipitation, average monthly
precipitation, mean, minimum and maximum temperature, and
slope. Using ArcGIS 10.3 (ESRI, 2014), we extracted values of these
variables from government-owned, raster-based datasets (MAE,
2013).

2.3. Data analysis

Data analysis was performed using qualitative and quantitative
methods within the R-package (R Development Core Team 2015).
Diversity of a HG was defined as the number of plant species
recorded in it. The frequency of an ES was defined as the number of
gardeners reporting the ES at least once; e.g., provision of food was
an ES with a frequency of 138, because at least one plant in each of
the 138 HG in our sample was reported to be a food provider. The
percentage of species in each ES category was calculated as a
fraction of all 484 plants encountered; e.g., 358 plant species
provided cultural services, equivalent to 74% of all plant species.

To categorize HG, we used Hierarchical Ascendant Correspon-
dence Analysis (HAC) with the Euclidean distance and Ward’s
method to calculate dissimilarity coefficients among the resulting
groups (Mendez et al., 2001); four variables previously standard-
ized for each HG entered this analysis: (1) plant diversity, (2)
number of ES, (3) age of HG, and (4) area. We excluded the only HG
located in Las Palmas from this analysis, because it contained an
unusually large number of species, corresponding to a very large
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area. We characterized the remaining groups of HG using ANOVA
for continuous variables, Kruskal-Wallis tests for discrete variables,
and Chi-squared tests for categorical variables, especially where
the results may have been biased by unbalanced numbers of
reports, e.g. of ES, in each HG category. We explored relationships
between the locality within the parish for each HG and (1) the
number of ES in each service category, (2) monthly income of the
main gardener, and (3) the number of people involved in the care of
the HG. We also explored relationships among ES categories and
(1) ethnicity of the main gardener (in categories of Shuar,mestizo,
and other), (2) homegarden group, and (3) level of urbanization
(nucleus or rural parish community). In these last two sets of
comparisons, we applied the Chi-square test of homogeneity to the
number of ES in three subclasses of none, between one and five,
and more than six reported.

To test if composition of the HG was influenced by physical
variables, we applied Detrended Correspondence Analysis (DCA)
from the R-library “vegan” to the most commonly encountered
plants (occurring in >20% of HG; a total of 40 species; Table S1),
standardizing plant abundances in each HG by its area. To
determine how physical factors influenced the distribution of
plants among HG, we fitted environmental variables onto the
resulting DCA ordination (Alday et al., 2014). We used the passive
fitting function “envfit” (Oksanen et al., 2015), allowing positive
and negative relationships to occur between environmental
variables and plant abundance.

Two multiple regression model sets were created using the
“glm” library with HG diversity as the dependent variable; one set
explored relationships with the physical characteristics of the HG
and another set explored relationships with socioeconomic
characteristics of the gardener. The best model for each set was
selected as the one with the lowest Akaike’s Information Criterion
(AIC) compared to the null model in the set.
Table 1
Ecosystem services by species in 138 homegardens in 11 localities Ecuadorian Amazon

Ecosystem service Frequency* Total number

Provisioning services
Food 138 142 

Food preparation 27 4 

Fibre 39 6 

Dyes 9 3 

Tools 17 4 

Construction 44 41 

Hunting 9 6 

Fishing 20 8 

Fodder 17 4 

Fuel 24 7 

Poisson 9 3 

Commercialz 31 9 

Regulatory services
Fence 79 8 

Shade 20 10 

Cultural services
Medicinal 132 145 

Ornamental 120 173 

Ritual 33 19 

Personal use 10 4 

Handicrafts 23 6 

Veterinary 35 11 

* Frequency is the number of times that a specific ecosystem services was reference
y The sum of native species and exotic species does not result in the total number of

categorized.
z All species in the commercial category also below to food category; the assigned s
3. Results

3.1. Socioeconomics, diversity and ecosystem services in homegardens

The ethnicities of gardeners in the sample were Shuar (83 cases
in 138HG), mestizo (46), and other ethnic groups (9). Other included
mixed cultures: Shuar-Kichwa, Shuar-Achuar, Kichwa of the Amazon,
and Kichwa of the Andes. The average age of gardeners was 45 years,
and their occupations were farmer (73 cases), homemaker (57),
teacher (4), other public employee (3), and merchant (1). The
predominant gender was female (106 cases). The average number
of family members was five (ranging from 1 to 11), and the average
number of people involved in garden care was two. Education
levels ranged from none (36 cases), to primary (87), secondary (8),
and university (7). The average monthly income was $247 (ranging
from $20 to $800 in USD).

