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ABSTRACT

The ever-increasing relevancy of agrobiodiversity studies is motivated by its important role in
food security, conservation, and economic value for rural communities. In order to determine
geographic distribution and state of conservation of agrobiodiversity in the Andes’ highlands of
the province of Imbabura — Ecuador, 606 farmers were surveyed from 85 communities located
over 2,500 masl. Standard Deviational Ellipse was used to determine the trend of spatial
distribution; Shannon - Weinner, Simpson, and Margalef indexes, as well as cluster analysis
were used to study abundance and conservation. Inverse Distance Weighted interpolation was
used to determine the trend of uses. The spatial autocorrelation Moran's I index and the ‘Near’
tool were used to define the influence of proximity to urban areas, and the correlation coefficient
to establish the relationship between ethnicity and conservation. The study identified 47 species
from seven different groups of crops. Most agro-biodiverse zones were located in Otavalo. Most
abundant specie was corn (Zea mays), (19.11% abundance). Pimampiro has a greater Shannon
diversity (H'= 1.118). Otavalo has the highest maximum diversity (Hmax = 1.602), and Urcuqui
has the greatest Shannon evenness among species (J'=0.931). Highest Simpson dominance index
(D= 0.15) was found in Antonio Ante. Corn has the highest number of uses. Highest levels of
agrobiodiversity conservation were found in Gonzalez Suarez and Otavalo. Ethnicity and
conservation showed an inverse correlation (correlation coefficient = -0.77). Agrobiodiversity
conservation shows spatial autocorrelation and values show tendency to clustering (Moran’s
1=0.25; z-score=2.80 and p-value=0.005). This research supports the conclusion that the most
agro-biodiverse areas, with higher levels of conservation of agrobiodiversity are in Otavalo.
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1. INTRODUCTION

The relevancy of agrobiodiversity studies has been increased due to its important role in food
security, conservation of genetic resources, and economic value for rural communities.
Agrobiodiversity is an indicator of sustainability, and its conservation is a key issue that
concerns both academic and development institutions (Leyva & Lores, 2012; Hilgert et al., 2013;
(Signore et al.). The Andes’ highlands are one of the most important centers of agrobiodiversity
in Ecuador (Sanchez, 2014; (MontUfar & Ayala, 2019). The limited information on the
characteristics, geographical distribution, and dynamics of agrobiodiversity in the province of
Imbabura, makes it difficult to focus on the conservation of biodiversity. That is the reason why
the understanding of agrobiodiversity in this area is becoming more significant.

Diversity of species is a measure of biodiversity within an ecological community that
incorporates two aspects: The species richness (number of species in a community), and
evenness of species abundance (McGinley, 2014). In order to evaluate these factors, diversity
indices have been used. Meerman (2004), He & Hu (2005), Camus (2008), and Lores et al.
(2008), have used Shannon - Wiener, Margalef, and Simpson diversity indices to assess
biodiversity. Similarly, cluster analysis is a multivariate technique that groups elements or
variables aiming to measure maximum homogeneity in each group and the biggest difference
among groups. This analysis has been used in studies of species richness and biodiversity by
authors such as Casatti et al., (2003) and Majumder et al. (2013). One of the most used software
is Biodiversity Professional, an open-source program which automatically calculates several
biodiversity indices (Nsabimana et al., 2013; McAleece et al., 2007).

Additionally, the ever-increasing advance in Geographic Information Systems (GIS) has made it
possible their use to support the study of genetic resources, making the application of GIS almost
essential (De Pasquale & Livia, 2022; Flachs & Abel, 2019; Santillan-Fernandez et al., 2021). In
recent years, there have been several studies that applied GIS and Ecogeography to generate
information about distribution, morphological diversity, and eco-geographical diversity, as well
as to facilitate or improve some tasks related to the conservation of agrobiodiversity (Parra,
Iriondo & Torres, 2012; Tapia, 2015; Raggi et al., 2022).

