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PRESENTACIÓN 
 

Los cambios en los entornos naturales derivados del establecimiento de las ciudades pueden 

generar diferentes tipos de respuestas en los grupos biológicos que allí habitan. Existen 

grupos biológicos extremadamente sensibles a las nuevas condiciones derivadas de la 

urbanización, mientras que otros han resultado ser muy resistentes a estas nuevas 

condiciones. 

En este contexto, y considerando que las libélulas y caballitos del diablo (Insecta: 

Odonata) son un grupo que se encuentra tanto en ecosistemas urbanos como en ecosistemas 

no urbanos, la intención de este trabajo fue responder dos preguntas: 

1. ¿Cómo responden las comunidades de odonatos ante las presiones ejercidas 

por la urbanización en el Centro de México?   

2. ¿Qué características permiten que las especies que permanecen en las ciudades 

se adapten a estos nuevos entornos?   

En el capítulo 1 se aborda la primera pregunta en un gradiente de urbanización  en el 

estado de Morelos, ubicado en el centro de México. En el capítulo 2 se compara la condición 

fisiológica (medida por medio de reservas energéticas y la masa corporal) en individuos de 

dos especies (Hetaerina americana y H. vulnerata) que fueron encontradas en sitios con 

diferentes niveles de urbanización dentro del mismo gradiente definido para resolver la 

primera pregunta. En el capítulo 3 se evalúan las conductas de especies que se encuentran en 

un gradiente de urbanización en Belém, la segunda ciudad más poblada de la Amazonía 

brasileña. Posteriormente, en el capítulo 4, se hace una revisión bibliográfica de los diferentes 

estudios realizados hasta la fecha sobre la influencia de la urbanización en odonatos, con el 
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fin de identificar los caracteres que permiten a las especies resistir la urbanización. De esta 

forma, los capítulos 2, 3 y 4 responden la segunda pregunta al identificar rasgos fisiológicos, 

morfológicos y conductuales que han permitido a las especies de libélulas y caballitos del 

diablo sobrevivir y permanecer en las ciudades. Además, se presenta una introducción y una 

discusión generales que abarcan lo encontrado en cada uno de los capítulos y proponen 

futuras direcciones para este tipo de estudios.  

Finalmente, se incluyen dos apéndices. El apéndice 1 es una revisión que se realizó con el 

fin de entender la función de la coloración en los odonatos, tras detectar que este fue un rasgo 

importante para sobrevivir en entornos urbanos. En el apéndice 2 se presenta una revisión 

que se realizó con fines divulgativos sobre cómo los diferentes grupos de insectos se han 

adaptado a la vida en las ciudades.  
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RESUMEN 
 

Como cualquier otro ecosistema, la ciudad puede presentar condiciones adversas para 

algunas especies, pero favorables para otras. Los cambios en la estructura física, así como 

cambios asociados a factores sociales y económicos inherentes al desarrollo de las ciudades, 

pueden afectar de diferentes maneras a las comunidades biológicas y a los individuos de las 

especies que enfrentan la urbanización. En el presente trabajo se evaluó cómo un gradiente 

de urbanización (definido mediante un índice de integridad de hábitat) afecta a las 

comunidades de libélulas (Odonata: Anisoptera) y caballitos del diablo (Odonata: Zygoptera) 

en el centro de México. Además, se estudiaron cambios a nivel individual en aspectos como 

la condición energética y la conducta a lo largo de gradientes de urbanización en México y 

Brasil, y se identificaron algunos rasgos que pudieran estar favoreciendo la permanencia de 

ciertas especies en entornos urbanos. A nivel de comunidades, se encontró que la riqueza y 

abundancia de caballitos del diablo disminuyeron a medida que aumentó la urbanización, 

mientras que no se detectaron cambios ni en la riqueza ni en la abundancia de libélulas. 

Tampoco se encontró una relación de la condición energética con el gradiente de 

urbanización, es decir, las reservas energéticas en individuos que habitan sitios más 

urbanizados fueron similares a las de los individuos que habitan sitios menos urbanizados. A 

nivel conductual, se encontró que, dentro de las diferentes conductas observadas, solo hubo 

diferencias en la conducta de forrajeo: los individuos fueron más eficientes en la captura de 

presas en los lugares más urbanizados. Finalmente, se encontró que, a nivel mundial, de las 

6,400 especies de odonatos descritas hasta el momento, 88 especies han sido registradas 

como tolerantes a la urbanización, mientras que 87 se han identificado como sensibles a los 

entornos urbanos. En cuanto a las características que favorecen la vida en las ciudades, se 
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identificó que especies con tamaños pequeños, un mayor grado de dimorfismo sexual y 

coloraciones amarillas y rojas tienden a tolerar mejor las ciudades. 
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ABSTRACT 
 

Like any other ecosystem, the city can present adverse conditions for some species, but 

favorable ones for others. Changes in the physical structure, as well as changes associated 

with social and economic factors inherent to the development of cities, can affect biological 

communities and individuals of species facing urbanization in different ways. In this work, 

we evaluated how an urbanization gradient (defined by means of a habitat integrity index) 

affects the communities of dragonflies (Odonata: Anisoptera) and damselflies (Odonata: 

Zygoptera) in central Mexico. In addition, changes at the individual level in aspects such as 

energy condition and behavior along urbanization gradients in Mexico and Brazil were 

studied, and some traits that could be favoring the permanence of certain species in urban 

environments were identified. At the community level, damselfly richness and abundance 

were found to decline as urbanization increased, while neither dragonfly richness nor 

abundance changed. Regarding the energy condition, no relationship was found with the 

urbanization gradient, that is, the energy reserves in individuals who inhabit more urbanized 

sites were similar to those of individuals who inhabit less urbanized sites. At the behavioral 

level, it was found that, within the different behaviors observed, there were only differences 

in foraging behavior. In this regard, individuals were more efficient in capturing prey in more 

urbanized locations. Finally, it was found that, worldwide, of the 6,400 species of odonates 

described so far, 88 species have been recorded as tolerant to urbanization, while 87 species 

have been identified as sensitive to urban environments. Regarding the traits that favor life 

in cities, it was identified that species with small sizes, a greater degree of sexual dimorphism 

and yellow to red colorations tend to tolerate cities better. 
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INTRODUCCIÓN GENERAL 
 

La ciudad entendida como una amenaza a la biodiversidad 
 

La extensa e intensa actividad humana desde tiempos prehistóricos ha generado cambios 

ecológicos sin precedentes en la historia del planeta a un ritmo acelerado (Kareiva et al. 

2007). Desde el cambio de la vida nómada a la vida sedentaria, el impacto del ser humano 

sobre los ecosistemas naturales ha aumentado considerablemente. Este impacto ha pasado 

del ritmo de los agricultores y ganaderos que comenzaron a usar los recursos de su entorno 

más inmediato, al ritmo de la rueda y las máquinas creadas en la Revolución Industrial que 

no sólo permitieron la explotación de recursos en lugares cada vez más lejanos, sino que 

aumentaron las tasas de uso de estos recursos, que hoy en día ya no alcanzan a regenerarse 

para suplir las necesidades de poblaciones humanas cuyos tamaños se incrementan de manera 

sostenida. La Revolución Industrial, en conjunto con el desarrollo de las vacunas, generaron 

también un aumento en la esperanza de vida del ser humano e incentivaron la concentración 

de los seres humanos en centros de desarrollo: las ciudades (Hirschman y Mogford 2009).  

Desde entonces, la urbanización ha sido considerada como una de las más grandes 

transformaciones sociales, pero también como la mayor amenaza a la biodiversidad a escala 

mundial (Beninde et al. 2015). La urbanización puede definirse como el reemplazo final de 

todos los elementos naturales como el suelo, el sistema hidrológico, la vegetación y la fauna, 

por elementos artificiales, como carreteras, redes de alcantarillado, alumbrado artificial y 

construcciones con fines de asentamiento y desarrollo económico (Dansereau 1957; 

Güneralp and Seto 2013). Las ciudades se distinguen de otros asentamientos humanos por su 

mayor tamaño, densidad poblacional, la presencia de infraestructura especializada y una 
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mayor actividad económica e industrial (Grimm et al. 2008). Por otra parte, algunos autores 

han considerado a la ciudad como un “ecosistema domesticado”, ya que ha sido modificado 

por la especie humana para su bienestar en busca de una productividad mejorada, un 

comercio conveniente y protección contra depredadores o fenómenos naturales (Kareiva et 

al. 2007).  

Actualmente, cerca de 3% de la superficie del planeta presenta algún grado de 

urbanización (Alberti et al. 2017), y más de la mitad de la población humana vive en ciudades 

(United Nations 2014). Las regiones más urbanizadas incluyen América del Norte, América 

Latina y Europa, con 82%, 80% y 73% de la población viviendo en áreas urbanas, 

respectivamente; mientras que África y Asia siguen siendo en su mayoría rurales, con 40% 

y 48% de sus respectivas poblaciones viviendo en áreas urbanas (United Nations 2014). 

Según el tipo de desarrollo que presenten, las ciudades pueden clasificarse en cuatro 

categorías: 1) de bajo crecimiento; 2) de alto crecimiento con un desarrollo rápido y 

fragmentado; 3) de crecimiento expansivo, con gran dispersión y bajas densidades 

poblacionales; 4) de crecimiento frenético, con tasas extraordinarias de conversión de uso de 

suelo y con altas densidades de población (Schneider y Woodcock 2008). Cada tipo de 

crecimiento tiene un impacto diferente sobre los ecosistemas y afecta en mayor o menor 

medida a cada uno de los grupos biológicos presentes en el territorio de cada ciudad.  

La ciudad entendida como un ecosistema 
 

La ecología urbana se define como el estudio de la estructura, la dinámica y los procesos en 

los sistemas ecológicos urbanos; esta disciplina surgió en 1920 y reconoce ecosistemas 

urbanos específicos como parte del sistema biogeoquímico, económico y demográfico 

humano global (Pickett y Cadenasso 2012). La mayoría de los estudios realizados desde la 
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perspectiva de la ecología urbana han utilizado índices de urbanización que incluyen 

variables como el porcentaje de superficie impermeable (p. ej., pavimento o cemento), los 

contaminantes presentes en el agua o el aire, y la cantidad y calidad de zonas verdes, así como 

la conectividad entre ellas (Di Mauro et al. 2007; Tüzün et al. 2015; Shahtahmassebi et al. 

2016). Estas variables pueden ser medidas a diferentes escalas espaciales, y de esta forma 

pueden brindar diferente tipo de información respecto a las comunidades biológicas. A escala 

local, las variables pueden indicar la idoneidad del hábitat (en términos de supervivencia de 

los individuos de las diferentes especies), mientras que a escala de paisaje pueden dar 

información sobre la permeabilidad del paisaje circundante para la dispersión de las especies 

(Beninde et al. 2015).  