Homegardens had an average area of 844 m2 and an average age
since establishment of 13 years. In total, 484 plant taxa were
recorded in all of the HG, and the average HG diversity was 32
species (range of 9–133). Ninety-six botanical families were
identified, and the most abundant (by percent of all plants) were
Orchidaceae 8.5%, Fabaceae 6.4%, Solanaceae 5.8%, Asteraceae 4.3%,
Arecaceae 3.6%, and Araceae 3.4%. The growth habits included herb
(35.7%), tree (27.9%), shrub (18.7%), vine (3.7%), liana (2.6%),
epiphyte (10.8%), and hemi-epiphyte (0.6%). The most common
species were Musa spp. (planted in 82% of HG), Colocasia esculenta
(L.) Schott (80%), Manihot esculenta Crantz (68%), Mouriri spp.
(59%), and Ananas comosus (L.) Merr. (55%). The least common
included 89 species that occurred in only one HG and 30 species
that occurred in only two HG. In total 64,419 individual plants were
counted, and the average number of individuals per HG was 467
(ranging from 59 to 4991). Native species represented 64% of the
flora in HG. The most abundant among all plants were C. esculenta
.

 of speciesy Native species Exotic species

82 48
3 1
6 0
3 0
2 2

35 1
5 1
8 0
1 2
7 0
3 0
3 6

4 3
8 1

80 48
69 66
11 3
2 1
5 1
6 1

d in a home garden.
 species because several species remained unidentified and therefore could not be

ervice in each case is the service declared by the home garden owner.



Table 2
Number of ecosystem services among types of homegardens in 11 localities in the study area, in categories reflecting number of gardeners reporting zero, one to five, and six or
more services. Where differences are significant in the responses of gardeners among categories, results of a test of homogeneity are indicated as p < 0.05 (*), p < 0.01 (**) and
p < 0.001 (***); see text for additional details.

Type of HG p value

Small HG of recent origin Large, transitional HG Medium, established HG

Provisioning services
Food provision 0.308

Number reporting 1–5 0 0 1
Number reporting 6+ 56 40 40

Food preparation 0.001**
Number reporting zero 51 25 35
Number reporting 1–5 5 15 6

Fibre <0.001***
Number reporting zero 46 20 33
Number reporting 1–5 10 20 8

Tools 0.346
Number reporting zero 50 33 38
Number reporting 1–5 6 7 3

Dyes 0.015*
Number reporting zero 43 47 39
Number reporting 1–5 0 7 1

Construction <0.001***
Number reporting zero 42 16 36
Number reporting 1–5 14 19 5
Number reporting 6+ 0 5 0

Hunting 0.041*
Number reporting zero 55 35 40
Number reporting 1–5 1 5 1

Fishing 0.019*
Number reporting zero 53 30 36
Number reporting 1–5 3 10 5

Fodder 0.222
Number reporting zero 51 32 37
Number reporting 1–5 5 8 4

Fuel 0.001**
Number reporting zero 50 26 38
Number reporting 1–5 6 14 3

Poison 0.099
Number reporting zero 54 35 40
Number reporting 1–5 2 5 1

Commercial 0.018*
Number reporting zero 47 25 35
Number reporting 1–5 9 15 6

Regulatory services
Fences 0.043*

Number reporting zero 28 20 11
Number reporting 1–5 28 20 30

Shade 0.001**
Number reporting zero 54 35 29
Number reporting 1–5 2 5 12

Cultural services
Medicine <0.001***

Number reporting zero 5 0 1
Number reporting 1–5 33 4 18
Number reporting 6+ 18 36 22

Veterinary 0.025*
Number reporting zero 47 24 32
Number reporting 1–5 9 16 9

Ritual 0.039*
Number reporting zero 49 26 31
Number reporting 1–5 7 12 10
Number reporting 6+ 0 2 0

Personal use 0.032*
Number reporting zero 55 34 39
Number reporting 1–5 1 6 2

Handicrafts 0.294
Number reporting zero 50 31 34
Number reporting 1–5 6 9 7

Ornamental 0.002**
Number reporting zero 11 5 2
Number reporting 1–5 36 15 21
Number reporting 6+ 9 20 18
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(23% of individuals recorded), M. esculenta (12%), and Saccharum
officinarum L. (7%).

