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INTRODUCCIÓN 

En la actualidad, la mitad de la población mundial vive en áreas urbanas, mientras que en el 

año de 1900 menos del 15% habitaba en ellas (UN-HABITAT, 2009). Este proceso de 

urbanización transforma los paisajes naturales cercanos a las ciudades, provoca una fuerte 

presión sobre el tipo de uso de suelo en la periferia de la ciudad y sobre las áreas verdes 

ubicadas alrededor y dentro de la misma. 

Con el crecimiento de la población en zonas urbanas aumenta la necesidad de 

proveer alimento a las mismas, a la vez que los sistemas agrícolas adyacentes son aíslados, 

transformados o eliminados (Deelstra y Girardet, 2000; Premat, 2005; Thapa y Murayama, 

2008). Lo que contribuye a la pérdida de biodiversidad, a la desaparición y fragmentación 

de habitats y a la reducción de servicios ecosistemicos.  

Ante la expansión de la mancha urbana sobre las áreas agrícolas adyacentes y áreas 

de vegetación en su interior, los cultivos agrícolas en el interior o la periferia de las 

ciudades juegan un papel cada vez más importante para alimentar a su población. Sin 

embargo, pueden verse afectadas las redes tróficas que contribuyan a brindar servicios 

ecosistémicos como la regulación de plagas en estos huertos urbanos, por lo que es preciso 

explorar la interacción entre cultivos, insectos herbívoros y sus enemigos naturales 

(parasitoides y depredadores) en los huertos urbanos, la relación entre las características de 

estos sitios y la configuración del paisaje urbano en la que están embebidos. La presencia y 

el crecimiento poblocional de los insectos herbívoros puede estar influenciado tanto por 

características de los mismos huertos (ej. estructura y composición vegetal, prácticas de 

cultivo), como del entorno (ej. conectividad a otras áreas de vegetación, heterogeneidad del 

paisaje urbano). Asimismo, las poblaciones de insectos herbívoros pueden estar siendo 

contraladas por sus enemigos naturales (depredadores y parasitoides). Profundizar en el 
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estudio de los factores que influyen en la respuesta de insectos herbívoros y sus enemigos 

naturales a escala local y de paisaje, tiene particular interés en el escenario mundial de la 

agricultura urbana. 

Contexto de estudio  

Las áreas agrícolas convencionales son producto de la transformación de los ecosistemas 

naturales en campos de cultivo con unas cuantas especies (Wood, et al., 2005). Dependen 

de insumos externos (ej. fertilizantes y plaguicidas) y maquinaria para mejorar el 

rendimiento y maximizar la producción agrícola dejan de lado los servicios que el propio 

ecosistema brinda a la agricultura. Entre dichos servicios figura la regulación -a partir de la 

biodiversidad- de plagas. Ésta depende de la diversidad de sus enemigos naturales, de la 

diversidad de especies dentro de los ecosistemas, así como de la distribución espacial de los 

tipos de agroecosistemas en el paisaje (Díaz, et al., 2005). En comparación con 

agroecosistemas convencionales, las áreas agrícolas con manejo agroecológico tienen la 

posibilidad de recibir mayores servicios ecosistémicos, entre ellos la regulación de plagas, 

debido a que se promueve la conservación, aumento y uso de la biodiversidad para reducir 

las poblaciones de organismos plaga. A través de la diversificación de la vegetación dentro 

y alrededor de los cultivos, la rotación y asociación de cultivos y la reducción en la 

aplicación de agroquímicos se estimula la conservación de insectos benéficos (enemigos 

naturales) (Altieri, l999; Altieri y Nicholls, 1999). Además, en áreas agrícolas inmersas en 

un paisaje heterogéneo, con áreas de vegetación próximas, cuerpos de agua, pastizales, 

entre otras, pueden ocurrir un intercambio de especies entre hábitats, lo que beneficia la 

diversidad en el paisaje y a la vez al incremento de la diversidad de enemigos naturales. Sin 

embargo, la reducción de la biodiversidad en ecosistemas agrícolas, al igual que la 
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homogeneización de los paisajes agrícolas contribuye a una disminución en la capacidad de 

los ecosistemas para regular las poblaciones de plagas. 

 En el contexto de la agricultura urbana, para que estas áreas sean beneficiadas por 

servicios ecosistémicos, específicamente, la regulación de plagas, probablemente dependerá 

de la diversidad de enemigos naturales dentro de la ciudad y de cómo se constituye el 

paisaje urbano. Tanto la diversidad de cultivos en los huertos, su ubicación en distintos 

puntos de la ciudad, como el manejo de los mismos, pueden contribuir a que sean 

susceptibles al ataque de insectos herbívoros dañinos, siendo potenciales plagas. A pesar de 

que estas áreas representan parches de vegetación de diversas formas y tamaños que pueden 

ser hábitat o refugio para varias especies (Smith, et al., 2006; Fetridge, 2008), la matriz 

urbana puede reducir o suprimir la capacidad de desplazamiento de enemigos naturales 

(Gibb y Hochuli, 2002). 

 

Agricultura Urbana en San Cristóbal de las Casas 

La agricultura urbana se define como: “el cultivo de plantas y la cría de animales en 

o alrededor de las ciudades” (FAO, 2005). Este tipo de agricultura puede contribuir de 

forma efectiva a incrementar la seguridad alimentaria de diversas formas: produciendo 

alimentos en casa y reduciendo la escasez estacional de productos frescos (FAO, 2005). 

Actualmente, la agricultura urbana proporciona una parte de los alimentos cotidianos a 

aproximadamente 700 millones de residentes en ciudades, un cuarto de la población urbana 

mundial (FAO, 2005).  

En la ciudad de San Cristóbal de las Casas (SCLC), Chiapas existen áreas de 

agricultura urbana y periurbana de autoconsumo. Se llevan a cabo en espacios por lo 
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general reducidos, llamados “huertos de traspatio” o “sitio” (Figura 1). También hay áreas 

de mayor extensión que manejan establecimientos comerciales, instituciones públicas (de 

investigación y/o educativas) y terrenos privados-comunales (Vásquez, 2010). 

 

Figura 1. Agricultura urbana y periurbana en la ciudad de San Cristóbal de las Casas. A) Cafetos y pequeños 

árboles frutales en macetas colocados como ornamentales en el jardín de un restaurante. B) Hortalizas en 

pequeñas camas de cultivo en la parte trasera de una casa del centro de la ciudad. C) Hortalizas en camas 

elevadas en la azotea de un restaurante. D) Aves de corral y árboles frutales en el patio de trasero de una casa 

en la periferia de la ciudad. Fotos: Vázquez-Cid, 2012. 

 

 Dentro de estas áreas los herbívoros más frecuentes son los áfidos o los pulgones 

(Vázquez-Cid 2012, observación personal). Debiso a la relativa facilidad del manejo de 

estos insectos herbívoros para su estudio y al potencial que tienen de ser dañinos para los 

cultivos (Cermelli, 1989; Cermelli, 2005; Ragsdale, et al., 2011), se decidió realizar el 

proyecto de investigación con estos insectos y sus enemigos naturales. 

! 

! 

! 