The goal of this study was to determine the geographical distribution and conservation of
agrobiodiversity in the Andes’ highlands of the province of Imbabura. Specifically, the study
focused on geographic areas where there is a greater concentration and conservation of
agrobiodiversity, and to the influence of proximity to urban areas and ethnicity.
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2. MATERIALS AND METHODS

The study was conducted in the province of Imbabura (Fig. 1), located in the northern Ecuador.
The study area included all rural communities located over 2500 meters above sea level (masl) in
six cantons, primarily populated by Indigenous Ecuadorians. Field data was collected between
March and December 2015.

Imbabura has a rich cultural and ethnic diversity. Its location in the Andes has promoted the
development of a varied biodiversity. It has upheld traditional agriculture and use of
agrobiodiversity. This province is considered one of the agrobiodiversity microcenters of the
country because of the wide number of species and varieties grown in the farmers' fields. This
agrobiodiversity richness is due to ancestral agricultural practices and its production is mostly
intended to self-consumption. This is also associated to the variety of uses in traditional cuisine
(INIAP, 2005; Tapia, 2005).
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Fig. 1: Province of Imbabura - Area of study

Primary georeferenced information was collected in rural communities of 12 parroquias
(political subdivisions) in six cantons of the Imbabura province (Fig. 1). These parroquias were
chosen in order to obtain a representative sample. Presidents of each of the 12 parroquias
provided a list of small holder farm households. From this list, households were randomly
sampled using GIS mapping. The size of the sample was calculated considering as the universe
the number of inhabitants over 18 years of age in each community, in order to keep the
proportionality of the sample in relation to the size of the community. The samples comprised
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606 small holder farm households. The information gathering focused on the agrobiodiversity of
crops intended for human consumption.

The information was processed in ArcGIS software v. 10.2, using Universal Transverse of
Mercator (UTM) Projection, World Geodetic System (WGS) 1984 Datum, and 17 South Zone.
In order to establish the trend of crop distribution, a Directional Distribution (Standard
Deviational Ellipse) tool was used. This technique has been widely used as a versatile GIS tool,
to define the geographical distribution (Wang et al. 2015). The richness and conservation of
agrobiodiversity was cartographically determined using symbology by quantities, based on the
variable number of crops.

The statistical analysis program Biodiversity Professional v. 2 (McAleece et al., 1997) was used
to identify sites with higher agrobiodiversity. The Shannon — Wiener diversity — equity index
[H = Zpilog pi], as well as the Simpson dominance index [DSi = Y.3_, pi?] (Leyva and Lores,

2012) and Margalef index [DMg = ;;;] were determined. R-mode cluster analysis was also

executed to determine the similarity between data (Majumder, Lodh and Agarwala, 2013). The
trend of agrobiodiversity use was determined by applying the Inverse Distance Weighted (IDW)
spatial interpolation method. This method helps understanding ecological patterns and trends of
behavior of specific variables (Angulo et al, 2013; Norris, Fortin & Magnusson, 2014; Gumiere
et al, 2014). The raster cell size was 20 meters for the province and 5 to 10 meters for each
canton, depending on the scale. The influence of distance to urban areas in agrobiodiversity
conservation was found by spatial autocorrelation analysis. Spatial autocorrelation "Moran’s 1"
tool, and proximity analysis were performed. In order to determine the influence of ethnicity on
agrobiodiversity conservation, regression analysis was performed. This methodology was
selected, based on the study by Skarbg (2014).

3. RESULTS

Standard deviation ellipses, applied to five (most abundant crops) of the 47 crops found in this
study, showed a tendency to elongated distribution, among Otavalo, Antonio Ante and Ibarra
cantons, where the agrobiodiversity of the province is concentrated (Fig. 2).
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Fig. 2: Standard deviation ellipses showing geographic distribution tendency on cantons.