The categories of ES delivered by the HG plants were most
commonly cultural (358 species, 74%), followed by provisioning
(237, 49%) and regulatory services (18, 4%). The specifically stated
ES were most commonly ornamentation (173 species), medicine
(145), provision of food (142) and construction materials (41),
ritual (19) and veterinary uses (11), shade (10), and commercial
uses (9); other services were less common (Table 1). Food was the
one ES provided by all HG, while medicinal and ornamental
services were provided by 132 and 120 HG respectively (Table 1).
According to the owner’s criteria, the main stated objective in
maintaining the HG was for food (70.3%); far fewer stated that
objectives included both food and medicine (15.9%), products for
market (11.6%), and both food and ornamental plants (2.2%).

3.2. Types of homegardens

Three types of HG were identified through HAC.
Group 1: small HG of recent origin (n = 43, 31%) had a median size

of 370 m2 and were located at high altitudes (median 1020 m.a.s.l.)
just a few (median 3) years since establishment. Owners were
young (median 37 years old), predominantly Shuar (72%), much
less frequently mestizos (21%) or other (7%) cultural groups. These
HG were characterized as having only a few species (median 19)
and individual plants (median 199), providing a small number
(median 20) and types (median 4) of ES. Owners stated that their
HG provided mostly provisioning services, such as food, but also
services in the other two categories, including medicine, orna-
mentation and fencing (Table 2).

Group 2: large, transitional HG (n = 54, 39%) had a median age of
10 years. They were large (median 915 m2) and located at low
altitudes (median 980 m.a.s.l.); their owners were predominantly
Shuar (63%), with 31% mestizos and 6% others, with a median age of
46 years. A very large number of individual plants (median 461),
species (median 38) and ES (median 43), spanning a wide range of
types (median 8), were encountered in these HG. ES were in all
categories, including food, food preparation, construction
Fig. 2. DCA biplots for the first two axes of floristic compositional data (138 homegarde
variables were fitted as passive variables. The variance explained by each axis is in par
Ingspe = Inga spectabilis, Ingedu = Inga edulis, Persme = Persea americana, Mussp = Musa 

Cucusp = Cucurbita sp., Colscu = Colocasia esculenta, Anacom = Ananas comosus, Bacgas = Ba
schultzeana, Sacoff = Saccharum officinarum, Citret = Citrus reticulata, Citmax = Citrus max
Citmed = Citrus medica, Scodul = Scoparia dulcis, Thecac = Theobroma cacao, Cymcit = Cym
Hylpol = Hylocereus polyrhizus, Annmur = Annona muricata, Carpap = Carica papaya, Pipu
Alover = Aloe vera, Xansag = Xanthosoma sagittifolium, Mousp = Mouriri sp., Brugra = Brun
materials, fibre, fishing, tools and hunting supplies, commercial
and medicinal products, fuel, veterinary and ritual uses, dyes and
ornamentation (Table 2).

Group 3: medium, established HG (n = 40, 29%) had a median age
of 20 years; they were located at high altitudes (median 1020 m.a.s.
l.) and had a median size of 575 m2. Owners were older (median
53 years old), predominantly mestizos (50%), but also Shuar (43%)
and other (8%) cultural groups. The HG in this group contained a
fairly large number of species (median 30), individual plants
(median 295), and ES (median 34). There were few ES (median 5) in
any single HG, but as a sum ES were reported in all three categories
of service. Especially regulatory ES characterized this group,
including fencing and shade (Table 2).