! 
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Biología general de los áfidos  

La forma de alimentación de los áfidos (Hemíptera: Aphididae), su el alto ritmo de 

reproducción y la habilidad de los individuos alados para desplazarse a grandes distancias 

sitúan a los áfidos dentro de las plagas más abundantes e importantes de los cultivos 

hortícolas y forestales (Holman, 1974; Powell, et al., 2006). Los áfidos son insectos 

pequeños (1– 4 mm), ovalados, ápteros o alados, de exoesqueleto blando, desnudo o 

provisto de una cobertura de excreciones cerosas. Se alimentan de la savia; Sus partes 

bucales (estiletes) penetran hasta los vasos cribosos del floema, donde se adhieren para 

nutrirse (Holman, 1974). Aunque son activos, sus movimientos son lentos y sedentarios. 

Presentan una reproducción sexual y asexual (holocíclica), en la cual se alternan 

generaciones de reproducción sexual con aquellas, sincronizadas con la presencia de alta 

abundancia y diversidad de plantas herbáceas (Figura 2). Los áfidos alados se desarrollan y 

migran hacía otras plantas cuando la planta hospedera comienza a marchitarse o bien 

cuando la colonia tiene un exceso de individuos ápteros (Richards y Davis, 1984; Vergara y 

Galeano, 1994). 

Existen especies de áfidos que dependen de una sola especie de planta para alcanzar 

su ciclo completo, lo que se conoce como ciclos monoécicos, mientras que otros áfidos 

necesitan migrar a otras especies de plantas para completar su (heteroicas). En el ciclo 

completo de generaciones, el desarrollo de áfidos sexuales y fundadoras ocurren 

generalmente en árboles, mientras que el desarrollo de varias generaciones de hembras 

ápteras y aladas ocurre comúnmente en herbáceas (Holman, 1974).  
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Figura 2. En zonas templadas los áfidos presentan una reproducción holocíclica, a la par de la temporada 

vegetativa. Pasando por un ciclo completo de generaciones que comprende cinco formas principales: 

fundadoras, vírgenes aladas, vírgenes ápteras, sexuales hembras y machos. La fundadora es una hembra 

partenogenética por lo general áptera que emerge en primavera a partir de un huevo invernal. Las vírgenes 

(hembras partenogenéticas) constituyen las generaciones siguientes que se desarrolla a través de la estación 

hasta el otoño, pueden ser aladas o ápteras dependiendo de las condiciones del ambiente. Las formas sexuales 

están representadas por hembras y machos que al copular producen huevos invernales. En muchas especies, 

estas formas se desarrollan durante el otoño como la última generación. FUENTE: Olmos, 2012. 

 

La agricultura urbana desde un enfoque de ecología del paisaje 

La abundancia de las plagas en la agricultura urbana puede depender de varios factores que 

dependen de la escala de análisis.  

 A escala local, la abundancia de insectos plaga depende directamente de la 

diversidad, composición y estructura de las plantas del huerto(Gliessman, 2002; 

Thevathasan y Gordon, 2004; Matienzo, et al., 2011). Estas características de la vegetación 

ocasionan variaciones en el microclima (ej. temperatura y humedad) que pueden afectar el 

desarrollo de poblaciones de insectos (Bailey, 1976; Ehrlich, et al., 1980; Kapos, 1989). La 
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simplificación de la composición vegetal, como la observada en los monocultivos es uno de 

los factores de mayor importancia en el incremento de los insectos herbívoros (Altieri y 

Letourneau, 1982; Coll, 1998; Gurr, et al., 2000; Letourneau, et al., 2011). En áfidos esto 

puede favorecer el incremento de su abundancia por la disponibilidad prolongada del a 

alimento y posible ausencia de enemigos naturales (Horn, 1981; Kindlmann et al., 2007). 

Banks (1998) reportó que la abundancia y distribución de Brevicoryne brassica L. (áfido 

especializado a las plantas de la familia Brasicaceae) es influenciada principalmente por la 

composición de la vegetación sin importar las escala de fragmentación del paisaje.  

Las técnicas de manejo de los sitios de cultivo influyen de diferente manera sobre 

las poblaciones de insectos. La fertilización por nitrógeno favorece el incremento en la 

abundancia de insectos herbívoros (Waring y Cobb, 1992) incluyendo los áfidos (McGarr, 

1942; Pettit, et al., 1994). El uso de insecticidas favorece la resistencia en los áfidos, pero 

impactan negativamente a sus enemigos naturales (Bartllet, 1958; Stern y Van de Bosch 

1959; Croft, 1989; Landis, et al., 2000).  

 A escala de paisaje, la heterogeneidad propiciada por la diversidad de fragmentos, 

tipos de coberturas y usos del suelo (Forman, 1995; Cousons y Ericsson, 2002; Pinkus, 

2006) favorece la presencia de especies generalistas, menos sensibles a la fragmentación 

(van Rensburg, 2000; Atauri y de Lucio, 2001). Los parches de vegetación dentro del 

paisaje pueden ser utilizados por los insectos herbívoros para moverse de un sitio de cultivo 

a otro (Puszkar, et al., 2002; Banaszak y Cierzniak, 2002). Insectos herbívoros usan estos 

corredores de vegetación para obtener alimento o refugiarse (Czechowski, 1982; Schmitz, 

1996). Sin embargo, a medida que las áreas de vegetación se encuentran alejados entre sí, la 

posibilidad de desplazarse y usar estas áreas se reduce (Bowne, et al., 1998; Tscharntke, et 

al., 2002; Tischendorf, et al., 2003). En áreas agrícolas tradicionales, las áreas adyacentes 



! )"!

con vegetación leñosa y herbácea son usadas por los insectos plaga y enemigos naturales 

para hibernar. Varias especies de áfidos usan árboles y arbustos de la familia Rosaceae 

como hospederos en invierno (Leather, 1993). Coleópteros depredadores de la familia 

Coccinelidae (Zhou, et al.,1995) y avispas parasitoides (Corbett y Rosenheim, 1996) 

también usan hábitats leñosos y herbáceos para hibernar. 

Por otro lado, los enemigos naturales reguladores de las poblaciones de insectos 

plaga, pueden ser afectados por los mismos factores que sus presas/huéspedes, aunque en 

diferente medida. A escala local, una mayor diversidad de plantas puede favorecer la 

reducción de la densidad de las poblaciones de insectos plagas en aproximadamente un 

50% en comparación con monocultivos (Coll 1998; Gurr, et al., 2000), debido al aumento 

en la regulación de plagas por parte de enemigos naturales (hipótesis de los enemigos 

naturales de Root, 1973). La diversidad de plantas promueve condiciones microclimáticas 

favorables, ofrece presas o huéspedes alternos para depredadores o parasitoides 

respectivamente y otros recursos como polen y néctar que sirven de alimento (Landis, et al. 

2000; Steffan-Dewenter, et al., 2001). Específicamente las poblaciones de parasitoides son 

favorecidas por las fuentes de néctar presentes en agroecosistemas diversos, al mejorar su 

tasa de reproducción e incrementar las tasas de parasitismo (Wratten, et al., 2003; 

Tylianakis, et al., 2004; Wackers, 2004; Heimpel y Jervis, 2005).  