The most abundant specie is corn (Zea mays) (19.11%), followed by potato (Solanum
tuberosum) (14.46%), beans (Phaseolus vulgaris) (13.23%), faba beans (Vicia faba) (12.26%)
and peas (Pisum sativum) (8.53%). Other crops represent 32.41%.
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Fig. 3: Crop richness on cantons.

Cultivated species found in each crop group are presented in Table 1. The results show that
canton Otavalo has the largest number of crops, meaning the greatest agrobiodiversity richness
by crop group (Fig. 3).

Table 1: Agrobiodiversity richness by crop group.

Antonio

Ante Cotacachi lIbarra Otavalo Pimampiro Urcuqui

Crop Group

Leguminous (Phaseolus vulgaris,

Pisum sativum, Lupinus mutabilis, Vicia 4 4 5 5 4 4
faba Cicer arietinum, Lens culinaris)
Gramineous (Avena sativa,Zea mays,
Hordeum vulgare, Triricumspp.)

Roots and Tubers
(Smallanthussonchifolius, Solanum
tuberosum, Ullucustuberosus,
Tropaeolum tuberosum, Oxalis
tuberosa, Ipomea batatas,
Arracaciaxanthorrhiza, Daucus carota)

Chenopodiaceae and amaranthaceae 1 1 2 2 1 1
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Antonio

Ante Cotacachi Ibarra Otavalo Pimampiro Urcuqui

Crop Group

(Chenopodium quinoa, Amaranthus

spp.)

Fruits (Persea americana,

Caricapentagona, Prunus spp.,

Fragaria sp., Passiflora spp., Citrus 1 0 2 11 10 1
spp., Pyrus malus, Rubus glaucus,

Solanum betaceum, Physalis peruviana)

Cucurbits (Cucurbita spp.) - - 1 2

Vegetables (Brassica spp., Beta

vulgaris, Allium spp., Lactuca sativa, - 2 1 10 1

Raphanus sativus)

Total Number of Crops 9 15 19 41 23 12

The results of the application of biodiversity indices (Table 2) indicate that canton Pimampiro
has a greater Shannon (H ") diversity. The canton with the highest maximum diversity (H max) is
Otavalo. Urcuqui shows the highest values of homogeneity (Shannon J '). The Simpson
dominance index (D) show the probability that two individuals randomly selected from a sample
will belong to the same species. The values of Simpson dominance in this study suggest that
Pimampiro has more diverse cultivated species. The results of Margalef index show that all
sampling sites have a high diversity of species (values over 5).

Table 2: Diversity Indices

Indices A. Cotacachi Ibarra Otavalo Pimampiro Urcuqui
Ante

Shannon H’ Log Base 0.848 1.050 1.014  1.089 1.118 0.931

10

Shannon Hmax Log 0.954 1.204 1.279 1.602 1.322 1

Base 10

Shannon J’ 0.888 0.872 0.793  0.680 0.845 0.931

Simpson Diversity (D) 0.15 0.105 0.121  0.115 0.095 0.119

Margalef M Base 10 24384  23.657 17.005 15.307 20.975 22.759

Cluster analysis, Fig. 4, shows that there is 73% of similarity between species (crops) in
Cotacachi and Antonio Ante cantons. That was the largest similarity found among the six
cantons of the province.
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Fig. 4: Cluster Analysis.

The areas with greatest use richness are Angel Pamba, Iluman Bajo and San Luis de Agualongo

in Otavalo, Florida and San Clemente in Ibarra and Ugshapungo in Cotacachi (Fig. 5).
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Fig. 5: Agrobiodiversity use ranges.

Correlation analysis (Fig. 6) shows a result of -0.77, suggesting an inverse correlation between
ethnicity and conservation of agrobiodiversity. The result of the application of spatial
autocorrelation analysis Moran’s 1 (Fig. 7) recognizes the existence of a pattern of spatial
distribution of crops. The resulting correlation coefficient between the variables number of crops
and distance to urban areas is 0.15. This value represents a low positive correlation, showing a
slight tendency of agrobiodiversity to be found away from urban areas.
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Source: Based on INEC, 2010.