Más allá de los cambios en la estructura física, existen factores sociales y económicos 

inherentes al desarrollo de las ciudades que también afectan a las comunidades biológicas 

citadinas, tales como la edad, el tamaño, la densidad de población humana, el tráfico 

(vehicular y peatonal) y las actividades económicas o industriales típicas de cada ciudad 

(Pickett y Cadenasso 2012). Adicionalmente, las ciudades pueden estar compuestas por 

parches de hábitats heterogéneos, lo que dificulta la definición de gradientes continuos entre 

lo urbano y lo rural para la evaluación de cambios en la biodiversidad (McDonnell y Pickett 

1990; Güneralp y Seto 2013).  

Como cualquier otro ecosistema, la ciudad puede presentar condiciones adversas para 

algunas especies, pero favorables para otras (Szulkin 2020). En las ciudades, se modifican 

los parámetros estructurales y ambientales, como la temperatura, el ciclo hidrológico y los 

niveles de contaminación (lumínica, sonora y/o química), y aumentan aspectos como la 

fragmentación de los hábitats y la incidencia de especies invasoras (Kareiva et al. 2007; 
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Alberti et al. 2017; Johnson y Munshi-South 2017).  Bajo estas nuevas condiciones 

ambientales, las especies que habitaban un sitio antes de ser urbanizado pueden: 1) persistir 

en el lugar transformado gracias a preadaptaciones, respuestas plásticas o procesos de 

adaptación al nuevo entorno (Johnson y Munshi-South 2017; Isaksson y Bonier 2020); 2) 

desplazarse en busca de hábitats que se ajusten mejor a sus requerimientos particulares 

(Prescott y Eason 2018) o 3) extinguirse (Fattorini, 2011; Benson et al., 2019). El mecanismo 

mediante el cual cada especie responda a la urbanización puede generar cambios detectables 

a diferentes niveles de organización biológica: comunidad, población o individuo. 

Dentro de las ciudades, las especies se reorganizan en comunidades novedosas, 

diferenciándose de las comunidades originales (Grimm et al. 2008). Esto se ha registrado 

para plantas (Cao y Natuhara 2020), vertebrados (Chace y Walsh 2006; Devictor et al. 2007) 

y artrópodos (McIntyre et al. 2001; Kietzka et al. 2018; Chatelain et al. 2023) en diferentes 

partes del mundo. En términos generales, dentro de las ciudades son favorecidas especies de 

animales oportunistas (en dieta y hábitat), con ciclos de vida cortos, multivoltinos, con alta 

capacidad de dispersión, resistentes a la contaminación, con sistemas respiratorios altamente 

eficientes en ambientes hipóxicos y con la capacidad de cambiar rápidamente sus rasgos 

fisiológicos y/o conductuales (Ball-Damerow et al. 2014; Tchakonté et al. 2015). 

Adicionalmente, y debido a que la huella urbana se extiende mucho más allá de los límites 

políticos, la urbanización también puede reducir la diversidad de especies nativas a escala 

regional y global (Grimm et al. 2008). 

A nivel poblacional, algunos estudios en aves, mamíferos e insectos han encontrado 

cambios en la estructura genética entre poblaciones que habitan ambientes urbanos y no 

urbanos, siendo menos variables las poblaciones urbanas (Slabbekoorn y Peet 2003; 
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MacDougall-Shackleton et al. 2011; Dalla-Bona et al. 2012; Harris et al. 2013). Por otro 

lado, a nivel individual se ha visto que diversos rasgos morfológicos, fisiológicos o 

conductuales de organismos urbanos presentan diferencias frente a organismos de la misma 

especie que habitan zonas no urbanizadas (Shochat et al. 2006; Langerhans y Kern 2020; 

Resende et al. 2021). Por ejemplo, la condición fisiológica de los individuos reflejada en 

rasgos como el tamaño corporal o el presupuesto energético (Salomão et al. 2020), así como 

la conducta de los individuos (Elango et al. 2021) son rasgos indicadores de cómo les va a 

los individuos en entornos urbanos.  

 

Agua y odonatos como parte del ecosistema urbano  
 

Las ciudades se han establecido históricamente alrededor del agua, un recurso fundamental 

para la producción de alimentos, el transporte, el comercio e incluso la recreación de la 

especie humana (Kummu et al. 2011). No es coincidencia entonces, que encontremos cuerpos 

de agua dentro y alrededor de los centros urbanos. Sin embargo, el aumento de la demanda 

de agua para las actividades humanas afecta su calidad y disponibilidad, y comienza a 

representar una amenaza para la biodiversidad acuática (Martins et al. 2021). 

La urbanización modifica sustancialmente las condiciones geomorfológicas, 

hidrológicas y biogeoquímicas de los ecosistemas de agua dulce (Langerhans y Kern 2020). 

Las descargas de aguas residuales causan alteraciones importantes relacionadas con las 

grandes cantidades de materia orgánica, nutrientes y contaminantes que ingresan a los 

arroyos (Paul y Meyer 2001; Walteros y Ramírez 2020). Por lo tanto, los arroyos están sujetos 

a la presencia de toxinas, aumentos de temperatura, sedimentación y contaminantes 

orgánicos, así como a la sustitución de la vegetación ribereña nativa por vegetación 
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introducida y concreto (Tchakonté et al. 2015). Todas estas alteraciones pueden actuar de 

forma aislada o en sinergia sobre las diferentes formas de vida presentes en los ecosistemas 

acuáticos urbanos. En insectos se ha registrado, por ejemplo, la reducción en la riqueza 

taxonómica y en la abundancia de taxones más sensibles como Ephemeroptera, Plecoptera y 

Trichoptera, y el aumento de la abundancia de taxones tolerantes, como los dípteros de la 

familia Chironomidae (Langerhans y Kern 2020). 

Los ecosistemas urbanos albergan una diversidad relativamente alta de insectos del 

orden Odonata (Monteiro Júnior et al. 2015; Luke et al. 2017). Los odonatos son 

depredadores voraces y pasan la mayor parte de su ciclo de vida como larvas acuáticas, por 

lo que son un componente importante de la comunidad de macroinvertebrados bentónicos 

(Corbet 1999; Perron y Pick 2020). Su ciclo de vida bifásico vincula los sistemas acuáticos 

y terrestres a través de cascadas tróficas (Knight et al. 2005; May 2019). Por ejemplo, Popova 

et al. (2017) registraron que una gran parte de la productividad acuática se exporta al paisaje 

terrestre circundante a través de la emergencia de odonatos. Tras realizar el seguimiento a 18 

especies durante 31 años, estos autores encontraron que la emergencia de estos insectos 

moviliza entre 0.8 y 4.9 g de biomasa, entre 0.11 y 0.70 g de carbono orgánico (cerca del 

valor más alto de la estimación global para todos los insectos), y entre 1.92 y 11.76 mg de 

ácidos grasos altamente insaturados, que se sabe que son esenciales para muchos animales 

terrestres, especialmente para las aves. Este aporte resulta muy importante para los 

ecosistemas terrestres si se considera que los odonatos son buenos voladores y, por lo tanto, 

pueden contribuir significativamente a la movilización de la productividad acuática. 

Los odonatos requieren de ciertas condiciones fisicoquímicas del agua para la 

supervivencia de sus huevos y larvas, así como de la presencia de vegetación, tanto acuática 
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como terrestre, para propiciar la cópula y oviposición (Corbet 1999). A pesar de la 

generalidad de los hábitos mencionados a nivel de orden, los Anisoptera y los Zygoptera, que 

son los subórdenes que se encuentran en América, presentan marcadas diferencias en el 

tamaño corporal, tamaño y forma de las alas, estrategias de termorregulación, tipo de 

oviposición, capacidad de dispersión y preferencias de hábitat (Corbet 1999; Dutra y De 

Marco 2015). Mientras que las especies de Anisoptera (libélulas) prefieren áreas abiertas y 

soleadas, las especies de Zygoptera (caballitos del diablo) prefieren áreas cerradas, con 

sombra y con mayor heterogeneidad ambiental, y tienen, en promedio, densidades 

poblacionales más altas que los primeros (Samways y Steytler 1996; Corbet 1999; Luke et 

al. 2017). Estas diferencias morfológicas y ecológicas podrían generar una respuesta 

diferente de estos grupos ante presiones relacionadas con la urbanización. 
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CAPÍTULO I. 

Resilient dragons: Exploring Odonata communities in an 

urbanization gradient (Artículo requisito)
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Supplementry material  

Table S1 Characterization of sampling sites 

Site Electric 

conductivity 

(µS/cm) 

Total dissolved 

solids (ppm) 

Dissolved 

oxygen (%) 

Dominant 

plant strata 

Macrophyte 

coverage 

(%) 

Anthropic 

waste (%) 

Mean 

width 

(m) 

Mean depth 

(m)  

pH  Chanel 

type 

Sewage  

discharge 

Mean of 

persons 

walking 

Mean of vehicles 

passing by 

Type of 

constructions 

around 

HU1 168.7 84.7 102.0 Herbaceus 64.7 3.9 1.1 0.3 9.2 Concrete Ocasional 3 2 Households 

HU2 141.3 70.5 127.8 Herbaceus 24.7 4.0 1.3 0.1 9.7 Concrete  Ocasional 10 17 Households/shops 

HU3 274.3 137.2 99.4 Arboreal 0.0 35.7 6.6 0.5 8.2 Mix Ocasional 3 71 Households/shops 

HU4 137.2 68.5 132.5 Herbaceus 42.7 0.0 1.0 0.4 10.2 Concrete Ocasional 7 53 School/ road 

HU5 1324.0 662.3 142.1 Herbaceus 7.7 7.2 17.8 0.5 10.5 Mix Direct 15 8 Households/shops 

HU6 416.2 208.3 115.6 Herbaceus 5.3 14.0 10.2 0.3 10.0 Mix Direct 3 20 Households/ road 

HU7 206.7 103.5 141.5 Arboreal 4.7 9.2 1.9 0.4 9.8 Mix Ocasional 3 53 Shops/road 

HU8 231.7 117.2 110.3 Arboreal 4.0 1.0 3.0 0.3 8.3 Mix Ocasional 8 2 No construction 

HU9 412.5 206.3 139.9 Herbaceus 24.7 4.7 1.1 0.2 8.1 Concrete Ocasional 6 30 Households/ road 

HU10 397.5 198.7 134.0 Arboreal 0.0 8.7 9.8 0.5 9.0 Mix Direct 2 12 Households/ road 

HU11 325.0 162.3 117.0 Arboreal 0.0 29.3 8.9 0.7 8.6 Mix Direct 4 9 Shops/road/Househ

olds 

HU12 384.0 192.2 137.2 Herbaceus 46.7 4.8 1.3 0.1 7.9 Concrete Ocasional 9 13 Households/ road 