A escala de paisaje, los enemigos naturales tienen una área de desplazamiento 

menor que los herbívoros (Thies, et al., 2005; Rand, et al., 2006) y son más susceptibles a 

la fragmentación del hábitat (Zabel y Tscharntke, 1998; Kruess y Tscharntke, 2000; Hunter, 

2002; Cronin 2004; Poveda, et al. 2012). En zonas urbanas, la reducción y degradación de 

áreas de vegetación influye particularmente en la diversidad de insectos de altos niveles 

tróficos (Gibb y Hochuli, 2002). Depredadores y parasitoides usan los fragmentos de 
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vegetación de mayor tamaño y menor grado de disturbio dentro de la ciudad (Gibb y 

Hochuli, 2002). De igual forma, en paisajes agrícolas la fragmentación de hábitats afecta 

principalmente a insectos depredadores y parasitoides en comparación con sus presas o 

huespedes (Kruess y Tscharntke, 1994; Thies y Tscharntke, 1999; Hunter, 2002).  

En áreas agrícolas, con la perdida de áreas de vegetación leñosa y/o herbácea 

adyacentes a los cultivos desaparecen hábitats para muchas especies que promueven 

distintos servicios ambientales tales como el control de plagas (Kruess, 2003, Tscharntke, 

et al., 2005). Bianchi y colaboradores (2006), al hacer una revisión de varios artículos sobre 

control biológico a nivel de paisaje en áreas agrícolas, señalaron que la actividad de 

enemigos naturales es asociada con hábitats herbáceos en 80% de los casos y con áreas de 

vegetación leñosas en un 71%. Por lo que dentro de las ciudades la presencia de áreas de 

vegetación leñosa puede favorecer la presencia de depredadores y parasitoides. Árboles y 

arbustos tales como Vaccinium spp., Cornus spp., Ilex spp. (Maier, 1981), Fraxinus spp. 

(Rieux, et al., 1999), Crataegus spp. (van Emden, 1965) y Urtica spp. (Perrin, 1975) 

pueden albergar hospederos y presas alternativas para depredadores y parasitoides. 

Además, proporcionan un microclima con temperatura estable (Rahim, et al., 1991; 

Hailemichael y Smith, 1994) y flores con néctar que promueve la longevidad y la temprana 

abundancia de parasitoides (Dyer y Landis, 1996, Cappuccino, et al., 1999).  

Ante la expansión de la mancha urbana sobre las áreas agrícolas adyacentes y áreas 

de vegetación en su interior pueden verse afectadas las redes tróficas que contribuyan a 

brindar servicios ecosistémicos como la regulación de plagas. Al mismo tiempo que surgen 

huertos dentro de la ciudad como una estrategía para satisfacer parcialmente la necesidad 

de alimento. Por lo que es preciso explorar la interacción entre cultivos, insectos herbívoros 

y sus enemigos naturales (parasitoides y depredadores) en los huertos urbanos, la relación 
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entre las características de estos sitios y la configuración del paisaje urbano en la que están 

embebidos. 

A pesar del auge de la agricultura urbana y de las medidas de manejo de plagas en 

cultivos urbanos, son relativamente escasos los estudios realizados sobre control biológico 

de plagas en paisajes urbanos. Por lo tanto, considerando el sistema trófico áfidos – 

enemigos naturales, en este trabajo se plantea como hipótesis que el impacto de los áfidos 

(Aphididae: Hemíptera) sobre la agricultura urbana y periurbana depende de la 

composición vegetal de los sitios y del paisaje circundante. El objetivo fue evaluar la 

relación entre las especies vegetales cultivadas en los huertos y los tipos de coberturas del 

paisaje –Infraestructura urbana, vegetación leñosa, vegetación herbácea, áreas abiertas y 

cuerpos de agua– con la abundancia de áfidos y sus enemigos naturales en huertos urbanos 

de San Cristóbal de las Casas. 
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Abstract )!

As the proportion of the earth’s people living in cities grows, urban agriculture is an +!

increasingly important element of food security. However the ecological services that "!

sustain agricultural production have not been well studied in urban settings. We studied #!

aphids and their insect predators and parasitoids in a medium-sized city in the highlands of $!

Southern Mexico to evaluate the influence of the urban and periurban landscape on %!

potential for natural biological control. Using yellow pan traps, we sampled aphids, natural &!

enemies and vegetation in 19 gardens. We classified the city’s ground cover using a '!

satellite image. Detrended correspondence analysis distinguished four groups of sites based (!

upon their aphid and natural enemy communities. One group included only periurban sites, )*!

and another a small garden surrounded by cement and two rooftop gardens. Two other ))!

groups were mixes of urban and periurban sites. We used coinertia analysis to identify )+!

associations among plant species, aphids, natural enemies and groups of sites at the site )"!

level. Coinertia analysis and Aikake’s information criteria found associations of aphid and )#!

natural enemy communities with land cover at scales of 10-1250 m around the gardens. )$!

With the exception of root feeders, aphids thrive throughout the urban landscape. Several )%!

genera were positively associated with woody and herbaceous vegetation, open areas and )&!

water bodies at the larges spatial scales analyzed. Natural enemies were also present )'!

throughout the landscape, except at the sites surrounded by cement. Predator populations )(!

appeared to depend on tree cover at the 20 and 40 m scales. Parasitoids were positively +*!

associated with areas dominated by open areas, as well as with several garden plant species. +)!

Our findings demonstrate the potential for conservation biological control in an urban ++!

setting, and its dependence upon land use and plant cover in gardens and surrounding +"!

landscapes. +#!
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 +$!

Introduction +%!

More than half of the world’s population now lives in cities [1]. With rising transportation +&!

costs, many people, organizations and governments are turning to urban agriculture to help +'!

meet the rising food demand in urban areas [2]. Urban farming and gardening offer +(!

multiple benefits in addition to food provision [3, 4], including recreational and educational "*!

opportunities as well as many other ecological services that green spaces provide [5]. ")!

However growing food where we live requires increased attention to potential negative "+!

externalities, such as agrochemical contamination. For this reason, many urban agriculture ""!

initiatives emphasize organic and agroecological production strategies [6, 7]. "#!

Agroecological production itself relies on ecological services from surrounding landscapes, "$!

that regulate, for example, hydrology and microclimate. Of particular interest for "%!

agroecologists is the landscape-scale regulation of populations of potential pests and "&!

beneficial organisms [8].“Conservation biological control” refers to the management of "'!

fields and surrounding landscapes in order to minimize their permeability to pests and "(!

maximize habitat and movement of biological control agents [9, 10]. Urban farming takes #*!

place in mosaics of infrastructure, green spaces, and, in many cases, open water and #)!

wetlands. Plant communities include species that are planted for diverse purposes or that #+!

colonize spontaneously, and that are also diverse in their origins [11]. We know little about #"!

how these “novel ecosystems” [see 12, 13, 14] affect natural regulation of pest populations.  ##!

 At the local scale, spatial homogeneity and temporal predictability in plant #$!

communities favor herbivore abundance [15, 16, 17]. In cities, herbivores specializing on #%!

ornamental or ruderal plants are particularly favored by continuous availability of food #&!

sources in gardens and vacant lots. [18]. Natural enemies of pests, in contrast, often rely on #'!
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more than one type of food and habitat over the course of their life cycles, and therefore #(!

thrive under more heterogeneous conditions [19, 20, 21]. Furthermore, agroecosystem $*!

resilience to pests requires the maintenance in fields and surrounding landscapes of a $)!

diverse suite of natural enemies that can prevent and respond to outbreaks of different pests $+!