The results related to the trend of aggregate spatial distribution of agrobiodiversity are consistent
with the findings of COPISA (2012), because agrobiodiversity was found in Otavalo and
Cotacachi. It can be concluded that the most agrobiodiverse areas are located, predominantly, in
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canton Otavalo. COPISA (2012) also supports the statement that Imbabura has important
diversity microcenters. The results may probably be due to the concentration of agricultural
production in rural communities and areas with irrigation water.

A common perception is that beans and corn are the main crops in all cantons. Tapia (2015)
stands that in Ecuador, corn is a major crop in both area and importance in food. According to
Lores et al. (2008), crop diversity has a strategic value in the rural economy.

The results show that Shannon (H') index presents a low diversity in all cantons (values lower
than two), although Pimampiro shows a greater Shannon diversity. Considering that this research
was based on agrobiodiversity, rather than ecological diversity of species, these values can be
considered normal for this type of study. The Simpson (D) dominance index shows that there is
less diversity in canton Antonio Ante. The Margalef index range from 15,31 in Otavalo to 24,38
in Antonio Ante. According to Gamito (2010), the difference in Margalef index is greater when
the sampled area is smaller. Cluster analysis shows that the highest similarity between cultivated
species occurs between cantons of Antonio Ante and Cotacachi. This result is, among other
factors, related to the geographical distribution of these two cantons. Due to their adjacency, soil
and weather conditions, as well as cultural backgrounds are similar, and therefore there is a
greater tendency for crops to be similar.

Concerning the use of Andean agrobiodiversity, many of the preparations are specific to the area
and allow maintenance of certain varieties because of their importance in the cultural context.
Taste, texture and cooking time are some of the aspects that farmers consider before choosing the
varieties they grow (Tapia, 2015). As mentioned by Guerra (2012), family farming is the main
provider of basic food in rural Andes. It can be concluded that the most cultivated species is
corn. Tapia (2015) supports the argument that diversity of corn maintained by farmers represents
the basis of their diet, and it has a direct relation to multiple uses and cultural practices.

This work further demonstrates that there is an inverse correlation between ethnicity and quantity
of crops that producers grow (correlation coefficient = -0.77). However, these variables could
show another type of correlation that is not exactly linear correlation. This may be because there
are other factors that determine the number of products they grow, for example, market.

In terms of Moran’s I values, the estimation confirms a tendency to clustering. It can be said that
agrobiodiversity conservation shows spatial autocorrelation. This result is logical, because the
cultivation of certain products and agrobiodiversity conservation tend to be similar among close
producers. This study found that proximity to urban areas slightly affects the agrobiodiversity
conservation, while ethnicity shows an inverse influence on the number of crops that producers
conserve. These results are similar to those found by Gomez & Antosova (2015).
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5. CONCLUSIONS

The current study shows that the most agrobiodiverse areas with higher levels of conservation
are located in Otavalo. The most abundant cultivated species have important strategic value in
the rural economy and food security. It can also be concluded that there is a greater number of
uses of agrobiodiversity in Otavalo and Cotacachi, promoting more conservation.

With regards to the influence of proximity to urban areas in agrobiodiversity conservation, we
can conclude that the spatial autocorrelation found, confirms that there is a larger level of
conservation to a limited extent in locations further from cities.

Finally, this work allows the results to be used in subsequent studies of agrobiodiversity in the
province of Imbabura.

AKNOWLEDGEMENTS

The authors acknowledge the farmers of the rural communities of Imbabura province, who
kindly provided the information for this study.

REFERENCES

[1] Angulo, C., Rétter, R., Trnka, M., Pirttioja, N., Gaiser, T., Hlavinka, P. and Ewert,
F. (2013). Characteristic 'fingerprints’ of crop model responses data at different spatial
resolutions to weather input. European Journal of Agronomy. 49: 104-114.