LU1 105.0 52.3 140.2 Arboreal 0.0 0.0 2.0 0.4 9.9 Mix Ocasional 5 0 Households 

LU2 1457.8 728.8 118.1 Shrubby 22.3 0.0 12.1 0.6 9.6 Natural No obvious 2 0 Households/shops 

LU3 140.5 70.3 127.8 Arboreal 59.0 0.0 10.0 0.5 10.0 Mix No obvious 8 0 No construction 

LU4 349.8 174.7 140.3 Arboreal 6.0 2.5 9.5 0.6 9.2 Natural No obvious 1 0 Households 

LU5 110.6 55.2 137.1 Arboreal 93.3 0.0 4.0 0.5 10.5 Mix Ocasional 3 1 No construction 

LU6 221.1 110.5 104.5 Arboreal 11.0 0.0 8.0 0.7 7.9 Natural No obvious 8 1 No construction 

LU7 129.8 115.2 99.8 Arboreal 50.3 5.0 9.8 0.7 8.6 Mix No obvious 4 2 No construction 
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Table S2. Abundances of the species in each sampling site  
 

HU1 HU2 HU3 HU4 HU5 HU6 HU7 HU8 HU9 HU10 HU11 HU12 LU1 LU2 LU3 LU4 LU5 LU6 LU7 

ANISOPTERA 
                   

Aeshnidae 
                   

Aeshna williamsoniana Calvert, 1905       0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 

Anax junius (Drury, 1773) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 1 

Remartinia luteipennis (Burmeister, 1839) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 

Rhionaeschna psilus (Calvert, 1947) 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Coryphaeschna adnexa (Hagen, 1861) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Cordulegastridae 
                   

Cordulegaster diadema Selys, 1868   0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 

Gomphidae 
                   

Progomphus clendoni Calvert, 1905 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 

Libellulidae 
                   

Brachymesia furcata  (Hagen, 1861)          0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 5 

Dythemis maya Calvert, 1906 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 

Dythemis nigrescens Calvert, 1899           0 0 0 1 15 1 0 0 5 0 0 0 0 4 0 0 7 0 1 

Erythemis plebeja (Burmeister, 1839)               0 0 0 1 16 1 0 0 0 0 0 0 0 0 0 0 2 8 2 

Erythemis vesiculosa (Fabricius, 1775)  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

Erythrodiplax basifusca (Calvert, 1895) 12 2 0 1 13 20 0 0 5 0 13 0 0 3 0 4 10 39 23 

Libellula croceipennis Selys, 1868 2 0 0 0 8 2 0 0 0 0 3 0 2 13 4 0 3 2 0 

Libellula saturata Uhler, 1857 13 2 0 0 12 6 0 0 0 0 2 0 0 8 5 1 19 29 3 

Macrothemis pseudimitans Calvert, 1898 2 1 0 3 6 2 0 0 14 6 6 0 3 18 21 11 0 0 0 

Micrathyria aequalis  (Hagen, 1861) 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 5 0 1 

Orthemis discolor (Burmeister, 1839) 1 0 2 3 14 30 0 2 0 0 21 0 0 11 0 1 36 2 21 

Orthemis ferruginea (Fabricius, 1775) 0 0 0 0 0 10 0 0 0 0 6 0 0 0 0 0 3 0 0 

Paltothemis lineatipes Karsch, 1890 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 

Pantala flavescens (Fabricius, 1798) 1 0 1 3 4 5 0 0 0 0 0 1 0 1 0 0 1 0 9 

Perithemis intensa Kirby, 1889 0 0 0 0 44 42 0 0 0 0 1 0 0 25 0 0 0 0 9 
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Pseudoleon superbus (Hagen, 1861) 0 0 0 0 8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sympetrum illotum  (Hagen, 1861) 2 0 0 1 0 0 0 0 0 0 0 0 0 0 5 0 0 2 0 

Tramea abdominalis (Rambur, 1842)  0 0 0 1 8 3 0 0 0 0 0 0 0 0 8 0 0 0 7 

ZYGOPTERA 
                   

Calopterygidae 
                   

Hetaerina americana  (Fabricius, 1798) 270 0 0 0 84 2 0 0 176 1 0 10 0 62 0 18 2 27 0 

Hetaerina vulnerata Hagen in Selys, 1853  6 150 48 290 0 0 131 19 9 118 56 0 117 10 294 24 23 39 160 

Coenagrionidae 
                   

Apanisagrion lais (Brauer in Selys, 1876) 16 19 1 7 1 14 36 10 1 7 5 2 31 24 4 21 35 50 8 

Argia anceps Garrison, 1996 11 1 4 0 84 28 61 6 22 118 59 19 1 249 115 90 36 155 66 

Argia frequentula Calvert, 1907  0 0 0 0 18 0 0 0 34 0 0 0 0 4 0 0 0 0 3 

Argia extranea (Hagen, 1861) 302 212 32 17 28 88 191 85 36 107 121 195 93 0 45 66 29 42 151 

Argia oenea Hagen in Selys, 1865 0 0 0 0 8 0 0 0 0 0 0 0 0 47 0 17 0 0 0 

Argia pallens Calvert, 1902 0 0 0 0 0 0 0 3 0 0 0 8 4 0 0 0 0 0 0 

Argia plana Calvert, 1902 0 35 0 149 5 1 129 199 38 18 10 90 34 2 5 4 0 0 36 

Argia tarascana Calvert, 1902 96 62 81 3 70 11 84 107 102 94 102 45 13 53 115 82 43 68 157 

Argia tezpi Calvert, 1902  0 0 0 0 30 0 0 0 0 0 0 0 0 2 0 0 0 0 0 

Argia oculata  Hagen in Selys, 1865  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 

Enallagma civile (Hagen, 1861) 3 0 0 0 11 15 0 0 0 0 0 0 0 0 66 11 2 0 0 

Enallagma novaehispaniae Calvert, 1907 11 0 0 0 89 7 1 0 98 0 0 0 0 45 15 0 3 0 14 

Hesperagrion heterodoxum (Selys, 1868) 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 0 0 0 

Ischnura hastata  (Say, 1839) 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 16 0 0 

Mecistogaster ornata Rambur, 1842 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 

Telebasis salva  (Hagen, 1861) 6 0 0 2 70 113 0 0 13 0 24 18 0 4 55 11 210 64 78 

Lestidae 
                   

Archilestes grandis (Rambur, 1842) 1 0 24 0 0 27 9 2 0 32 22 0 57 0 6 0 16 19 10 

TOTAL 755 484 193 483 658 430 642 433 560 503 451 391 362 585 770 364 510 552 774 
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Fig. S1 Principal Component Analysis (PCA) with (a) the characteristics included in the calculation of the HII and (b)  PCA with  other 

environmental variables measured in the study.Bubble size represent the HII value 
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CAPÍTULO II  

Is body condition of Mexican rubyspot (Odonata:Zygoptera) associated 

with urbanization? 
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Supplementary material  

Table S1 Characterization of sampling sites 

Site Electric 

conductivity 

(µS/cm) 

Total 

dissolved 

solids 

(ppm) 

Dissolved 

oxygen  

(%) 

Dominant 

plant 

strata 

Macrophyte 

coverage  

(%) 

Anthropic 

waste 

 (%) 

Mean 

width 

(m) 

Mean 

depth 

(m) 

pH Chanel 

type 

Sewage  

discharge 

Mean of 

persons 

walking 

Mean of 

vehicles 

passing 

by 

Type of constructions 

around 

1 168.7 84.7 102 Herbaceus 64.7 3.9 1.1 0.3 9.2 Concrete Ocasional 3 
 

Households 

2 141.3 70.5 127.8 Herbaceus 24.7 4 1.3 0.1 9.7 Concrete Ocasional 10 17 Households/shops 

3 105 52.3 140.2 Arboreal 0 0 2 0.4 9.9 Mix Ocasional 5 0 Households/shops 

4 1457.8 728.8 118.1 Shrubby 22.3 0 12.1 0.6 9.6 Natural No_obvious 2 0 School/ road 

5 274.3 137.2 99.4 Arboreal 0 35.7 6.6 0.5 8.2 Mix Ocasional 3 71 Households/shops 

6 137.2 68.5 132.5 Herbaceus 42.7 0 1 0.4 10.2 Concrete Ocasional 7 53 Shops/road 

7 1324 662.3 142.1 Herbaceus 7.7 7.2 17.8 0.5 10.5 Mix Direct 15 8 No construction 

8 140.5 70.3 127.8 Arboreal 59 0 10 0.5 10 Mix No_obvious 8 0 Households/ road 

9 349.8 174.7 140.3 Arboreal 6 2.5 9.5 0.6 9.2 Natural No_obvious 1 0 Households/ road 

10 110.6 55.2 137.1 Arboreal 93.3 0 4 0.5 10.5 Mix Ocasional 3 1 Shops/road/Households 

11 206.7 103.5 141.5 Arboreal 4.7 9.2 1.9 0.4 9.8 Mix Ocasional 3 53 Households/ road 

12 231.7 117.2 110.3 Arboreal 4 1 3 0.3 8.3 Mix Ocasional 8 2 Households 

13 412.5 206.3 139.9 Herbaceus 24.7 4.7 1.1 0.2 8.1 Concrete Ocasional 6 30 Households/shops 

14 397.5 198.7 134 Arboreal 0 8.7 9.8 0.5 9 Mix Direct 2 12 No construction 

15 325 162.3 117 Arboreal 0 29.3 8.9 0.7 8.6 Mix Direct 4 9 Households 

16 384 192.2 137.2 Herbaceus 46.7 4.8 1.3 0.1 7.9 Concrete Ocasional 9 13 No construction 

17 221.1 110.5 104.5 Arboreal 11 0 8 0.7 7.9 Natural No_obvious 8 1 No construction 

18 129.8 115.2 99.8 Arboreal 50.3 5 9.8 0.7 8.6 Mix No_obvious 4 2 No construction 
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Figure S1. Observed data included in linear mixed-effects models for how pH relates to lipid and 

protein content. 
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Highlights 

- Behavioral traits are adaptive tools that animals use to respond to rapid environmental 

changes caused by urbanization 

- Odonata are a group of insects whose communities appear to be resilient to 

urbanization 

- We evaluated whether adult odonate behaviors changed along a defined urbanization 

gradient in the Brazilian Amazon 

- Odonates were less likely to fail during prey catching in more urbanized sites. This 

may be one strategy to deal with urbanized environments. 
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ABSTRACT 

One area of animal behavior  of growing interest is the one that studies  behavioral traits that 

favor species’ survival in rapidly changing environments, such as cities. An animal group 

that seems to be relatively resilient to urbanization is that of odonate insects. These animals 

are formidable generalist predators that exhibit large behavioral flexibility. Here, we tested 

whether adult odonates  show differences in behavioral traits associated to reproduction, 

foraging, and thermoregulation along an urbanization gradient. Our results indicate that 

individuals were more efficient at capturing prey in more urbanized places. The more 

effective predation inside the cities may occur as a consequence of changes in the 

environment, changes in the odonates behavior, or changes in prey communities whose 

characteristics influence the success rate of odonates during hunting. 