[19, 22]. Species and structural diversity in plant communities, provided by polycultures, $"!

hedgerows, cover crops, scattered shrubs and trees provide diverse habitats and food $#!

resources, fostering natural enemy diversity [16, 23, 24]. The abundance and diversity of $$!

plants with showy, insect-pollinated flowers favored by gardeners may provide nectar for $%!

parasitoids that oviposit in potential pest species. Agroecologists advocate planting $&!

combinations of species that flower in series as a strategy for maximizing natural enemy $'!

populations on farms [20, 23]. $(!

At the landscape level, cities are highly fragmented landscapes with distinct %*!

microenvironments that can affect potential insect pests and their natural enemies in %)!

different ways [18, 25, 26, 27, 28]. Herbivorous insects show little response to changes in %+!

landscape configuration [19, 29, 30], maintaining similar densities on small lots or large %"!

fields surrounded by urban infrastructure [31, 32]. Parasitoids and predators must forage %#!

more widely and their populations decline when hospitable patches of vegetation are few, %$!

small and isolated. [31, 33, 34]. High rates of parasitism have been associated with %%!

presence of uncultivated areas within 0.5 to 2 km of farms [30, 35]. Predaceous insects %&!

maintain their populations in diverse herbaceous vegetation adjacent to fields [36]. %'!

Predaceous insects are more abundant and diverse in landscapes with greater cover of %(!

uncultivated vegetation [37, 38]. In cities, populations of predators and parasitoids are &*!

concentrated in larger fragments of structurally diverse vegetation, such as in parks. [28]. &)!
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Here, we explore patterns in populations of aphids and their natural enemies in San &+!

Cristóbal de Las Casas, a rapidly growing city in the highlands of Southern Mexico. Aphids &"!

are common in gardens and fields in and around San Cristóbal (pers. obs.), are easy to &#!

sample [39, 40] and have been reasonably well studied in the region [41, 42, 43] Many &$!

aphid species specialize in one or a few plant families, while others are generalists [44]. &%!

Some feed above-ground, others below. Their diversity and abundance depend principally &&!

upon the timing, extension, permanence and diversity of their host plants. [45]. Aphids can &'!

become important pests because of their rapid population growth and because they are &(!

vectors for plant pathogens [46]. Parasitoid wasps and predators such as ladybugs '*!

(Coleoptera: Coccinellidae) and Syrphid larvae (Diptera: Syrphidae) are the principal ')!

biological control agents of aphids. By studying this suite of insects, we sought to '+!

understand how landscape composition at a range of spatial scales influences potential for '"!

conservation biological control in cities. '#!

Materials and Methods '$!

Study area '%!

The city of San Cristóbal de Las Casas (SCLC) in the highlands of Chiapas, Mexico is '&!

situated in a valley surrounded by karstic and volcanic hills [47] at 16°44’N y 92°38’W. It ''!

has a mean altitude of 2119 masl [48]. The climate is temperate and subhumid. Rainfall is '(!

concentrated in the summer months and the mean annual temperature is 14.4° C, with (*!

occasional winter frosts [49]. SCLC is traditionally a city of descendants of Spanish ()!

colonists. However it is among the fastest-growing cities in Mexico, and among the more (+!

recent arrivals are many Tseltal and Tsotsil Maya from the surrounding countryside, as well ("!

as people from other parts of Mexico and other countries [50]. At the same time, that the (#!

growing city has covered agricultural areas and filled in green spaces, this rich cultural mix ($!
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brings with it a diversity of gardening traditions and innovations [51]. In addition to these (%!

family plots, some businesses and institutions maintain gardens [52] (&!

Sampling sites ('!

From among gardens with willing owners, we selected 19 gardens distributed from the city ((!

center to the edge (Fig.1A). These urban and periurban gardens are polycultures including )**!

some combination of ornamental plants, vegetables, kitchen herbs, and medicinal herbs and )*)!

shrubs, and fruit trees. None of the owners apply agrochemicals (Table 1). )*+!

Vegetation sampling )*"!

Between February and May, 2012, we censused dominant plant species and their )*#!

abundance on these sites. We identified plants visually, with the aid of their common )*$!

names, and when necessary through identification of collections in the herbarium of El )*%!

Colegio de la Frontera Sur (ECO-SC-H) The 120 species identified are listed in Appendix )*&!

1. We also registered presence or absence of vegetation in the herbaceous (0-1 m), shrub )*'!

(1-5 m) and tree (5-20 m) layers.     )*(!

Insect sampling ))*!

Between March 1 and June 6, 2012, we sampled insects 12 times in each garden. This )))!

period covers the dryest, warmest season, when aphids are most abundant [40]. At each ))+!

site, we distributed uniformly 10 yellow plastic dishes 20 cm in diameter and 10 cm deep ))"!

half filled with soapy water [39, 40]. Site owners added water when necessary. After a ))#!

week we returned and collected insects from the traps in a separate jar for each site, ))$!

preserving them in 70% etanol. ))%!

We later separated and counted aphids (Aphididae: Hemiptera) and their potencial natural ))&!

enemies: parasitoid wasps from the Ichneumonoidea y Chalchidoidea superfamilies and ))'!

predators from the Coccinelidae (Coleoptera) y Syrphidae (Diptera) families. R. Peña-))(!



! ++!

Martínez, director of the Mexican Colletion of Aphidoidea (Hemiptera:Aphididae) )+*!

identified aphids to genera using photographs of winged individuals. We identified natural )+)!

enemies to the family level using keys in Triplehorn and Johnson [53] )++!

Land cover classification  )+"!

We used a multispectral, high-resolution Geoeye-1 satellite image of SCLC taken in April )+#!

2011. We performed a supervised classification of the image in ArcGIS 9.2 [54] using five )+$!

cover types: urban infrastructure (e.g. buildings, houses, paved streets), woody vegetation )+%!

(forests, orchards, hedgerows, parks, and scattered trees), herbaceous vegetation (pastures, )+&!

wetlands, and fields), open areas (unpaved roads, quarries, recently cultivated fields, and )+'!

areas of sparse vegetation such as soccer fields), and water bodies (streams and ponds). !)+(!

Training sites were identified through ground-truthed data obtained through site visits, and )"*!

visual interpretation of the image. The classification process was iterative. After creating a )")!

set of signatures representing all basic classes, we ran the classification and inspected the )"+!

resulting thematic image for errors with reference to the satellite image. We corrected )""!

errors by editing the training sites of existing signatures and/or creating additional )"#!

signatures. This iterative process continued until visual inspection of the classification )"$!

revealed no further obvious errors. Images were classified using the nearest neighbour )"%!

algorithm [55].!)"&!

Statistical analysis )"'!

The first step was to identify spatial patterns in the composition of insect communities [56, )"(!