3.3. Environmental and socioeconomic factors and HG composition

Among all the sampled HG, the average altitude was 1000 m,
slope 1.51�, annual precipitation 3893 mm (monthly precipitation
324 mm), mean temperature 21 �C, minimum temperature 16 �C,
and maximum temperature 27 �C. The two first axes in the DCA
ordination displaying HG plant composition had eigenvalues of
0.27 and 0.24 and explained 33% and 26% of variance in plant
diversity, respectively. The first axis was negatively correlated with
all environmental variables, especially with minimum tempera-
ture (r2 = 0.06, p = 0.021), mean temperature (r2 = 0.08, p < 0.006)
and maximum temperature (r2 = 0.06, p = 0.020). The second axis
was negatively correlated with monthly precipitation (r2 = 0.06,
p = 0.026). The right side of the second axis was also associated
with the localities of Chinimp, Chup, Las Palmas and Paquisha.
Species from these communities appeared to be adapted to higher
minimum and maximum temperatures, and to lower precipitation.
Species from Santa Rosa, La Cañari and Agua Potable also appeared
to tolerate high temperatures. The community of Sangay was
especially associated with Theobroma cacao L., Citrus maxima
(Brum.) Merr. and Mouriri spp. (Fig. 2).

Altitude (p < 0.001), monthly precipitation (p = 0.002), mean
(p < 0.001) and minimum temperature (p < 0.001) were significant
predictors of plant diversity in HG according to the best regression
ns grey circles) sampled in the 11 localities in Ecuadorian Amazon. Environmental
entheses. Species codes: Ocicam = Ocimum campechianum, Ingden = Inga densiflora,
sp., Manscu = Manihot esculenta, Diostr = Dioscorea trifida, Psigua = Psidium guajava,
ctris gasipaes, Eugsti = Eugenia stipitata, Solqui = Solanum quitoense, Presch = Prestoea
ima, Brugsp = Brugmansia sp., Manind = Mangifera indica, Poucai = Pouteria caimito,
bopogon citratus, Capann = Capsicum annuum, Malpen = Malvaviscus penduliflorus,
mb = Piper umbellatum, Gusmac = Gustavia macarenensis, Ipobat = Ipomoea batatas,
felsia grandiflora, Verlit = Verbena litoralis, Eryper = Erythrina peruviana.



Table 3
Number of ecosystem services among ethnic groups in 11 localities in the study
area, in categories reflecting the proportion of gardeners reporting zero, one to five,
and six or more services. Where differences are significant in the responses among
categories, results of a test of homogeneity are indicated as p < 0.05 (*), p < 0.01 (**)
and p < 0.001 (***); see text for additional details.

Ethnic Groups p value

Shuar Mestizo Other

Provisioning services
Food 0.3692
Number reporting 1–5 0 1 0
Number reporting 6+ 82 45 9
Food preparation 0.002*
Number reporting zero 61 43 7
Number reporting 1–5 21 3 2
Fibre 0.118
Number reporting zero 54 38 7
Number reporting 1–5 28 8 2
Tools 0.131
Number reporting zero 70 44 7
Number reporting 1–5 12 2 2
Dyes 0.058
Number reporting zero 74 46 9
Number reporting 1–5 8 0 0
Construction <0.001***
Number reporting zero 46 44 4
Number reporting 1–5 31 2 5
Number reporting 6+ 5 0 0
Hunting 0.251
Number reporting zero 78 46 9
Number reporting 1–5 4 0 0
Fishing 0.006**
Number reporting zero 65 45 9
Number reporting 1–5 17 1 0
Fodder 0.777
Number reporting zero 73 39 8
Number reporting 1–5 9 7 1
Fuel 0.013*
Number reporting zero 62 43 9
Number reporting 1–5 20 3 0
Poison 0.058
Number reporting zero 74 46 9
Number reporting 1–5 8 0 0
Commercial 0.014*
Number reporting zero 71 30 6
Number reporting 1–5 11 16 3

Regulatory services
Fences <0.001***
Number reporting zero 45 8 6
Number reporting 1–5 37 38 3
Shade 0.001**
Number reporting zero 81 37 8
Number reporting 1–5 1 9 1