Keywords: dragonflies, damselflies, behavior, urbanization, Amazon 

INTRODUCTION 

Rapid environmental changes driven by urbanization impose novel and strong 

selective pressures on urban organisms, which must respond to these pressures on very short 

time scales to survive and settle (Alberti et al., 2017). However, a reduced group of species 

have traits that pre-adapt them to such novel urban conditions. In contrast, other species have 

to respond with shifts in traits that allow them to maintain their fitness under these new 

environmental conditions, as occurs with plasticity or microevolutionary processes 

(McDonnell and Hahs, 2015). As a consequence of this adaptive plasticity, individuals can 

to face modifications in their environment through morphological, genetic, physiological, 

and/or behavioral changes (Ghalambor et al., 2007; Tchakonté et al., 2015). 
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Among the plethora of traits animals are endowed with to face abrupt environmental 

modifications, behavioral traits are the fastest adaptive tools. This is supported by evidence 

from different animal groups, like birds (Estes and Mannan, 2003; Luther et al., 2016), 

mammals (Mazza et al., 2020; Uchida et al., 2020), and insects (Tynkkynen et al., 2008; 

Guillermo-Ferreira and Juen 2021, Magura et al., 2021). For example, in the beetle Carabus 

convexus, rural populations show two personalities, exploratory and risky, but in urban areas 

beetles prefer to adopt their risky personality, which is more adaptive to face the new urban 

conditions (Magura et al., 2021). Using a different example, in Temnothorax nylanderi ants 

have been recorded a higher foraging effort in urban colonies. In this case ants are more 

sensitive to starvation for fewer fat reserves or a higher metabolic rate inside cities due to 

warmer temperatures (Jacquier et al., 2023). From these examples we can infer that other 

groups of insects that inhabit urban environments may present different changes in their 

behavior. 

Urban ecosystems support a relatively high diversity of Odonata species, dragonflies 

and damselflies (Monteiro-Júnior et al., 2014; Luke et al., 2017). Interestingly, there is a link 

between urban habitats and odonate behavior. Resende et al. (2021) found that territorial and 

reproductive behaviors in these insects are strongly linked to environmental conditions and 

that changes in habitat integrity can lead to a decrease in behavioral diversity. In natural 

areas, these authors recorded species with different types of oviposition (endophytic, 

exophytic, and epiphytic), while in areas modified by human activities, such as agricultural 

or urban landscapes, species with exophytic oviposition prevailed. Similarly, the frequency 

of males exhibiting territorial behaviors was lower in modified areas compared to natural 

areas (Resende et al., 2021). However, this previous study is based on the bibliographic 
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review of behavioral traits of the species that inhabit cities, so it is necessary to carry out 

studies directly in the field that compare the frequencies of each of the behaviors carried out 

by individuals in urban areas  

To explore odonate behavioral flexibility in urban environments, we conducted a 

study evaluating the reproductive, foraging, or thermoregulatory behaviors of adults of 

different Odonata species in conserved and urbanized sites. We predicted that, given the 

resilient nature of odonates, urban communities of dragonflies and damselflies would show 

differences in the frequency of behaviors performed, compared to communities in conserved 

areas. In this way, we would expect that behaviors that have a direct link with reproduction 

(i.e., mating behavior) and/or survival (i.e., foraging and thermoregulation), are carried out 

more efficiently in urban environments, to better cope with the challenges posed by 

urbanization.  

MATERIALS AND METHODS 

Study area 

The region where the study was conducted has a dense vegetation cover, which can 

reach a canopy of more than 30 meters in height in areas not altered by anthropic action. We 

thus chose ten lotic systems separated from each other by a minimum distance of 2.7 km and 

between 3 and 25 m a.s.l. in the metropolitan region of Belem, in the Brazilian state of Pará. 

These systems are distributed across several municipalities, including Belem, Ananindeua, 

Benevides, Benfica and Castanhal, covering an area of 1827.7 km2 (Fig. 1). We selected 

streams of up to second order that shared similar physical conditions in terms of width and 
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depth but that differed in urbanization levels ranging from highly modified to less modified 

streams with marginal vegetation that covers the stream bed. 

Belem is the second largest city in the Brazilian Amazon, with a population of 

approximately 2.5 million inhabitants. It is characterized by a humid environment and it is 

surrounded and crossed by rivers and stream. The concentration of most of the population in 

the metropolitan region of Belem has transformed the natural ecosystems into industrialized, 

touristic, and residential areas, with high pollution levels due to inadequate sewage discharge 

and uncontrolled exploitation of natural resources (Brito et al., 2021). For each study site, 

we recorded the geographical coordinates, elevation, and water temperature.  In September 

2022, during the dry season,  we defined two 20-m transects in each of the ten study sites. 
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Figure 1. A. Distribution of sampling sites in the metropolitan region of Belem, Pará, 

Brazil. B. Location of Pará state within Brazil. 

Habitat Integrity index (HII) 

We measured different habitat variables along each transect to calculate the habitat 

integrity index (HII hereafter) of each sampling site (modified from Petersen, 1992). The HII 

was used to assess the degree of disturbance of the sampling sites, considering the biophysical 

attributes and the impact of anthropogenic activities. The following characteristics were 

assessed: (i) stream access, (ii) width of the riparian forest; (iii) preservation of riparian 

forest; (iv) riparian forest condition within 10-m of the stream, (v) water retention 

mechanisms, (vi) channel structure, (vii) water flow in the channel, (viii) canopy cover, (ix) 

human physical occupation, (x) disposal of domestic and industrial effluents, (xi) building 

density within 100 m, and (xii) presence of dumped trash. How we determined these 

components is described below (Table 1). 

Each variable had three to five conditions, with scores that increased with habitat 

integrity (Table 1). To weigh (p) the different i variables equally, the scores for each variable 

(ao) were divided by its maximum (am) possible score (pi = ao / am). The final HII score 

(Eq. 1) for each site was obtained from the mean value of these scores for the twelve variables 

analyzed.  

𝐻𝐼𝐼 =
∑ 𝑝𝑖

𝑛

𝑖=1

𝑛
    (Equation 1) 

The HII generates values from zero to one. Values close to zero correspond to sites 

with high urbanization, and values close to one correspond to sites with low urbanization.  
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Table 1. Characteristics considered for the calculation of the habitat integrity index (HII), 

and the scores assigned to each of the identified conditions 

Variable Condition score 

I. Access to the stream Paved road 0 
 

Unpaved road 1 
 

Track 2 
 

Path 3 

II. Width of the riparian forest  No woody riparian vegetation 0 
 

No riparian forest, but some shrubs 1 
 

Well-defined riparian forest, 1–5 m in width 2 
 

Well-defined riparian forest, 5–30 m in width 3 
 

Well-defined riparian forest, more than 30 m in width 4 
 

Riparian vegetation contiguous with the surrounding forest 5 

III. Preservation of the riparian forest Frequent forest gaps with some regrowth 0 
 

Gaps at intervals of 25 m to 50 m 1 
 

Gaps at intervals of more than 50 m 2 
 

Riparian forest intact 3 

IV.  Riparian Forest condition within 10-m of 

the stream 

Grass with some shrubs 0 

 
Grass mixed with some pioneer trees and shrubs 1 

 
Regenerating habitat, with a predominance of pioneer species, 
secondary forest, and dense undergrowth 

2 

 
Pioneer species mixed with mature trees 3 

 
More than 90% of the vegetation constituted by native or non-pioneer 

trees 

4 

V. Water retention mechanisms  Retention by five or more of the following: plastic, metal, glass, 

rubber, building materials, organic matter 

0 

 
Retention by three or more of the following: plastic, metal, glass, 

rubber, building materials,organic matter 

1 

 
Retention by one or more of the following: plastic, metal, glass, 

rubber, building materials, organic atter 

2 

 
Retention by leaves and trunks with no urban refuse 3 

VI. Channel structure Width/depth ratio > 50 0 
 

Width/depth ratio 25–50 1 
 

Width/depth ratio 15–25 2 
 

Width/depth ratio 8–15 3 
 

Width/depth ratio < 7 4 

VII. Water flow in the channel Little water in the channel, many pools  0 
 

25–50% of available channel filled with water (50–75% exposed)  1 
 

50–75% of available channel filled with water (25–50% exposed) 2 
 

>75% of available channel filled with water (<25 exposed)  3 
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Water covering the bases of both banks  4 

VIII. Canopy cover  Open – 0% to 10%  0 
 

Partly open – 11% to 40%  1 
 

Intermediate – 41% to 60% 2 
 

Partly closed – 61% to 90% 3 
 

Closed – 91% to 100% 4 

IX. Human physical occupation Urban or industrial development on the stream bank 0 
 

Urban or industrial development at a distance of more than 15 m from 
the edge of the stream 

1 

 
Urban or industrial development at a distance of more than 25 m from 

the edge of the stream 

2 

 
Urban or industrial development at a distance of more than 50 m from 
the edge of the stream 

3 

 
No urban or industrial development  4 

X. Domestic or industrial effluents Domestic or industrial effluents discharged directly into the stream 0 
 

Urban development without adequate public sanitation, with waste 
being discharged near or into the stream 

1 

 
Urban or industrial development connected to public sanitation 

network and treatment stations 

2 

 
No buildings or effluent discharge 3 

XI. Building density (within 100 m)  More than 100 buildings 0 
 

Between 51 and 100 buildings 1 
 

Between 11 and 50 buildings 2 
 

Between 1 and 10 buildings 3 
 

No buildings 4 

XII. Dumped trash (inside or outside of the 
stream) 

Five or more of the following: plastic, metal, glass, rubber, building 
materials, organic matter 

0 

 
At least three of the following: plastic, metal, glass, rubber, building 

materials, organic matter 

1 

 
At least one of the following: plastic, metal, glass, rubber, building 
materials, organic matter (principally leaves and woody material with 

sediments) 

2 

 
Organic waste only 3 

 
No evidence 4 

 

Odonata observations and determination of behavioral variables 

We observed adult Odonata males and females along the defined gradient. After 

identifying the species and for behavioral observations, we followed the focal animal 

temporal sampling technique (sensu Altmann 1974). Observations were conducted from 

10:00 to 13:00 hours. During each observation session, we divided the time into periods of 

10 min per individual, recording the frequency of activities of each individual when leaving 

the perch. After the ten-minute observation, each observed individual was marked with a 
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point of color on its wings to avoid recording the same individual twice, and then a different 

individual was observed. Two observers were present at each sampling site, classifying the 

observed behaviors into the following categories:  

Failed foraging: when the individual pursued one prey but failed to catch it 

Foraging: when the individual caught a prey 

Mating behavior:  when copulation, tandem, oviposition and/or pursuit of females occurred 

Thermoregulation: when individuals assumed the obelisk position or made rapid 

movements of wings under the sun rays 

Grooming: when the individual cleaned its head with its legs 

Territory delimitation: when the individual flew around the same area several times 

Territory defense: wing displays or direct confrontations with individuals approaching its 

territory 

Inactivity: when individuals were on their perch without performing any of the activities or 

movements mentioned above 

The relative frequency of each of the behaviors was calculated for each individual. 