57]. We identified groups of sites with similar insect communities through detrended )#*!

correspondence analysis (DCA) using the 'vegan' package [58] in R 2.15.1 [58]. We plotted )#)!

site scores on the first two axes, and then identified groups of sites that lay together on this )#+!

plane using K-means clustering [60, 61]. To decide how many groups to produce we: (1) )#"!
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produced between three and six groups (Fig. 2, Table 2); and (2) used the ANOSIM R )##!

statistic [62] for each of these groups to look at the difference in mean ranks of Bray-Curtis )#$!

dissimilarity between groups compared with within-group dissimilarity. The aim was to )#%!

maximize between-group dissimilarity. We complemented this analysis with a visual )#&!

inspection of the ordination diagram and expert judgement. )#'!

We calculated taxonomic richness and Shannon diversity índices [63] for aphids, )#(!

natural enemies and plants at each site using the functions ‘specnumber’ and ‘diversity’ )$*!

respectively, in the ‘vegan’ package [64]. We compared mean abundance, richness and )$)!

diversity among the groups of sites previously identified using DCA (see above) with a )$+!

boxplot graphic.  )$"!

We looked for associations between the plant taxa and entomofauna by building and )$#!

selecting among alternative models. We built the models with the 'vegan' function 'cca' in R )$$!

2.15.1 [59]. We began with a null model, then added every plant taxon, evaluating all )$%!

possible additions (+) and removals (-) at each step using Akaike’s information criterion )$&!

(AIC) [65] (Crawley, 2007). AIC addresses the trade-off between goodness of fit and )$'!

parsimony by adding 2(p + 1) to the deviance to penalize superfluous parameters. Because )$(!

the AIC used in model building is not based on a firm theory, we performed a permutation )%*!

test at each step.  )%)!

Using the selected plant taxa and the entomofauna databases we performed coinertia )%+!

analysis (CIA) [65] to identify associations between insects and the plant taxa selected by )%"!

AIC models. CIA is a multivariate method that allows simultaneous analysis of two tables )%#!

with the same row weights. We performed CIA using the function ‘coinertia’ in R package )%$!

‘ade4’ [67]. )%%!
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Finally, we calculated mean abundance for each taxon across the 12 sampling )%&!

periods per site sampled and performed separate models with ‘cca’ function for aphids and )%'!

natural enemies to explore associations between land cover classes and insect communities )%(!

at different scales. For each site we quantified proportion of the cover types in concentric )&*!

circles or “circular landscape sectors” [35] with radii of 10, 20, 40, 80, 160, 320, 640 and )&)!

1250 m (Fig. 1B). In rural settings, Thies and colleagues [35] used circular landscape )&+!

sectors of 0.5, 1.5, 2, 3, 4, 5 and 6 km. However given the finer grain of the urban )&"!

landscape, we opted to start at a smaller scale and use exponentially increasing radii, but )&#!

had to reduce the scale of analysis slightly to fit within the satellite image. For two sites )&$!

(Lucy, Gaby) near the edge of the image we could only classify cover to the 640 m scale, )&%!

and for a third (Albarrada) to 320 m. We used AIC to identify the best models as described )&&!

above for the vegetation-entomofauna analysis.!)&'!

 )&(!

Results )'*!

We collected a total of 7491 aphids from 15 genera and 3244 natural enemies that we )')!

identified to the level of family or superfamily (Appendix 2). Figure 4 presents abundance, )'+!

species richness and Shannon indices for aphids and natural enemies for groups of sites )'"!

identified by DCA. Aphid abundance was greatest in group FOUR (three urban sites with )'#!

high cement cover), intermediate in groups THREE (three periurban sites; recently )'$!

developed areas outside the city’s ring road) and TWO (a mix of six urban and periurban )'%!

sites), and lowest in group ONE (seven mixed urban and periurban sites). Natural enemy )'&!

abundance was essentially equal in groups ONE, TWO, and THREE, and much lower in )''!

group FOUR. Mean Shannon diversity of aphids and natural enemies varied little among )'(!

groups. Group ONE sites had the highest Shannon indices for vegetation (Table 1). )(*!



! +$!

 Vegetation vs Insects )()!

AIC identified 30 plant species with significant associations with aphids and/or )(+!

natural enemies (Table 2). The principal and secondary coinertia axes explained 40.3% and )("!

22.4%, respectively, of total variation among sites in aphid-plant community composition )(#!

(Fig. 5). The coinertia biplots suggests wide separation in aphid and plant communities )($!

among site groups ONE, TWO, and FOUR, while site group THREE (periurban sities) was )(%!

intermediate between groups TWO and FOUR. Aphids were associated mainly with )(&!

herbaceous and shrubby plants rather than trees. Site group ONE was not clearly associated )('!

with any aphid genera in the biplot (Fig. 5). )((!

Coinertia analysis for natural enemy-plant communities explained 78% of variation +**!

among sites in insect-plant community composition  (Fig. 5); 52.2% associated with the +*)!

primary axis and 26.1% associated with the secondary axis. Site groups ONE and FOUR +*+!

were not associated with particular natural enemy taxa, although group ONE was +*"!

associated with three flowering plant taxa that are potential nectar sources. Groups TWO +*#!

and THREE were closer together in the coinertia space and were associated with several of +*$!

the same plant and natural enemy taxa. However group TWO was strongly associated with +*%!

syrphid flies while group THREE was associated with ladybugs (Coccinellidae). +*&!

Land cover Vs Insects +*'!

The models created with CCA, found influence of land cover on communities of +*(!

aphids and their natural enemies over a range of spatial scales (Table 4). Aphid +)*!

communities were associated most strongly with land cover at the largest analysis scales. +))!

Water bodies, open areas, and woody and herbaceous vegetation were all positively +)+!

associated with aphid abundance, with the tightest relationships at the 1250 scale. +)"!

Infrastructure was most tightly associated with aphid abundance at the 640 m scale, but the +)#!
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sign of the relationship varied among aphid genera (Table 5). On the other hand, natural +)$!

enemies were strongest associated with most land cover types at scales of 80 m or smaller +)%!

(Table 5). Open areas had positive associations with parasitoids and negative associations +)&!

with Coccinelids at the 10 and 20 m scales (Table 5). Coccinelids were positively +)'!

associated with woody vegetation and 40 m as were Syrphids at 40 and 80 m. By contrast, +)(!

associations with water bodies were only apparent at the 640 and 1250 m. These were ++*!

positive for the parasitoids and Coccinelids, but negative for Syrphids. Infrastructure cover ++)!

had no apparent influence on natural enemies (Table 5). +++!

 ++"!

Discussion ++#!

Earlier works had found negative effects of urbanization on natural enemies [31, ++$!

67], in particular on parasitoid wasps [28]. By constrast, we found potential for regulation ++%!

of aphid populations through biological control at most of the urban and periurban gardens ++&!

sampled. Site groups ONE, TWO (both mixes of urban and periurban sites) and THREE ++'!

(periurban sites) had relatively abundant popululations of natural enemies, with relatively ++(!

low (group ONE) to moderate (groups TWO and THREE) aphid abundance (Fig. 3). Only +"*!

group FOUR sites (all surrounded by cement) had abundant aphids and few natural +")!

enemies.  +"+!