Cultural services
Medicine 0.025*
Number reporting zero 6 0 0
Number reporting 1–5 36 13 6
Number reporting 6+ 40 33 3
Veterinary 0.001**
Number reporting zero 53 43 7
Number reporting 1–5 29 3 2
Ritual <0.001***
Number reporting zero 53 45 8
Number reporting 1–5 27 1 1
Number reporting 6+ 2 0 0
Personal use 0.040
Number reporting zero 73 46 9
Number reporting 1–5 9 0 0
Handicrafts 0.018*
Number reporting zero 65 44 6
Number reporting 1–5 17 2 3
Ornamental <0.001***
Number reporting zero 14 2 2
Number reporting 1–5 57 9 6
Number reporting 6+ 11 35 1
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model using environmental variables (Table S2). With higher
altitude, mean temperature and monthly precipitation, plant
diversity was lower, while with greater minimum temperature
diversity was higher. The best model associating socioeconomic
factors with plant diversity included size of HG (p < 0.001), age
(p < 0.001), occupation, gender, ethnicity, and education level of
the gardener, as well as distance of the HG to a main road. Larger
HG, more distant from a main road generally had higher diversity.
Higher diversity was cultivated by gardeners who also identified as
homemakers, and by older mestizo gardeners with no formal
education (Table S2).

3.4. Ethnicity, urbanization, socioeconomics and HG composition

Monthly incomes differed among ethnic groups (p < 0.001);
they were highest for mestizo HG owners (median $325), followed
by other ($200) and Shuar owners ($180). Mestizo gardeners were
significantly older (ANOVA, p < 0.001; arithmetic median 53 years),
followed by other (47 years) and Shuar HG owners (40 years).
Education also differed among ethnic groups (x2 = 12.8, p = 0.047):
mestizo (76%) and Shuar (66%) gardeners were more often limited
to primary level, while other ethnic groups had either no formal
education (44%) or primary education (56%). However, mestizos
included the highest number of HG owners with secondary and
university education. Socioeconomics differed among localities,
including further disparities in income (Kruskal-Wallis, H-test =
25.36, p = 0.002). The highest monthly income was in the Sangay
nucleus (median $300), where the population is predominantly
mestizo, while the lowest incomes occurred in the Shuar
community of Santa Cruz (median $60). Regarding the number
of people involved in individual HG care (Kruskal-Wallis, H-
test = 13.97, p = 0.046), more people participated in Santa Rosa
(median 3) and only one in Chinimp, Chup and Sangay.

Across all HG with Shuar owners, 370 different plant species
were recorded, compared to only 300 in HG with mestizo owners,
and 126 in HG with owners belonging to the other ethnics groups.
Individual HG diversity followed a different pattern (Kruskal-
Wallis, H-test = 6.18, p = 0.045), with more species in those owned
by mestizos (median 31), followed by Shuar (median 27) and other
(median 24) ethnic groups. Mestizos planted significantly more
exotic species (Kruskal-Wallis, p < 0.001; median 15) than Shuar
(median 10) and other HG owners (median 10). There were also
differences in the categories of ES provided by HG as reported by
the different ethnic groups. Shuar gardeners cultivated more plants
that offered provisioning services (Kruskal-Wallis, p = 0.028,
median 21 species), while mestizo farmers more often grew plants
that offered regulatory (Kruskal-Wallis, p < 0.001, median = 1) and
cultural services (Kruskal-Wallis, p < 0.001, median 16 species).
Shuar grew plants that were used for food, food preparation,
construction material, fishing supplies, medicines, rituals, handi-
crafts, fuel, veterinary medicines, fencing, and ornamentation;
meanwhile, mestizos preferred plants that offered food, medicine,
commercial uses, ornamentation, fencing and shade; other HG
owners mostly grew plants that provided food, medicine and
ornamentation (Table 3). The main places to collect medicinal
plants differed among ethnic groups (x2 = 52.7, p < 0.001). Mestizos
preferred to cultivate medicinal plants in their HG (74%), while
Shuar (47%) and other (44%) HG owners collected medicines mainly
from the forest.

HG diversity varied among localities (Kruskal-Wallis, H-test =
26.10, p = 0.004). Plant diversity was highest in Las Palmas (in total
133 different plants, 27% of all species); there, one Shuar family
lives isolated from other localities and the main gardener has a
broad knowledge of useful plants. Individual HG diversity was
higher in Santa Cruz (median 59 species) than in Paquisha and
Agua Potable, which had the lowest diversity (medians of 22 and



Fig. 3. Percentages of the cultivated species in homegardens into the three
categories of ecosystem services by locality, in Sangay parish, Morona Santiago
province, Ecuador.
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23 species, respectively). The frequency of ES differed among
localities in provisioning (Kruskal-Wallis, H-test = 5.32, p = 0.020),
regulatory (Kruskal-Wallis, H-test = 12.89, p < 0.001) and cultural
(Kruskal-Wallis, H-test = 12.85, p < 0.001) categories. HG in
Yawints had the highest proportion of ES in the provisioning
category (61%), while Agua Potable had the highest in the
regulatory (6%) and the parish nucleus in the cultural category
(64%; Fig. 3).