Statistical Analysis 

To identify the predominant environmental variables in more or less urbanized sites, 

we performed a Principal Component Analysis (PCA) with the environmental variables 

measured to evaluate the environmental variation between study sites. The environmental 

variables were previously standardized (scale x to zero mean and unit variance) to have the 
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same weight in the analyses. We used a correlation matrix and applied the Broken Sticks 

criterion to select the number of axes to include in the ordination analysis. Additionally, we 

used the HII values as bubble variables to create the ordering graph. 

Because we have several species and their shared evolutionary history can influence 

the results obtained, we calculate the phylogenetic signal of the recorded behaviors. For this,  

we used the phylogenetic tree proposed by Waller and Svensson (2017), which we cropped 

with the match.phylo.data function in R to include only the observed species (Kembel et al., 

2010). For any observed species that was not present in the original tree, we substituted it 

with the closest congeneric species from the original tree (Beaulieu et al., 2012; Li et al., 

2019). The resulting phylogenetic tree (Fig. 2) was used to calculate the K statistic of the 

phylogenetic signal and its associated p-value based on the variance of phylogenetically 

independent contrasts with 999 replications (Blomberg et al., 2003; Kembel et al., 2010) for 

each behavioral category. The K statistic falls within the interval 0 to ∞. A value of 1 indicates 

that evolution follows a Brownian model, while K values greater than 1 indicate that species 

are more similar than expected under a Brownian model (i.e., high phylogenetic signal). 

Conversely, when K approaches 0, there is no phylogenetic signal, meaning that closely 

related species are as different as distantly related species (Blomberg et al., 2003). 
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Figure 2. Phylogenetic tree assembled from the phylogeny hypothesis of Waller and Svenson 

(2017), including species observed in our study. Asterisks indicate species observed at more 

than two sampling sites. 

Since we found no significant phylogenetic signal for any behavior (Table 2), we 

constructed our models without phylogenetic control. Specifically, we used generalized 

linear mixed-effects models with family gaussian and link logit, with the HII as explanatory 

variable and the relative frequency of each behavior as response variables. The species were 

included in the models as a random effect. We assessed the assumptions of normality and 

homoscedasticity of the models. However, the reproductive behavior and grooming models 

did not meet the assumptions of homocedasticity. Therefore, we employed a beta distribution 

with logit link, constructing these models using the glmmTMB function. Only species 

observed at more than two sites (12 species) were included in these analyses. 
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Table 2. Phylogenetical signal for the different behavioral categories included in this 

study. 

Behaviour category K PIC.variance.o

bs 

PIC.variance.rnd.mean PIC.variance

.P 

PIC.variance

.Z 

Mating behavior 0.50 5.18E-05 7.96E-05 0.17 -0.95 

Failed foraging 0.24 8.62E-05 6.30E-05 0.89 1.25 

Foraging 0.36 2.14E-05 2.34E-05 0.42 -0.31 

Grooming 0.32 3.15E-06 3.11E-06 0.58 0.05 

Inactivity 0.37 3.38E-04 3.69E-04 0.44 -0.28 

Termoregulation 0.55 3.12E-05 4.96E-05 0.15 -0.95 

Territory defense 0.28 1.26E-04 1.06E-04 0.74 0.71 

Territory delimitation 0.50 1.29E-04 1.93E-04 0.13 -1.07 

 

All analyses were performed in the R computing environment (R Development Core 

Team 2018) version 4.2.2 using the vegan (Oksanen et al., 2022), tidyverse (Wickham et al., 

2019), picante (Kembel et al., 2010), lme4 (Bates et al., 2015), performance (Lüdecke et al., 

2021), ggplot2 (Wickham, 2016), GGally (Schloerke et al., 2021), and car (Fox and 

Weisberg, 2019) packages. 

RESULTS 

Our study sites had water temperatures that ranged between 26.3 and 30.1 ◦C 

(mean=27.8 ± 1.22). The HII values ranged from 0.17 to 0.79 (mean=0.39 ± 0.20) (Table 3), 

indicating that we were able to capture a gradient of habitat integrity in our study. Principal 

components analysis (PCA) showed that the first two axes accounted for 59.67 % of the total 

variation of the data. Longitude, latitude, and elevation were the variables that most strongly 

determined the first axis, with the first two related negatively and the last one positively with 

this axis. The depth and width of the streams contributed the most to the formation of the 
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second axis, being both positively related to the axis. Conserved sites with higher HII values, 

were characterized by a denser canopy cover and macrophyte cover (Fig. 3, Table 4). 

Table 3. Geographical coordinates, elevation, water temperature, depth, width, canopy 

cover, macrophyte cover and HII values calculated for each site. 

Site Latitude Longitude Elevation Mean water 

temperature 

(°C) 

Depth 

(m) 

Width 

(m) 

Canopy 

cover  

(%) 

Macrophyte 

cover  

(%) 

HII 

1 -1.282711 -47.979952 14 26.65 0.45 6.3 59.5 0 0.608 

2 -1.297045 -47.990693 14 26.3 0.34 7.9 44.5 25 0.346 

3 -1.385057 -48.264777 10 28.3 0.305 4.45 60 7.5 0.533 

4 -1.327582 -48.386946 18 27.3 0.265 1.6 17.5 65 0.218 

5 -1.341328 -48.438631 14 28.85 0.19 1.4 38.5 0 0.228 

6 -1.307663 -48.304744 4 26.3 0.66 4.99 40.5 70 0.438 

7 -1.88183 -48.722986 25 27.7 0.4 2.1 0 0 0.174 

8 -1.425407 -48.436614 23 30.1 1.09 6 65 20 0.793 

9 -1.292955 -48.317737 3 28.15 1.2 7 9.5 30 0.224 

10 -1.347938 -48.262962 19 28.55 0.8 8.05 10 0 0.322 
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Figure 3. Principal Component Analysis (PCA) results showing the environmental variables 

measured in the study. Bubble size represents the HII value. 

Table 4. Environmental variables and their correlations with the first two axes of Principal 

Component Analysis (PCA) 

 
PC1 PC2 PC3 PC4 

Latitude          -0.500 0.027 0.010 -0.298 

Longitude          -0.511 0.021 0.311 0.235 

Elevation 0.409 0.153 0.306 0.157 

water_temperature 0.265 0.540 0.005 -0.496 

Depth -0.099 0.560 -0.525 -0.026 

Width -0.370 0.453 -0.057 0.447 

canopy_cover -0.259 0.130 0.520 -0.525 

macrophyte_cover -0.195 -0.384 -0.510 -0.332 

Eigenvalues 3.045 1.729 1.382 0.919 

Broken-stick 2.718 1.718 1.218 0.885 

% explanation 38.060 21.610 17.57 11.49 
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We observed 21 species in the ten study sites (13 Anisoptera and 8 Zygoptera) (Table 

5). The K-values for all recorded behaviors were less than 1 and were not significantly 

different from zero, indicating a low phylogenetic signal. Mating behavior showed a K-

value = 0.50 (p=0.17), failed foraging K-value = 0.24 (p= 0.89), foraging K-value = 0.35 (p= 

0.42), grooming K-value = 0.32 (p=0.58), inactivity K-value = 0.36 (p= 0.44), 

thermoregulation K-value = 0.55 (p=0.15), territory defense K-value = 0.28 (p= 0.74) and 

territory delimitation K-value = 0.49 (p=0.13). 

Table 5. Odonata species observed in each of the study sites.   

 
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

ANISOPTERA 
          

Brachymesia herbida 
      

X 
   

Diastatops obscura 
 

X X 
    

X 
 

X 

Erythrodiplax basalis 
 

X 
  

X 
   

X X 

Erythrodiplax castanea 
 

X X X X X 
    

Erythrodiplax fusca 
 

X X X 
 

X 
  

X X 

Micrathyria sp. 
   

X 
   

X X 
 

Oligoclada abbreviata X 
        

X 

Orthemis concolor 
   

X X 
  

X X 
 

Orthemis discolor 
   

X X 
 

X X X X 

Pantala flavescens 
      

X 
   

Perithemis lais X 
  

X 
  

X X 
 

X 

Uracis imbuta 
       

X 
  

Zenithoptera lanei 
     

X 
    

ZYGOPTERA 
          

Acanthagrion adustum 
     

X 
 

X X X 

Argia oculata X X X X X X 
 

X 
  

Chalcopteryx rutilans X 
         

Epipleoneura metallica 
 

X X X 
     

X 

Hetaerina sanguinea 
  

X X 
    

X 
 

Mnesarete  williamsoni X 
 

X 
  

X 
    

Neoneura luzmarina 
 

X X 
      

X 

Protoneura scintilla 
         

X 

Total species observed per site 5 7 8 9 5 6 4 8 7 10 
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We found a positive relationship between relative frequencies of failed foraging and 

HII (R2=0.46, p<0.01). In other words, in more urbanized sites,  the frequency of failed 

foraging decreased (Fig. 4 A.). 

We found no significant relationship between HII and the relative frequencies of 

foraging (R2=0.002, p=0.96), grooming (R2=0.3, p= 0.65), inactivity (R2=0.024, p= 0.44), 

mating behavior (R2=0.88, p=0.44), thermoregulation (R2=0.004, p=0.96), territory 

delimitation (R2= 0.092, p= 0.13) and territory defense (R2= 0.037, p= 0.40) (Fig 4. B-H). 
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Figure 4. Relationship between the Habitat Integrity Index (HII) and relative frequency of 

(A) failed foraging, (B) foraging, (C) grooming, (D) inactivity, (E) territory defense (F) 

territory delimitation, (G) thermoregulation and (H) mating behavior. Shaded area shows 

95% confidence intervals and error bars indicate standard deviation (std). 
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DISCUSSION 

Within the registered behaviors, failed foraging was the only behavior with a significant 

difference along the Habitat Integrity Index (HII) gradient. Our results indicate that 

dragonflies and damselflies were less likely to fail during prey catching in sites with low HII 

values (= more urbanized), a result that echoes those found in other insect orders (Jacquier et 

al., 2023) and also damselfly larvae (Tüzün et al., 2015). However, contrary to what we 

expected, we did not find differences in reproductive behaviors or territoriality along the 

urbanization gradient. Given this, one may wonder why it was only failed foraging what 

correlated with urbanization but not the other behaviors especially given that odonates have 

shown flexibility in such behaviors (i.e. the ability to learn among female morph to mate by 

ischnuran males; Fincke, 2004). Further research is needed here, especially in relation to 

mechanisms and  constrains behind of adapting to rapidly changing environments (Lowry et 

al., 2013). 