Studies in rural settings demonstrate that both aphids and their potencial natural +""!

enemies respond positively to complexity in vegetation cover in landscapes surrounding +"#!

fields [35, 38]. In our study, populations of aphids and their natural enemies were +"$!

associated with several land cover classes at several spatial scales, but these relationships +"%!

were both positive and negative (tables 4 and 5), Aphid abundance was most strongly +"&!

related to land cover at the largest scales of land cover analysis, a finding congruent with +"'!
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earlier studies that have found landscape influences on aphid density at scales of one to +"(!

three [69] and one to six km [30]. This pattern may be a product of aphids capacity for +#*!

dispersal on wind currents over distances of several km [69, 70] and for rapid reproduction +#)!

following colonization [44, 45]. However these relationships may also be to some extent +#+!

artifacts of our sampling scheme, given that for the urban sites, agricultural and forested +#"!

areas were located at greater distances.  +##!

Natural enemies responded most to land cover at local to intermediate scales [19, +#$!

21]. This may be because predators and parasitoids often require more then one type of +#%!

habitat over the course of their lifetimes [71, 72]. However a previous study of aphid +#&!

parasitoides found the strongest response at the 1 to 2 km scale [69].  +#'!

Aphids seemed capable of colonizing anywhere in the urban-periurban landscape. +#(!

Several generalist aphid genera (Aphis, Dysaphis, Myzus, and Metopolopium) were +$*!

positively associated with the infrastructure cover class at the 640 m scale (Table 5), +$)!

demonstrating their capacity to thrive in urban settings. Aphis sp. - the genus most found +$+!

most frequently in our traps - and Myzus sp. are of particular importance as potential pests +$"!

because of their role as vectors of plant virues [73]. However the abundance of the root +$#!

aphids Geopemphigus and Tetraneura was negatively associated with urban infrastructure, +$$!

and in the coinertia analysis (Table 5), these genera were closely associated with the +$%!

periurban sites. An enigmatic finding of the coinertia analysis was the contrast in aphid +$&!

communities between site groups ONE and TWO, both mixes of urban and periurban sites. +$'!

Group TWO coincided in the coinertia diagram with both aphids, while group ONE fell on +$(!

the other side of the principal axis, and was not associated with any aphid genera. This +%*!

difference may be largely explained by the availability of host plants, a topic for further +%)!

study. Aphids taxa were positively associated with woody and herbaceous vegetation, open +%+!
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areas, and water bodies at the largest scale of analysis. Some were also positively +%"!

associated with herbaceous vegetation at intermediate scales. +%#!

By contrast, natural enemy populations, Syrphids and Coccinelids in particular, +%$!

were most strongly associated with tree cover at 40 and 80 m (Table 5). Coinertia analysis +%%!

(Fig. 6) suggested that tree and shrub cover at the site scale is also important. Periurban +%&!

sites were most closely associated with Coccinelids and parasitoids. Trees and shrubs +%'!

provide shelter and alternative food resources for insects at high trophic levels [17, 18, 36]. +%(!

In rural areas, herbivores and their natural enemies move among cultivated and +&*!

uncultivated areas [37, 38], and this also appears to be true in San Cristóbal de Las Casas. +&)!

Patches of woody vegetation around the city likely harbor natural enemies and allow them +&+!

to disperse to periurban gardens such as those in group THREE, where both aphids and +&"!

their enemies were abundant (Fig. 4). However groups ONE and TWO, which included +&#!

several sites in the city center, also had relatively high abundance and diversity of natural +&$!

enemies (Fig. 4). Trees in parks and gardens may harbor these insects. +&%!

Open areas seemed to favor parasitoids at the most local scales (Table 5), perhaps +&&!

because these areas also host nectariferous herbs and shrubs. Earlier studies demonstrate +&'!

that generalist predators use areas of woody and weedy vegetation and vacant lots as +&(!

corredors and foraging areas [18, 74]. In rural settings, herbaceous vegetation surrounding +'*!

fields helps maintain Coccinelid populations [37, 38]. However we found that Coccinelids +')!

were negatively associated with both the open areas and herbaceous vegetation cover +'+!

classes at the smallest scales of analysis (Table 4). Syrphids, by contrast, were positively +'"!

associated with herbaceous cover at 20 m. +'#!

Coinertia analysis identified several plant taxa that were associated with natural +'$!

enemy abundance. (Fig.6).  These included common medicinal and kitchen herbs such as +'%!
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epazote (Dysphania ambrosioides (L.) Mosyakin & Clemants) and rue (Ruta graveolons +'&!

L.), vegetables such as potato (Solanum tuberosum L.) and radish (Raphanus sativus L.), +''!

and ornamentals such as spider plant (Chlorophytum comosum (Thunb.) Jacques), +'(!

Pachystachys lutea Nees, and poppy (Papaver sp.). The efficacy of these species for +(*!

enhancing urban biological control may be a fruitful avenue for further research. +()!

We also suggest that future studies use techniques similar to ours to explore the response of +(+!

other groups of natural enemies, including birds, bats, spiders and other insects to urban +("!

environment. Studies directly documenting the function of these taxa in urban biological +(#!

control will also be valuable. +($!

Conclusion +(%!

Our findings are mostly good news for the viability of ecologically based urban food +(&!

production and its potential contribution to food security in medium-sized cities like San +('!

Cristóbal. Urban infrastructure even seems to protect plants from root aphids. Most other +((!

aphid genera thrive in the city, but so do their natural enemies. Coccinelids and parasitoid "**!

wasps are present in the San Cristóbal, but are associated with woody vegetation and "*)!

periurban sites. Rooftop and other gardens that are surrounded by cement host few natural "*+!

enemies and are particularly vulnerable to pest outbreaks. In larger cities without sufficient "*"!

tree cover, parasitoids and Coccinelids are likely to decline, leaving urban agroecosystems "*#!

more vulnerable. Conservation biological control could be enhanced by increasing tree "*$!

cover in gardens and parks, with positive effects experienced most strongly within 80 m. "*%!

Increasing herbaceous cover may foster Syrphid populations at more local scales. These "*&!

findings lend support to a “land-sharing” approach to urban planning [75], in which "*'!

biodiversity-friendly areas are distributed throughout the city rather than concentrated in a "*(!

few larger parks. ")*!
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Tables 

Table 1. Descriptive data for sampling sites. Groups are those identified by DCA. Diversity 
data are Shannon indices based upon the narrowest taxomic level identified for each 
category of organisms. 
 
Site Group Vegetation 

diversity 
Aphid 
diversity 

 Natural 
enemy 
diversity 

Vegetation 
layers* 

Garden 
type** 

Location 
*** 

T S H HC AC P 
Lucy 1 3.25 2.31 1.17 X ! X B ! ! X 
Rocío 1 X ! X B ! ! X 
Bety 1 X X X B X ! !

Virginia 1 X X X P ! X !

Miguel 1 X X X B X ! !

Antonio 1 X X X P ! X !

Gaby 2 3.13 2.35 1.27 X X X B ! ! X 
Miriam 2 X X X B X ! !

Casa_árbol 2 X X X B X ! !

Lily 2 X X X B X X !

Liz 2 X X X B X X !

Parador 2 X X X P ! X !

Pierre 2 X X X B X ! !

Albarrada 3 3.15 2.09 1.29 X X X P ! ! X 
Helda 3 X X X B ! ! X 
Martin 3 X X X P ! X X 
Casa_pan 4 2.64 2.08 0.92 ! X X R X ! !