Finally, the number of reported ES varied according to the level
of urbanization. In the parish nucleus, more plants were cultivated
for ornamentation (x2 = 50.2, p < 0.001), shade (x2 = 20.1, p
< 0.001) and fencing (x2 = 10.6, p = 0.001), while in rural localities,
more plants were associated with ritual use (x2 = 7.9, p = 0.019),
fishing (x2 = 5.9, p = 0.015), construction materials (x2 = 15.9,
p < 0.001), handicrafts (x2 = 5.4, p = 0.020), veterinary (x2 = 5.0,
p = 0.025), personal use (x2 = 4.1, p = 0.043), and fuel (x2 = 5.9,
p = 0.015). Exotic species were encountered more frequently in the
parish nucleus (Kruskal-Wallis, p < 0.001; median 15) than in the
rural localities (median 10). Urban HG were significantly associated
with regulatory (Kruskal-Wallis, p < 0.001; median 1) and cultural
(Kruskal-Wallis, p < 0.001; median 15) categories of ES, while rural
HG were mainly associated with the provisioning category
(Kruskal-Wallis, p = 0.025; median 19).

4. Discussion

4.1. ES and plant diversity in the Sangay homegardens

Studies of tropical HG (Perrault-Archambault and Coomes,
2008; Mendez et al., 2001; Blanckaert et al., 2004; Lamont et al.,
1999; Abebe et al., 2013) reveal a wide variety in the number of
plant species cultivated that is not simply an effect of variation in
sample size; e.g. diversity across a sample of Peruvian HG
(309 species), Nicaraguan (324), Mexican (232), Amazonian
(161) and Ethiopian (120) HG, regardless of sample size. Such
variation has been attributed to the complexity and unpredictabil-
ity of HG diversity (Pulido et al., 2008). Compared to studies
elsewhere in the tropics, we encountered a wealth of plant
diversity in the Sangay parish, 484 species in 138 HG across
11 localities. Corresponding to this diversity, we encountered
reports of a wide range of ES, 20 in total, and all HG in our sample
supplied the provisioning services that are the main objective of
the management of agricultural systems (Calvet-Mir et al., 2012).
The species with the highest occurrence in the Sangay HG, Musa
spp., C. esculenta and M. esculenta, were not only used as food, but
also had commercial and medicinal uses.

That food provisioning was the most frequently mentioned ES,
especially in rural and in Shuar HG, reiterated the idea that in
subsistence economies, provisioning services become more
important (Zaldivar et al., 2002; Iftekhar and Takama, 2008;
Caballero-Serrano, 2012). Generally, HG have been acknowledged
as a potential primary source of a family’s carbohydrates, providing
around 65% of calories (Harner, 1994) and more than 50% of the
needs of a household in vegetables, fruits and herbs (Trinh et al.,
2003). The diversity of fruit species grown in Sangay suggested to
us that family nutrition, as well as biodiversity, is enhanced though
diversification of the HG (Kahane et al., 2013; Khoury et al., 2014).
Diversified cultivation assists the delivery of necessary micro-
nutrients and assures both food security and maintenance of
traditional knowledge (Chambers and Momsen, 2007).

Most of the commercial crops encountered in Sangay HG (67%)
were introduced plants, one of the most abundant of which was in
the genus Musa, an introduced species with a wide distribution
among ethnic groups in Central and South America (Zaldivar et al.,
2002). Other common non-native species encountered in Sangay
were those identified previously in Amazonian HG, such as
Xanthosoma sp., A. comosus, Gossypium sp., S. officinarum, Carica
papaya and Dioscorea spp. (Wezel and Ohl, 2005). In some cases,
traditional plants can appear less attractive to farmers, and some
commercial species are easier cultivated and more marketable
than traditional crops (Kahane et al., 2013). Increasing quantities of
commercial foods in the indigenous diet in many regions has been
linked to loss of local diversity, nutritional deficiencies, and food
insecurity (Kuhnlein, 2014). On the other hand, the cultivation of
local varieties allows the provision of diverse ES, especially cultural
services based on traditional knowledge (Calvet-Mir et al., 2012).
The use of traditional foods has been shown as indispensable for
the sustainability of indigenous health systems and wellbeing
(Kuhnlein, 2014).