The lower frequency in which Odonata fail to catch prey in more urbanized sites (i.e. 

the more effective predation inside the cities) may be due to any of the following factors or 

a sum of all of them: 1) environmental changes, 2) changes in predator behaviour or 3) 

changes in prey communities. About environmental changes we know that in more urbanized 

environments the complexity of vegetation structure and environmental heterogeneity tends 

to be reduced (Threlfall et al., 2016). This implies that inside cities the vegetation is less 

complex in architecture so that odonate flights could be more direct and effective to catch 

preys.  Furthermore, the difference in vegetation structure also generates changes in the 

intensity of light received by the odonates, which has been identified as a factor involved in 
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the frequency of foraging (Shelly, 1982) and in the success rate during prey capture in 

odonates (Combes et al., 2012).   

Odonates are generalist and very efficient predators: they capture any flying prey as 

long as this fits their mandible size (Corbet, 1999) with a success rate of close to 90% (Olberg 

et al., 2000; Combes et al., 2013; Gonzalez-Bellido et al., 2013). Several studies confirm that 

their nervous system is completely coordinated with their visual system, their muscles and 

their wings, so the motor response when intercepting prey is highly precise (Olberg et al., 

2007; Olberg, 2012). Although the strategy to catch preys is a very stable behavior in this 

group, small and accurate changes that allow maintaining precision and reducing energy 

expenditure during foraging, could be favorable for odonates in highly modified 

environments such as cities. These behavioral adjustments imply the ability to learn that has 

been shown to occur at both the adult and larval stage when female damselflies learn whether 

to submerge during oviposition or not (Helebrandová et al., 2019) or damselfly larvae can 

learn the odour of predators (Wisenden et al., 1997).  

On the other hand, our results could be a reflection of what is happening not with 

predator behaviors but with prey communities, as has been reported in other groups of 

predators (e.g. raptor birds) that must modify their hunting strategies due to changes in the 

communities of their prey inside urban areas (Møller, 2012). Different studies carried out in 

Odonata have reported that its capture success depend on the type of prey, its size and its 

population density (Combes et al., 2012; Combes et al., 2013). Although prey availability is 

abundant in urban ecosystems, prey diversity tends to decline, with urban streams often 

dominated by mosquitoes from the Chironomidae and Culicidae families (Kelly et al., 2019). 

This type of prey dominant in cities may present more uniform flight patterns and smaller 
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body sizes, compared to prey communities in more urbanized places, both variables that 

facilitate the interception of these prey by odonates (Combes et al., 2013). Another factor 

that may be involved in capture success is prey density.  Combes et al. (2012) found that the 

flies pursued by dragonflies when prey density is low fly more erratically while preys have 

more consistent flights patterns when prey density is high. It is known that in cities, 

mosquitos’ densities can be much higher than in less urbanized places (Wilke et al., 2019). 

In this way, more consistent flight patterns under mosquitos’ higher population densities 

would allow greater efficiency on the part of the odonates when catch them inside cities. 

In odonates, as in any other animal, gain in mass associated with predation is 

inherently linked to fitness and survival (Marden, 1989; Anholt, 1991). Inquire into the 

different variables involved in the capture success and energy efficiency of odonates during 

their foraging behavior, considering dynamics not only of the predator but of the preys 

communities, will allow us to understand in a more comprehensive way what mechanisms 

are allowing odonates to survive within urban environments and to get on the list of winners 

after human disturbance. For example, the fact that some preys are highly abundant in 

urbanized areas (e.g., mosquitoes), that odonates do not compete inside cities for food 

apparently, and that these can increase their activity without apparent costs (e.g. attracting 

visual predators), would grant these predators to become part of the cities’ biodiversity. These 

facts make it easier to consider these invertebrate predators as part of the protected fauna and 

enrich conservation programs in urban areas. 
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CAPÍTULO IV 

From the forest to the city: the persistence of the dragonflies and 

damselflies in the urban jungle 
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Supplementary material 

Table 1. Reviewed papers 

Authors Paper Title Country City Geographical 

scope 

Taxonomic scope Habitat 

type 

species richness 

registered 

Life cycle phase Level of detected changes 

(Steytler and 

Samways, 1995) 

Biotope selection by adult male 

dragonflies (Odonata) at an artificial lake 

created for insect conservation in South 

Africa 

South Africa Pietermaritzburg Local Odonata lentic 26 adults species richness 

(Samways and 

Steytler, 1996) 

Dragonfly (Odonata) distribution patterns 

in urban and forest landscapes, and 

recommendations for riparian 

management 

South Africa Pietermaritzburg local Odonata lotic 26 adults species richness and 

abundance 

(Solimini et al., 

1997) 

 

 

Life history and species composition of 

the damselfly assemblage along the urban 

tract of a river in central Italy 

Italy Rome local Odonata_Coenagrioni

dae 

lotic 6 larvae species richness, species 

composition and life history 

patterns 

(Azrina et al., 

2006) 

Anthropogenic impacts on the 

distribution and biodiversity of benthic 

macroinvertebrates and water quality of 

the Langat River, Peninsular Malaysia 

Malaysia Langat river_Selangor local Macrobenthic 

invertebrates 

lotic 5 larvae species richness, diversity 

and eveness 

(Bried and Ervin, 

2006) 

Abundance patterns of dragonflies along 

a wetland buffer 

USA Mississippi local Anisoptera lentic 7 adults abundance 

(Oppel, 2006) Comparison of two Odonata 

communities from a natural and a 

modified rainforest in Papua New Guinea 

Papua New Guinea Herowana local Odonata lotic and 

lentic 

78 adults species richness and species 

composition 

(Ferreras-

Romero et al., 

2009) 

Implications of anthropogenic 

disturbance factors on the Odonata 

assemblage in a Mediterranean fluvial 

system 

Spain Andalusia local Odonata lotic 36 adults and larvae species richness, species 

composition 
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(Lubertazzi and 

Ginsberg, 2010) 

Emerging dragonfly diversity at small 

Rhode Island (U.S.A.) wetlands along an 

urbanization gradient 

USA Rhode Island local Odonata lentic 20 exuviae species richness and 

evenness 

(Silva et al., 2010) Adult odonate abundance and community 

assemblage measures as indicators of 

stream ecological integrity: A case study 

Brazil Viçosa local Odonata lotic 28 adults species richness and species 

composition 

(Craves and 

O’Brien, 2013) 

The Odonata of Wayne County, MI: 

Inspiration for Renewed Monitoring of 

Urban Areas 

USA Wayne County local Odonata lotic and 

lentic 

90 adults and larvae species richness 

(Goertzen and 

Suhling, 2013) 

Promoting dragonfly diversity in cities: 

major determinants and implications for 

urban pond design 

Germany Dortmund local Odonata lentic 30 adults and larvae species richness,  abundance 

and assemblage structure 

(Jomoc et al., 

2013) 

Species richness of Odonata in selected 

wetland areas of Cagayan de Oro and 

Bukidnon, Philippines 

Philippines Manolo Fortich, 

Sumilao, Impasug-ong,  

Damulog, Bugo and 

Tablon 

regional Odonata lentic 38 adults species richness 

(Ball-Damerow et 

al., 2014b) 

Local and regional factors influencing 

assemblages of dragonflies and 

damselflies (Odonata) in California and 

Nevada 

USA California and Nevada regional Odonata lotic and 

lentic 

83 adults species richness 

(Ball-Damerow et 

al., 2014a) 

Changes in occurrence, richness, and 

biological traits of dragonflies and 

damselflies (Odonata) in California and 

Nevada over the past century 

USA California and Nevada local Odonata lotic and 

lentic 

69 adults species richness, occurrence, 

similarity 

(Jeanmougin et 

al., 2014) 

Fine-scale urbanization affects Odonata 

species diversity in ponds of a megacity 

(Paris, France) 

Francia Paris local Odonata lentic 17 adults and exuviae species composition 

(Monteiro-Júnior 

et al., 2014) 

Effects of urbanization on stream habitats 

and associated adult dragonfly and 

damselfly communities in central 

Brazilian Amazonia 

Brazil Manaus local Odonata lotic 60 adults species composition 
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(Goertzen and 

Suhling, 2015) 

Central European cities maintain 

substantial dragonfly species richness - a 

chance for biodiversity conservation? 

Austria, the Czech 

Republic, Germany, 

and Switzerland 

Central Europe cities 

(from the Netherlands to 

Poland) 

regional Odonata lotic and 

lentic 

81 adults and larvae species richness, frequence 

of ocurrence 

(Monteiro Júnior 

et al., 2015) 

Analysis of urban impacts on aquatic 

habitats in the central Amazon basin: 

Adult odonates as bioindicators of 

environmental quality 

Brazil Manaus local Odonata lotic 60 adults species richness 

(Docile et al., 

2016) 

Macroinvertebrate diversity loss in urban 

streams from tropical forests 

Brazil Teresópolis regional Macroinvertebrates lotic 5 larvae species richness, species 

composition, and abundance 

(Foglini, 2016) Odonata next-door: An updated check-

list of two parks in the Northern Milan 

outskirt (Lombardy, Italy) 

Italy Milan regional Odonata lentic 27 adults species richness 

(Koparde, 2016) Damsels in distress-seasons, habitat 

structure and water pollution changes 

damselfly diversity and assemblage in 

urban wetlands 

India Pune local Odonata lentic 44 adults species richness 

(Nayak and Roy, 

2016) 

 

 

An observation on the Odonata fauna of 

the Asansol-Durgapur Industrial Area, 

Burdwan, West Bengal, India 

India Burdwan District local Odonata lotic 57 adults species richness, occurrence 

and distribution pattern 

 

(Cuevas-Yáñez et 

al., 2017) 

Large-scale human environmental 

intervention is related to a richness 

reduction in Mexican odonates 

Mexico Mexico national Odonata lotic and 

lentic 

275 adults species richness 

(Luke et al., 2017) The impacts of habitat disturbance on 

adult and larval dragonflies (Odonata) in 

rainforest streams in Sabah, Malaysian 

Borneo 

Malaysia Sabah local Odonata lotic 49 adults and larvae species richness, community 

composition 

(Ngiam et al., 

2017) 

A balancing act in urban social-ecology: 

human appreciation, ponds and 

dragonflies 

England London local Odonata lentic 15 adults species richness 

(Ramos et al., 

2017) 

Odonata Diversity and Synanthropy in 

Urban Areas: A Case Study in 

Argentina Avellaneda local Odonata lotic 20 adults species richness, beta 

diversity 



95 
 

Avellaneda City, Buenos Aires, 

Argentina 

(Tüzün et al., 

2017) 