[2] Camus, P. (2008). Diversidad, distribucion y abundancia de especies en ensambles
intermareales rocosos. Revista de Biologia Marina y Oceanografiad3(3): 615-627.

[3] Casatti, L., Mendes, H. and Ferreira, K. (2003). Aquatic macrophytes as feeding site for
small fishes in the Rosana Reservoir, Paranapanema River, Southeastern Brazil. Brazilian
Journal of Biology. 63(2).

[4] COPISA, Conferencia Plurinacional e Intercultural de Soberania Alimentaria (2012).
Propuesta de Ley Organica de Agrobiodiversidad, Semillas y Fomento Agroecoldgico.
Comisién Técnica de Agrobiodiversidad, Semillas y Agroecologia.

[5] De Pasquale, G., & Livia, S. (2022). Biocultural diversity in the traditional landscape of
Vallecorsa. Biodiversity and Conservation, 31(10), 2373-2396.
https://doi.org/10.1007/s10531-022-02400-1

[6] Flachs, A., & Abel, M. (2019). An Emerging Geography of the Agrarian Question: Spatial
Analysis as a Tool for Identifying the New American Agrarianism. Rural Sociology, 84(2), 191-
225. https://doi.org/https://doi.org/10.1111/rus0.12250

[7] Gomez, H. andAntosova, G. (2015). Perfil espacial de la economia boyacense. Apuntes
del CENES.34(59), 93 — 124.

www.ijaer.in Copyright © IJAER 2023, All rights reserved Page 56



https://doi.org/10.1007/s10531-022-02400-1
https://doi.org/https:/doi.org/10.1111/ruso.12250

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]

[19]

[20]

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 09, Issue: 01 "January-February 2023"

Guerra, M. (2012). Cayambe: Entre la agroempresa y la agrobiodiversidad: Trabajo
asalariado y conservacion de los sistemas productivos. FacultadLatinoamericana de
CienciasSociales, Sede Ecuador. pp 17 — 35.

Gumiere, S., Lafond, J., Hallema, D., Périard, Y., Caron, J. andGallichand, J. (2014).
Mapping soil hydraulic conductivity and matric potential for water management of
cranberry: Characterisation and spatial interpolation methods. Biosystems Engineering.
128(1): 29 — 40.

He, F. and Hu, X. (2005). Hubbell’s fundamental biodiversity parameter and the Simpson
diversity index. Ecology Letters. 8: 386 — 390.

Hilgert, N., Zamudio, F., Furlan, V. andCariola, L. (2013). The Key Role of Cultural
Preservation in Maize Diversity Conservation in the Argentine Yungas. Evidence-Based
Complementary and Alternative Medicine. Hindawi Publishing Corporation. Articulo 1D
732760. 10 p.

INIAP, Instituto Nacional Auténomo de Investigaciones Agropecuarias. (2005).
Definicion y caracterizacion final de microcentros de variabilidad genética Estacion
Experimental Santa Catalina. Departamento Nacional de RecursosFitogenéticos vy
Biotecnologia. Quito. pp. 55-58.

Leyva, A. andLores, A. (2012). Nuevos indices para evaluar La Agrobiodiversidad.
Agroecologia. 7: 109-115.

Lores, A., Leyva, C.and Tejeda, T. (2008). Evaluacion espacial y temporal de la
agrobiodiversidad en los sistemas campesinos de la comunidad “Zaragoza” en La
Habana. CultivosTropicales. 29 (1). La Habana.

Majumder J., Lodh, R. andAgarwala, B. (2013). Butterfly Species Richness and Diversity
in the Trishna Wildlife Sanctuary in South Asia. Journal of Insect Science. 13(79): 1 - 13.
McAleece, N., Lambshead, P. & Paterson, G. (1997). Biodiversity Pro. The Natural
History Museum, London.