Unlike the large number of species and types of services
associated with provisioning and cultural services, just 18 species
and two ES in the regulatory category were mentioned by Sangay
HG owners. Probably because of their intangibility, regulatory ES
less often come to mind; gardeners tend to perceive food or
medicines as more important, even though the same food or
medicinal plant may provide a variety of ES (Blanckaert et al.,
2004). In our case, it was especially the “Medium, established HG”
that provided those regulatory services that were mentioned,
likely because this group of HG had more years and, as a result, a
more complex structure that mimicked natural forest conditions,
in which larger trees provided shade. The widest range of ES was
associated with the “Large, transtitional HG”. We note that adding
species can have positive effects on some ecological functions and
on the provision of ES (Jackson et al., 2007); for instance, it has
been shown that high HG diversity is associated with a greater
potential of delivery of ES such as carbon sequestration (Kumar,
2011).

4.2. Environmental and socioeconomic factors influencing HG
composition and ES delivery

Physical factors, including altitude, precipitation and tempera-
ture, influenced diversity in the Sangay HG, as in other tropical
regions worldwide. For example, the number of species we
encountered in the HG was expected to increase at lower elevation
(Abebe et al., 2013; Das and Das, 2015), as was the case especially
for HG in the “Large, transitional” group. Greater HG diversity also
corresponded with areas of higher rainfall and temperature in the
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Sangay parish, as has been reported for Nicaraguan (Mendez et al.,
2001) and Peruvian HG (Perrault-Archambault and Coomes, 2008).
Species have requirements for particular physical conditions; for
example, S. officinarum needs higher precipitation and maximum
temperature than Hylocereus polyrhizus (F.A.C. Weber) Britton &
Rose. Despite these opposite requirements, Sangay gardeners are
exchanging S. officinarum for H. polyrhizus, supporting our idea that
crop selection can be associated more with socioeconomic than
environmental factors, as concluded elsewhere (Pulido et al.,
2008). We note that multiple factors act together to determine HG
composition, making for confounding trends that we describe
individually below for ease of interpretation.

Thus, in large part, the structure and composition of HG are in
response to the needs and preferences of their owners (Bardhan
et al., 2012; Abebe et al., 2013). Size of garden, and age, ethnicity,
education level and gender of gardeners have been identified
elsewhere as important factors in determining diversity in
Amazonian HG (Perrault-Archambault and Coomes, 2008); in
addition, the occupation of owners and the distance of the HG to a
main road were significant predictors of HG composition in
Sangay. For example, mestizos in Sangay have access to better
markets, incomes and education, perhaps explaining why they
cultivate a greater variety of exotic species, grown for commercial
purposes, and why one of the predominant ES obtained from their
HG is ornamentation, a luxury in more subsistence economies.
Previous studies of HG in China and Europe showed that higher
incomes and access to markets are associated with the choice of
ornamental plants over edibles (Clarke et al., 2014; Galluzzi et al.,
2010). In Sangay, the highest monthly incomes were also
associated with the lowest diversity in HG in the mestizo locality
of Agua Potable, showing the complexity of relationships between
HG diversity, ES, and socioeconomics.

Generally, mestizo gardeners cultivated the highest number of
species in their HG and cultivated more plants for regulatory and
cultural (medicinal) services. Regulatory services have been
especially perceived by mestizos with better education and higher
incomes (Caballero-Serrano, 2012). On the other hand, the greater
number of medicinal plants cultivated by mestizos can be
contrasted with the case of Shuar people, who gathered more
medicinal plants from the nearby forest. Urban gardens in South
Africa showed a similar trend: people with better socioeconomic
conditions cultivated more species in their HG, especially exotic
plants, while people with lower socioeconomic status had lower
diversity and mainly native plants in their HG (Lubbe et al., 2010).