Sexual selection reinforces a higher flight 

endurance in urban damselflies 

Belgium Flanders local Odonata lentic 1 adults phenotypic traits 

(Villalobos-

Jiménez et al., 

2017) 

Environmental noise reduces predation 

rate in an aquatic invertebrate 

England Liverpool experimental Odonata lentic _ 

laborator

y 

1 larvae impacts on trophic 

interactions 

(Benchalel et al., 

2018) 

Odonata of Wadi Bouarroug 

(northeastern Algeria) and environmental 

determinants of their distribution 

Algeria El Kala_Wadi 

Bouarroug 

local Odonata lotic 19 adults species richness 

(Holtmann et al., 

2018) 

Stormwater ponds promote dragonfly 

(Odonata) species richness and density in 

urban areas 

Germany Münster local Odonata lentic 26 adults and exuvia species richness, species 

composition, and abundance 

(Kietzka et al., 

2018) 

Comparative effects of urban and 

agricultural land transformation on 

Odonata assemblages in a biodiversity 

hotspot 

South Africa Western Cape Province local Odonata lotic 37 adults species richness and species 

composition 

(Prescott and 

Eason, 2018) 

Lentic and lotic odonate communities 

and the factors that influence them in 

urban versus rural landscapes 

USA Louisville local Odonata lotic and 

lentic 

50 adults species richness and species 

composition 

(Seidu et al., 

2018) 

Odonata assemblages along an  

anthropogenic disturbance gradient  in 

Ghana’s Eastern Region 

Ghana Akim local Odonata lotic 51 adults species richness and species 

composition 

(Sellam-

Bouattoura et al., 

2018) 

Odonata of the Mazafran hydrosystem: 

Distribution and community structure 

Algeria Koléa local Odonata lotic 15 adults species richness and 

abundance 

(Tippler et al., 

2018) 

Are Odonata nymph adversely affected 

by impaired water quality in urban 

streams 

Australia Sydney local Macroinvertebrates lotic 33 larvae species richness and species 

composition 
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(Chien et al., 

2019) 

Appropriate management practices help 

enhance odonate species richness of 

small ponds in peri-urban landscapes 

Taiwan Taoyuan regional Odonata lentic 21 adults species richness and 

abundance 

(Córdoba-Aguilar 

and Rocha-

Ortega, 2019) 

Damselfly (Odonata: Calopterygidae) 

population decline in an urbanizing 

watershed 

Mexico Tehuixtla local Odonata lotic 1 adults and larvae abundance, duration of 

adults exposed directly to 

sunlight, lipid content, 

muscle mass, and egg 

survival 

(Goertzen and 

Suhling, 2019) 

Urbanization versus other land use: 

Diverging effects on dragonfly 

communities in Germany 

Germany Germany cities national Odonata lotic and 

lentic 

72 adults and larvae species richness, species 

composition 

(Hjalmarson and 

Patten, 2019) 

Win–win urban ecology: near-home 

fishing promotes diversity of Odonata 

USA Norman, Cleveland 

County 

local Odonata lotic and 

lentic 

63 adults species richness and 

abundance 

(Holtmann et al., 

2019) 

Odonate assemblages of urban 

stormwater ponds: the conservation value 

depends on pond type 

Germany Münster local Odonata lentic 21 adults and exuvia species richness and exuviae 

density 

(Huikkonen et al., 

2019) 

Heterogenic aquatic vegetation promotes 

abundance and species richness of 

Odonata (Insecta) in constructed 

agricultural wetlands 

Finland Central Finland local Odonata lentic 17 larvae and exuviae species richness and 

abundance 

(Johansson et al., 

2019) 

Environmental variables drive 

differences in the beta diversity of 

dragonfly assemblages among urban 

stormwater ponds 

Sweden Upsala local Odonata lentic 31 adults beta diversity 

(Mangahas et al., 

2019) 

Chronic Exposure to High 

Concentrations of Road Salt Decreases 

the Immune Response of Dragonfly 

Larvae 

Canada Ontario local Odonata lentic 1 larvae immune response 

(Meland et al., 

2019) 

Road related pollutants induced DNA 

damage in dragonfly nymphs (Odonata, 

Noruega Oslo local Odonata lentic 1 larvae DNA damage 
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Anisoptera) living in highway 

sedimentation ponds 

(Rocha-Ortega et 

al., 2019) 

Spatial and temporal effects of land use 

change as potential drivers of odonate 

community composition but not species 

richness 

México México national Odonata lotic and 

lentic 

254 adults species richness, body size 

and individual species’ 

response 

(Villalobos-

Jiménez and 

Hassall, 2019) 

Wing shape patterns among urban, 

suburban, and rural populations 

of Ischnura elegans (Odonata: 

Coenagrionidae) 

England Leeds and Bradford local Odonata lentic 1 adults phenotypic patterns of flight 

(Bogan et al., 

2020) 

If you build it, they will come: Rapid 

colonization by dragonflies in a new 

effluent-dependent river reach 

USA Tucson_Santa Curz river local Odonata lotic 50 adults species richness, species 

composition, and 

colonization patterns 

(Blanckenberg et 

al., 2020) 

Protected and un-protected urban 

wetlands have similar aquatic 

macroinvertebrate communities: A case 

study from the Cape Flats Sand Fynbos 

region of southern Africa 

South Africa Cape Town local Macroinvertebrates lentic 3 larvae species richness, diversity 

and community structure 

(Bobrek, 2020) High biodiversity in a City Centre: 

Odonatofauna in an abandoned limestone 

quarry 

Poland Kraków local Odonata lentic 37 adults species richness and 

abundance 

(Buczyński et al., 

2020) 

Dragonflies (Odonata) of the city of 

Lublin (Eastern Poland) 

Poland Lublin local Odonata lotic and 

lentic 

54 adults and larvae diversity and abundance 

(Chen et al., 2020) Influences of Physical Vegetation 

Management on Odonata Abundance in 

Urbanized Ecosystem: a Case Study in 

Northern Taiwan 

Taiwan New Taipei local Odonata lentic 19 adults and larvae species richness and 

abundance 

(Jere et al., 2020) Assessing the response of odonates 

(dragonflies and damselflies) to a tropical 

urbanization gradient 

India Pune local Odonata lotic 15 adults species richness 
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(Perron and Pick, 

2020b) 

Water quality effects on dragonfly and 

damselfly nymph communities: A 

comparison of urban and natural ponds 

Canada Otawa regional Odonata lentic 22 larvae species richness and 

abundance 

(Perron and Pick, 

2020a) 

Stormwater ponds as habitat for Odonata 

in urban areas: the importance of obligate 

wetland plant species 

Canada Ottawaand Gatineau local Odonata lentic 52 adults species richness and 

abundance 

(Sharma and 

Kumar, 2020) 

Odonata diversity in and around 

Vadodara, Gujarat, India 

India Vadodara local Odonata lotic and 

lentic 

38 adults species richness 

(Vilenica et al., 

2020) 

Odonata assemblages in 

anthropogenically impacted lotic habitats 

Croatia Pannonian lowland 

ecoregion 

local Odonata lotic 19 larvae species richness and species 

composition 

(Worthen and 

Chamlee, 2020) 

Determinants of adult odonate 

community structure at several spatial 

scales: effects of habitat type and 

landscape context 

USA Pickens and Greenville regional Odonata lotic and 

lentic 

45 adults species richness, abundance 

and  community structure 

(Husband and 

McIntyre, 2021) 

Urban areas create refugia for odonates 

in a semi-arid region 

USA Brownfield, Levelland, 

Lubbock, Muleshoe, and 

Plainview 

regional Odonata lentic 33 adults species richness 

(Pereira-Moura 

et al., 2021) 

Environmental integrity as a modeler of 

the composition of the Odonata 

community 

Brazil Santarém local Odonata lotic 35 adults species richness, abundance 

and community composition 

(Dolný et al., 

2021) 

Effects of Landscape Patterns and Their 

Changes to Species Richness, Species 

Composition, and the Conservation 

Value of Odonates (Insecta) 

Czech Republic Czech Republic national Odonata lotic and 

lentic 

68 adults species richness 

(Perron et al., 

2021) 

Plants, water quality and land cover as 

drivers of Odonata assemblages in urban 

ponds 

Canada Ottawa and Gatineau regional Odonata lentic 56 adults and larvae species richness and species 

composition 

(Sganzerla et al., 

2021) 

Effects of urbanization on the fauna of 

odonata on the coast of southern Brazil 

Brazil municipalities of Rio 

Grande do Sul 

regional Odonata lentic 38 adults species richness, abundance 

and  community structure 
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(Strungaru et al., 

2021) 

Response of aquatic macroinvertebrates 

communities to multiple anthropogenic 

stressors in a lowland tributary river 

Romania Iasi local Macroinvertebrates lotic 4 larvae species richness and species 

composition 

(Worthen et al., 

2021) 

Downstream changes in odonate (Insecta: 

Odonata) communities along a suburban 

to urban gradient: Untangling natural and 

anthropogenic effects 

USA Greenville local Odonata lotic 42 adults and larvae species richness and 

abundance 

 

(Getnet, et al., 

2022) 

Macroinvertebrate community structure 

and diversity in relation to environmental 

factors in wetlands of the lower Gilgel 

Abay River catchment, Ethiopia 

Ethiopia Amhara local Macroinvertebrates lentic 5 larvae family richness 

(Guadalquiver et 

al., 2022) 

Odonatofauna in the freshwater system of 

Kibalabag, Malaybalay City, Bukidnon, 

Philippines 

Philippines Malaybalay local Odonata lotic and 

lentic 

25 adults species richness and species 

composition 

(Lozano et al., 

2022) 

Recovery of local dragonfly diversity 

following restoration of an artificial lake 

in an urban area near Buenos Aires 

Argentina Avellaneda local Odonata lentic 31 adults species richness 

(Maldonado-

Benítez et al., 

2022) 

Effects of urbanization on Odonata 

assemblages in tropical island streams in 

San Juan, Puerto Rico 

Puerto Rico San Juan local Odonata lotic 14 adults species richness, abundance 

and  community structure 

(Suárez-Tovar et 

al., 2022) 

Resilient dragons: Exploring Odonata 

communities in an urbanization gradient 

Mexico Cuernavaca local Odonata lotic 45 adults species richness, abundance 

and species composition 

(Zhang et al., 

2022) 

Chronic Road Salt Exposure Across Life 

Stages and The Interactive Effects of 

Warming and Salinity in a Semiaquatic 

Insect 

Canada Ontario experimental Odonata lentic _ 

laborator

y 

1 adults and larvae life history transitions and 

carry-over effects 
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Supplementary Table S2 Traits of each species recorded in the literature. 