Cris 4 ! X X P X ! !

Cuper 4 ! X X R ! X !

 

*Vegetation layers: T: tree., S: shrub, H: herbaceous. ** Garden types: B: backyard garden, 
P: patio surrounded by buildings and pavement, R: rooftop garden. ***Location: HC: 
Historic city center; AC: Outside the historic center but within or near the beltway; P: 
Recently developed periurban areas outside the beltway. Sites with two designations are in 
transitional areas. 
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Table 2. Plants significantly associated with aphids and natural enemies 
 

Species* 
Abbreviation 

Growth form Aphid host** 
Relationship identified 
by CIA 
Aphids Natural 

Enemies  

Agave sp. Aga_sp succulent  host  x  

Amaranthus sp. Ama_sp herbaceous host  x 

Arecaceae sp. Are_sp palm host x  

Beaucarnea recurvata Bea_rec tree host x  

Capsicum pubescens Cap_pub shrub host  x 

Chlorophytum comosum Chl_com herbaceous host x  

Citrus limon Cit_lim tree host  x 

Cyperus papyrus Cyp_pap herbaceous host  x 

Dysphania ambrosioides Dys_amb shrub 
 

x  

Eriobotrya japonica Eri_jap tree host x x 

Foeniculum vulgare Foe_vul shrub host  x 

Hibiscus sp. Hib_sp shrub host  x 

Lactuca sativa Lac_sat herbaceous host x x 

Malus sp. Mal_sp tree host  x 

Origanum vulgare Ori_vul shrub  ! x 

Pachystachys lutea Pac_lut shrub   x 

Papaver sp. Pap_sp herbaceous host x x 

Phaseolus sp. Pha_sp herbaceous host x  

Physalis philadelphica Phy_phi 
shrub 

  x 

Pinus sp. Pin_sp tree host x  

Raphanus sativus Rap_sat herbaceous host  x 

Rosmarinus officinalis Ros_off shrub   x 

Rubus ulmifolius Rub_ulm shrub  x  

Ruta graveolens Rut_gra shrub host x  

Sambucus nigra Sam_nig tree   x 

Sinapis alba Sin_alb herbaceous host  x 

Solanum tuberosum Sol_tub herbaceous host x  

Taraxacum officinale Tar_off herbaceous host x  

Taxodium huegelii Tax_hue tree  x x 

Xanthosoma sagittifolium Xan_sag herbaceous host x  

 
*Plant scientific names were cross checked with www.theplantlist.org, maintained by the Royal 
Botanical Garden and the Missouri Botanical Garden. 
**Host plants are those identified in Anderson P., Voegtlin, D., Villalobos, W., Rivera, C. available in: 
http://www.biologiatropical.ucr.ac.cr/attachments/suppls/sup51-2%20Afidos/Plantas%20hospederas.pdf and 
Vilca and Vergara 2011 [76].  
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Table 3. Mean abundance of insects collected for each group of sites identified by DCA. 
 

 
ONE TWO THREE FOUR 

Aphids 
Aphis 23 72 110 224 
Brevicoryne 21 64 137 202 
Dysaphis 6 35 25 60 
Geopemphigus 4 24 150 20 
Hyperomyzus 12 53 41 77 
Macrosiphum 1 3 4 5 
Metopolophium 1 1 1 1 
Microparsus 3 3 26 13 
Myzus 3 23 8 53 
Nasonovia 5 29 14 10 
Rhopalosiphum 7 10 9 44 
Tetraneura 4 52 110 10 
Uroleucon 4 13 7 41 
Utamphorophora 5 19 16 16 
Wahigreniella 2 7 6 14 
Parasitoid Wasp 
Braconidae 51 37 46 10 
Chalcidoidae 102 100 103 34 
Ichneumonidae 23 28 30 5 
Predators 
Coccinelidae 6 22 5 0 
Syrphidae 7 5 23 1 
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Table 4. AICmod for models with best fit at each scale of spatial analysis. Only cover 
classes identified by the models are reported. Sign indicates positive (+), negative (-), or 
mixed (M) relationships with insect taxa as detailed in Table 4. 
 
Scale in 
radii 

Natural 
Enemies 

Aphid Natural Enemies Aphids 

AICmod  effect cover type Alpha 
value 

effect Cover type Alpha 
value 

10 m 24.45 56.96 M Open areas p<0.01 M Infrastructure p<0.15 

   + Herbaceous vegetation p<0.16    

20 m 24.1 57.28 M Open areas p<0.025 M Herbaceous 
vegetation 

p<0.19 

   M Herbaceous vegetation p<0.055    

40 m 27.26 56.71 + Woody vegetation p<0.18 M Herbaceous 
vegetation 

p<0.0.85 

80 m 25.88 *** + Woody vegetation p<0.035  ***  

160 m *** 53.21  ***  + Herbaceous 
vegetation 

p<0.01 

      M Open areas p<0.01 

      + Water bodies p<0.27 

320 m *** 52.64  ***  + Herbaceous 
vegetation 

p<0.01 

      + Water bodies p<0.03 

640 m 25.29 56.1 M Open areas p<0.14 M Infrastrcuture p<0.03 

   + Water bodies p<0.19    

1250 m 27.11 54.05 M Water bodies p<0.14 + Woody vegetation p<0.010 

      + Open areas p<0.25 

      + Herbaceous 
vegetation 

p<0.010 

      + Water bodies p<0.005 

*** No significant 
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Figures 

 

Figure 1. Land cover classification for San Cristóbal de Las Casas, Chiapas. Black dots 

indicate garden study sites. 
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Figure 2. Example of circular landscape sectors (10, 20, 40, 80, 160, 320, 640, and 1250 m 

radii) for land cover analysis around a sampling site. 



! "%!

 

Figure 3. Detrended correspondence analysis of insect communities with site groupings: 

group 1(o) consisting of seven sites spread across the city; group 2 (Δ), with six sites 

spread across the city; group 3 (+) with three periurban sites; and group 4 (!) with two roof 

garden and one garden in a cement patio.  
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K:9-D57-!35-9=2/,5!A/)9A1A!/23!A929A1A!8/+15-6!(76!<:575 the difference between 

the minimum value and the first quartile or the maximum value and the third quartile 

exceeds 1.5*IQR, then the whisker extends to the smallest or largest value within 1.5*IQR. 

Data outside these limits are indicated by points.   
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Figure 5. Conertia Analisis for vegetation (a), aphid (b) and site groups (c). Visual analysis 

of the coinertia plots suggests association between site group ONE and the plants 

Arecaceae sp., Pinus sp., and Chrlophytum comosum but no association with aphids. Site 

groups TWO and THREE was associated with the aphids Tetraneura sp., Geopemphigus 

sp., Utamphorophora sp., Hyperomyzus sp., Nasonovia sp., and Uroleucon, and the plants 

Taxodium huegelii, Eriobotrya japónica, Papaver sp., Ruta graveolens, Dysphania 

ambrosioides, Xanthosoma sagittifolium, and Solanum tuberosum. Abbreviations for plant 

taxa are listed in Table 2 and those for insects in Appendix 2. 
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Figure 6. Coinertia análisis for vegetation (a), natural enemies (b) and site groups (c). 