Urbanization, not independently of ethnicity and others of the
socioeconomic factors, can also be related to the composition of
Sangay HG; plants for ornamentation, shade and fencing were
more often encountered in the parish nucleus, while services
such as provision of materials for fishing, rituals, handicrafts,
veterinary use, fuel, personal use and construction were more
often mentioned to us in the rural localities. Evidence elsewhere
has suggested that HG located near urban centres contain fewer
species and a larger number of ornamental and commercial
plants than those in rural areas, where the purpose of HG is more
related to provisioning services (Clarke et al., 2014; Pulido et al.,
2008; Kumar and Nair, 2004; Rico-Gray et al., 1990). Ornamenta-
tion was also associated with exotic species in Sangay, especially
in HG owned by mestizos living in the parish nucleus. The exposure
to more urbanized environments has been identified as a cause of
changes to traditional values and knowledge, including the
cultivation of exotics (Rico-Gray et al., 1990). In our case, we
cannot separate ethnicity from urbanization level, because the
urban population is mestizo, while in rural localities the majority
are Shuar.
4.3. Gender and traditional knowledge for biodiversity conservation in
homegardens

In Sangay, most gardeners are women. The role for women in
HG conservation is critical due to their wide knowledge of
horticulture (Perrault-Archambault and Coomes, 2008). Previous
studies have highlighted the role for the women in maintaining the
wellbeing of their families (Camou-Guerrero et al., 2008). For
traditional societies, gender is a key factor for division of labour. In
the Shuar culture, traditional knowledge about HG management
has been delegated to women, who transmit their knowledge from
mother to daughter. Women are in charge of the selection and
preparation of seeds, seedlings and cuttings, as well as their
planting (Carvajal and Shacay, 2004). Because Shuar traditional
knowledge is transmitted orally, it is vulnerable; already various
rites to ensure fertility of crops are less practised today than a
generation ago (Carvajal and Shacay, 2004). Diverse indicators
from the present study show that traditional knowledge is being
lost in Sangay. For instance, very few species were linked by HG
owners to traditional uses, and the “Small HG of recent origin,”
whose owners were also younger, were less diverse and, therefore,
provided fewer ES in comparison with the other types of HG.
Traditional knowledge is threatened globally by cultural changes
and many traditionally cultivated species are disappearing (Huai
and Hamilton, 2009). The recognition of indigenous knowledge is
essential to the sustainable management and conservation of
biodiversity in many parts of the world (Gadgil et al., 1993).

Homegardens have captured the interest of many scientists
because of the need for economic and environmentally sustainable
farming systems in the tropics (Padoch et al., 1985). However, little
effort has been made in the preservation of HG. For instance,
among the decisions made in the Palora capital, the Sangay
municipality’s conservation strategies projected to 2025 have
focused only on the protection of natural areas, reduction of the
agricultural zone, and decrease in the use of chemical inputs in
agriculture (GAD Palora, 2015), ignoring agroforestry adaptations
such as HG. As in other parts of the tropics, agriculture is one of the
most important activities in Sangay; therefore, the conservation of
biodiversity depends not only on the protection of natural areas,
but also on the maintenance and management of traditional
agricultural systems (Perfecto and Vandermeer, 2008). While the
goals of agriculture and biodiversity conservation appear to be
opposed, sustainable practices and implementation of integral
strategies can generate ecological, socioeconomic, cultural bene-
fits, as well as food security (Thrupp, 2000). In a subsistence
economy, food security strategies should be necessarily a priority
and should be considered together with the protection of cultural
diversity, native ecosystems, and the healthy consumption of
traditional foods (Kuhnlein, 2014).

5. Conclusions

Tropical HG in the Ecuadorian Amazon contain a wide range of
species that provide diverse ES directly responsible for the survival
and welfare of their owners. The great diversity of plants and
especially the cultural support offered by HG play an important
role in the conservation of biodiversity. The variety of ES that HG
provided has depended on physical HG features as well as the
owner’s characteristics and needs; the more diverse HG provided
more ES. Members of the Shuar culture strongly linked their HG to
food provision, and for mestizos, HG were a source of medicine,
ornamentation and commercial products. The commercial service
provided by some exotic species represents an opportunity for
local development, but considering the importance of local species
and varieties on the maintenance of biodiversity and traditional
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knowledge; however, we do not advocate the expanded planting of
exotics in HG. Re-evaluation of traditional knowledge, recognition
of the role for women in biodiversity conservation, and special
consideration of cultural differences are essential to municipal
planning and to improving the quality of life of local populations.
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