McGinley, M. (2014). Species Diversity. The Encyclopedia of Earth.

Meerman, J. (2004). Rapid Ecological Assessment Columbia River Forest Reserve Past
Hurricane Iris. Ya'axché Conservation Trust y Toledo Institute for Development and
Environment. pp. 6 — 19.

Montufar, R., & Ayala, M. (2019). Perceptions of agrodiversity and seed-saving practices
in the northern Andes of Ecuador. Journal of Ethnobiology and Ethnomedicine, 15(1),
35. https://doi.org/10.1186/s13002-019-0312-5

Norris, D., Fortin, M. and Magnusson, W. (2014). Towards Monitoring Biodiversity in
Amazonian Forests: How Regular Samples Capture Meso-Scale Altitudinal Variation in
25 km? Plots. PLoS ONE. 9(8). 9 p.

www.ijaer.in Copyright © IJAER 2023, All rights reserved Page 57



https://doi.org/10.1186/s13002-019-0312-5

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939

Volume: 09, Issue: 01 "January-February 2023"

Nsabimana, D., Tuyisingize, D. andGasangwa, Y. (2013). Abundance, Distribution and
Ecology of Flycatchers in the Arboretum of Ruhande in Rwanda. Agricultural Sciences.
1(1), 62 —73.

Parra, M., Iriondo, J. & Torres, E. (2012). Applications of ecogeography and geographic
information systems in conservation and utilization of plant genetic resources. Journal of
Agricultural Research. 10(2), 419-429.

Raggi, L., Pacicco, L. C., Caproni, L., Alvarez-Mufiiz, C., Annamaa, K., Barata, A. M., .
.. Negri, V. (2022). Analysis of landrace cultivation in Europe: A means to support in
situ conservation of crop diversity. Biological Conservation, 267, 109460.
https://doi.org/https://doi.org/10.1016/j.biocon.2022.109460

Santillan-Fernandez, A., Salinas-Moreno, Y., Valdez-Lazalde, J. R., Bautista-Ortega, J.,
& Pereira-Lorenzo, S. (2021). Spatial Delimitation of Genetic Diversity of Native Maize
and Its Relationship with Ethnic Groups in Mexico. Agronomy, 11(4), 672.

Signore, A., Renna, M., & Santamaria, P. Agrobiodiversity of Vegetable Crops: Aspect,
Needs, and Future Perspectives. In Annual Plant Reviews online (pp. 41-64).
https://doi.org/https://doi.org/10.1002/9781119312994.apr0687

Skarbg, K. (2014). The Cooked is the Kept: Factors Shaping the Maintenance of Agro-
biodiversity in the Andes. Human Ecology. 42(5): 711 — 726.

Séanchez, 1. (2014). Agrobiodiversidad y soberania alimentaria en la parroquia
Pefiaherrera, cantdbn Cotacachi. Tesis de Maestria. Universidad PolitécnicaSalesiana. 193
p.

Tapia, C. (2005). Conservacion Complementaria y Uso Sostenible de Cultivos
Subutilizados en Ecuador. Rescate, promocion y uso de recursos fitogenéticos
interandinos del Ecuador. Agrociencia. 9(1y2), 147 — 160.

Tapia, C. (2015). Identificacion de areas prioritarias para la conservacion de razas de
maiz en la sierra de Ecuador. Tesis (Doctoral). Universidad Politécnica de Madrid. 184 p.
Wang B., Shi W. and Miao Z. (2015). Confidence Analysis of Standard Deviational
Ellipse and Its Extension into Higher Dimensional Euclidean Space. PLoS ONE. 10(3).
€0118537. doi:10.1371/journal.pone.0118537.

www.ijaer.in Copyright © IJAER 2023, All rights reserved Page 58



https://doi.org/https:/doi.org/10.1016/j.biocon.2022.109460
https://doi.org/https:/doi.org/10.1002/9781119312994.apr0687