Visual analysis of the coinertia plots suggests association between site groups ONE and 

FOUR and shrubs (Hibiscus sp, Pachystachys lutea, Capsicum pubescens) but no 

association with naturale enemies. Site group TWO was associates with natural enemies 

(Braconidae, Ichneumonidae y Coccinellidae), and the plants (Taxodium huegelii, 

Foeniculum vulgare, Papaver sp., Cyperus papyrus, Rosmarinus officinalis, Prunus 

persica, Sinapis alba, Sambucus nigra, Lactuca sativa). Site group THREE, Syrphidae was 

associated with tres and shrubs (Eriobotrya japonica, Malus sp., Physalis philadelphica, 

Citrus limon, Raphanus sativus, Origanum vulgare). Abbreviations for plant taxa are listed 

in Table 2 and those for insects in Appendix 2. 
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Supporting information 

 

Appendix 1. Plants identified in garden sites. Abundance is the total number of individuals 

found across all 19 sites. 

 

Plants Abrevviature Abundance 

Agapanthus africanus Aga_afr 9 

Agave sp. Agav_sp 48 

Allium cepa All_cep 124 

Allium sativum All_sat 7 

Alnus sp. Aln_sp 1 

Aloe vera Alo_ver 42 

Amaranthus hybridus Ama_hyb 183 

Amaranthus sp. Ama_sp 12 

Apium graveolens Api_gra 9 

Arecaceae Are_sp 18 

Artemisia absinthium Art_abs 16 

Artemisia ludoviciana Art_lud 16 

Arundo sp. Aru_sp 1 

Beaucarnea recurvata Bea_rec 3 

Beta vulgaris var. Cicla Bet_vul 166 

Bougainvillea glabra Bou_gla 8 

Brassica oleracea var. Italica Bra_ole 18 

Brassica oleracea var. Viridis Bra_ole_v 137 

Brugmansia arborea Bru_arb 10 

Cactaceae sp. Cact_sp 6 

Calendula officinalis Cal_off 19 

Canna indica Can_ind 91 

Capsicum pubescens Cap_pub 2 

Capsicum sp. Caps_sp 3 

Chamaemelum nobile Cha_nob 18 

Chlorophytum comosum Chl_com 11 

Cichorium intybus Cic_inty 66 

Citrus limon  Cit_lim  13 

Citrus sinensis Cit_sin 1 

Cnidoscolus chayamansa Cni_cha 5 

Coffea arabica Cof_ara 6 

Coriandrum sativum Cor_sat 59 

Crasulaceae  Cras_sp 4 

Crataegus pubescens Crat_pub 3 

Crataegus sp Cra_sp 7 

Cucurbita ficifolia Cuc_fic 11 

Cucurbita sp. Cuc_sp 9 
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Cupressus sp. Cup_sp 9 

Cydonia oblonga  Cyd_obl  5 

Cymbopogon citratus Cym_cit 11 

Cyperus papyrus Cyp_pap 8 

Daucus carota Dau_car 45 

Dianthus caryophyllus Dia_car 4 

Dysphania ambrosioides Dys_amb 40 

Eichhornia sp Eich_sp 7 

Equisetum arvense Equ_arv 2 

Eriobotrya japonica Eri_jap 7 

Eruca sativa Eru_sat 61 

Erythrina americana Miller Ery_ame 17 

Ficus carica Fic_car 15 

Foeniculum vulgare Foe_vul 28 

Fragaria vesca Frag_ves 44 

Geranium sp. Ger_sp 7 

Hibiscus sp. Hib_sp 7 

Hylocereus sp. Hyl_sp 2 

Impatiens walleriana Imp_wal 1 

Jacaranda mimosifolia Jac_mim 2 

Jasminum sp. Jas_sp 1 

Lactuca sativa Lac_sat 558 

Leucaena leucocephala Leu_leu 2 

Ligustrum vulgare Lig_vul 22 

Lilium sp.  Lil_spp  116 

Magnolia sp. Magn_sp 5 

Malus sp.  Mal_sp  21 

Mangifera Man_sp 4 

Menta sativa Men_sat 25 

Monstera deliciosa  Mon_del 4 

Musaceae Mus_sp 1 

Nicotiana tabacum Nic_tab 6 

Ocimum basilicum Oci_bas 2 

Oenothera rosea Oen_ros 117 

Opuntia sp. Opun_sp  112 

Oreopanax sp. Oreo_sp 2 

Origanum vulgare Ori_vul 17 

Pachystachys lutea Pac_lut 2 

Papaver sp.  Pap_sp 10 

Passiflora edulis Pas_edu 3 

Passiflora sp. Pas_sp 3 

Persea americana Per_amer 32 

Petroselinum crispum Petr_cri 19 
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Phaseolus sp. Phas_sp 10 

Phaseolus vulgaris  Pha_vul 8 

Phyllostachys aurea Phy_aur 11 

Physalis philadelphica Phy_phy 35 

Pinus sp. Pin_sp 8 

Piper auritum Pip_aur 31 

Podocarpus matudae Lundell Pod_mat 45 

Portulaca oleracea Por_ole 16 

Prunus cerasifera Pru_cer 2 

Prunus domistica Pru_dom 2 

Prunus persica Pru_per 8 

Prunus virginiana Pru_vir 14 

Psidium sp. Psid_sp 1 

Pteridophyta Pte_sp 4 

Punica granatum Pun_gra 1 

Pyrus malus Pyr_mal 39 

Raphanus sativus Rap_sat 277 

Rheum rhabarbarum Rhe_rha 108 

Rosa sp. Ros_sp 73 

Rosmarinus officinalis Ros_off 13 

Rubus idaeus Rub_ida 7 

Rubus ulmifolius Rub_ulm 10 

Rumex sp. Rum_sp 60 

Ruta graveolens Rut_gra 13 

Salvia hispanica Sal_hisp 12 

Sambucus nigra Sam_nig 5 

Sechium edule Sec_edu 8 

Senecio sp. Sen_sp 1 

Sinapis alba Sin_alb 100 

Solanum lycopersicum Sol_lyc 4 

Solanum tuberosum Sol_tub 101 

Tagetes erecta Tag_ere 6 

Taraxacum officinale Tar_off 74 

Taxodium huegelii Tax_hue 9 

Vicia faba Vic_fab 10 

Xanthosoma sagittifolium Xan_sag 18 

Zantedeschia aethiopica Zan_aet 6 

Zea mays Zea_may 132 
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Appendix 2.  

 

Insects Abbreviature Abundance 

Aphids 

Aphis Ap 1595 

Brevicoryne Br 1542 

Hyperomyzus Hy 751 

Myzus My 339 

Wahigreniella Wa 115 

Geopemphigus Ge 680 

Dysaphis Dy 507 

Uroleucon Ur 248 

Nasonovia Na 281 

Rhopalosiphum Rh 266 

Utamphorophora Ut 246 

Macrosiphum Ma 55 

Tetraneura Te 696 

Metopolophium Me 15 

Microparsus Mi 155 

Parasitoids wasp 

Chalcidoidae Cha 1727 

Braconidae Bra 747 

Ichneumonidae Ich 432 

Predators 

Syrphidae Syr 145 

Coccinelidae Coc 193 
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