Species Urban 

propensit

y 

Body 

length 

Body colors Body colors type Sexual 

Dimorphism 

Polymorphisms 

by sex 

Mate 

guarding 

Flight 

Mode 

Territoriality Habitat 

openness 

Habitat 

preference 

Aeshna_affinis Sensitive 71.5 blue_green_yellow_br

own 

pigment strong NI contact flier NI semi lentic 

Aeshna_interrupta Sensitive 66.5 blue_yellow_brown pigment strong females NI flier T closed lentic 

Aeshna_isoceles Sensitive 67 yellow_orange_green pigment weak weak none percher T NI lentic_and_l

otic 

Aeshna_tuberculifera Sensitive 75.5 brown_green_blue pigment weak females none flier NI closed lentic 

Aeshna_williamsoniana Sensitive 71 brown_green_black_b

lue 

pigment weak monomorphic NI NI NI closed lotic 

Archilestes_californicus Sensitive 51 brown_blue_white pigment_pruinescence_struc

tural 

strong NI contact percher T closed_open lentic_and_l

otic 

Argia_modesta Sensitive 35 blue_black pigment strong NI contact percher NI NI lotic 

Argia_oculata Sensitive 37 black_blue_purple pigment strong females contact percher NI closed_open lotic 

Austroaeschna_unicornis Sensitive 67.5 brown_yellow_blue pigment weak NI NI NI NI NI lotic 

Austrocordulia_leonardi Sensitive 65 brown_yellow_green pigment strong NI NI NI NI NI lotic 

Austrocordulia_refracta Sensitive 50 brown_yellow_black pigment weak NI NI NI NI NI lotic 

Austrogomphus_australis Sensitive 45 yellow_black pigment weak NI NI NI NI NI lentic_and_l

otic 

Austrolestes_leda Sensitive 37.5 blue_black_brown pigment strong NI NI NI NI NI lentic 

Austrolestes_psyche Sensitive 32 black_blue_black pigment weak NI NI NI NI NI lentic 

Boyeria_irene Sensitive 67 brown_green pigment weak females contact flier NI closed lentic_and_l

otic 

Brachymesia_furcata Sensitive 43.5 red_brown pigment strong females noncontact percher_

flier 

T open lentic 

Brachytron_pratense Sensitive 58.5 blue_green_brown pigment strong NI NI flier NI closed lentic 

Chalcopteryx_scintillans Sensitive 26.6 black_yellow pigment weak monomorphic noncontact NI T closed lotic 

Coenagrion_lunulatum Sensitive 32 blue_black_green pigment strong NI contact percher NI closed lentic 

Coenagrion_pulchellum Sensitive 38.25 blue_black pigment weak NI contact percher NT semi lentic 

Coenagrion_resolutum Sensitive 30 blue_black_green pigment strong NI contact percher NI semi lentic 

Cordulegaster_bidentata Sensitive 73.5 brown_yellow_green pigment weak NI none percher NI closed_open lotic 
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Cordulegaster_diadema Sensitive 81 yellow_black pigment medium monomorphic none percher_

flier 

NT closed_open lotic 

Coryphaeschna_adnexa Sensitive 67.75 green_brown_blue pigment weak monomorphic none flier T closed lentic_and_l

otic 

Crocothemis_erythraea Sensitive 39 red pigment strong females noncontact percher T semi lentic_and_l

otic 

Dendroaeschna_conspersa Sensitive 40 brown_blue_green pigment weak NI NI NI NI NI lotic 

Diphlebia_lestoides Sensitive 28 blue_black pigment weak NI NI NI NI NI lotic 

Diphlebia_nymphoides Sensitive 33.7 blue_black pigment strong NI NI NI NI NI lotic 

Disparoneura_quadrimaculata Sensitive 35.34 brown_red_black pigment strong monomorphic NI percher NI NI lotic 

Enallagma_aspersum Sensitive 30.5 blue_black pigment weak monomorphic noncontact percher NI semi lentic 

Epipleoneura_manauensis Sensitive 26.5 green_black_brown pigment weak NI NI NI NI NI lotic 

Erythemis_credula Sensitive 34 black_brown_purple pigment_pruinescence strong monomorphic NI percher_

flier 

NI NI lentic 

Erythemis_vesiculosa Sensitive 60.25 green_brown pigment weak monomorphic NI percher_

flier 

T closed lentic_and_l

otic 

Erythrodiplax_latimaculata Sensitive 48.62 black_brown pigment_pruinescence weak NI NI percher NI NI lentic 

Erythrodiplax_umbrata Sensitive 45.25 brown_yellow pigment strong females noncontact percher_

flier 

T closed_open lentic_and_l

otic 

Gomphus_graslinii Sensitive 49 yellow_black pigment strong NI none percher NT semi lotic 

Gomphus_lucasii Sensitive 46.5 green_black pigment weak NI NI percher NT closed lotic 

Gomphus_vulgatissimus Sensitive 47.5 yellow_black pigment strong NI NI percher T semi lotic 

Hetaerina_moribunda Sensitive 45.7 black_brown_green pigment weak NI NI NI NI NI lentic_and_l

otic 

Ischnura_gemina Sensitive 25.5 black_green_blue pigment strong females noncontact percher NT open lotic 

Lestes_forcipatus Sensitive 37.5 black_blue_yellow structural_pruinescence weak monomorphic contact percher NI semi lentic 

Lestes_paulistus Sensitive 45.5 blue_green_brown pigment_structural weak monomorphic NI NI NI NI lentic 

Lestes_unguiculatus Sensitive 37.5 blue_green_brown pigment_pruinescence_struc

tural 

strong males contact percher NT open lentic 

Lestes_virens Sensitive 36 green_blue_brown pigment_pruinescence_struc

tural 

weak monomoprhic contact percher NT closed_open lentic 

Leucorrhinia_frigida Sensitive 30 black_white pigment_pruinescence strong females noncontact percher T open lentic 

Leucorrhinia_glacialis Sensitive 33.5 black_red_white pigment strong females NI percher NI closed lentic 

Leucorrhinia_pectoralis Sensitive 35.5 black_red_brown pigment strong NI contact flier T semi lentic 

Leucorrhinia_proxima Sensitive 34.5 black_red_white_bro

wn 

pigment_pruinescence strong NI NI percher T closed lentic 

Leucorrhinia_rubicunda Sensitive 34.75 red_black pigment_pruinescence strong NI contact percher T closed_open lentic 

Libellago_indica Sensitive 24.5 yellow_black pigment strong NI NI NI NI NI lotic 
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Libellula_herculea Sensitive 57.25 red_white_brown pigment_pruinescence strong monomorphic noncontact percher T closed lotic 

Libellula_nodisticta Sensitive 49 brown_yellow_blue pigment_pruinescence strong monomorphic contact percher T open lentic_and_l

otic 

Macromia_magnifica Sensitive 64.25 brown_yellow pigment_structural weak monomorphic NI NI NI closed lentic_and_l

otic 

Macromia_splendens Sensitive 72.5 yellow_green_brown pigment_structural strong NI none flier T closed_open lotic 

Mecistogaster_linearis Sensitive 80.5 black_green pigment medium females NI NI NI closed phytotelmata 

Micrathyria_stawiarskii Sensitive 32 black_white_blue pigment_pruinescence_struc

tural 

weak NI NI percher NI NI lentic 

Microstigma_maculatum Sensitive 120 black_brown pigment weak NI NI NI NI NI phytotelmata 

Neosticta_canescens Sensitive 25 black_white_green_bl

ue 

pigment_pruinescence weak NI NI NI NI NI lotic 

Onychogomphus_uncatus Sensitive 51.5 yellow_black pigment weak NI NI percher NI closed lotic 

Ophigomphus_bison Sensitive 41.75 yellow_black_green pigment medium monomorphic NI percher NI closed lotic 

Ophigomphus_morrisoni Sensitive 52.5 yellow_black_green pigment weak monomorphic NI percher_

flier 

NI open lentic_and_l

otic 

Ophigomphus_occidentis Sensitive 41.75 yellow_black_green pigment weak monomorphic NI percher NI semi lentic_and_l

otic 

Ophigomphus_severus Sensitive 75.5 yellow_green_black_b

rown 

pigment weak monomorphic NI percher NI closed_open lentic_and_l

otic 

Orthemis_schmidti Sensitive 52 red_brown_pink pigment strong NI NI percher NI semi lentic 

Orthetrum_caledonicum Sensitive 45 brown_blue pruinescence strong NI NI NI NI NI lentic_and_l

otic 

Oxygastra_curtisii Sensitive 50.5 brown_yellow_green pigment_structural medium NI none flier T semi lentic_and_l

otic 

Paltothemis_lineatipes Sensitive 50.5 red_black_brown pigment weak monomorphic noncontact percher_

flier 

T semi lotic 

Paragomphus_genei Sensitive 41 green_black_brown pigment medium NI NI percher NI open lentic_and_l

otic 

Perilestes_attenuatus Sensitive 53.1 black_green_blue pigment_structural weak monomorphic NI NI NI NI lotic 

Phaon_camerunensis Sensitive 68.1 green_brown pigment_structural medium NI NI NI NI closed lotic 

Phaon_iridipennis Sensitive 70 green_brown pigment_structural medium NI NI percher NT closed lotic 

Progomphus_borealis Sensitive 51 black_white pigment weak NI NI percher NI open lentic_and_l

otic 

Progomphus_intricatus Sensitive 47.48 green_brown_blue pigment medium NI NI NI NI NI lentic 

Psaironeura_tenuissima Sensitive 32 red_black_green pigment_structural strong monomorphic NI NI NI closed lotic 

Remartinia_luteipennis Sensitive 78 black_green_blue pigment weak monomorphic none flier NI closed_open lentic_and_l

otic 

Sapho_ciliata Sensitive 58.7 green_blue pigment strong NI NI NI NI open lotic 

Somatochlora_meridionalis Sensitive 56 green structural weak NI none flier T closed_open lotic 

Stylurus_olivaceus Sensitive 58 yellow_green_black_b

rown 

pigment weak monomorphic NI percher_

flier 

NI closed lotic 
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Sympetrum_costiferum Sensitive 34 red_black_brown pigment strong females contact percher_

flier 

NI NI lentic 

Sympetrum_danae Sensitive 31.5 yellow_black pigment_structural strong males contact percher NT semi lentic_and_l

otic 

Sympetrum_internum Sensitive 33.5 red_black pigment strong females contact percher T semi ephemeral 

Sympetrum_obtrusum Sensitive 35 red_black_white_bro

wn 

pigment strong females noncontact percher NI closed lentic 

Synlestes_weyersii Sensitive 57.1 yellow_black_green_b

lue 

pigment_structural medium NI NI percher NI NI lotic 

Telebasis_corallina Sensitive 31.180 red_black_orange_gre

en_yellow 

pigment strong monomorphic NI NI NT NI lentic 

Tramea_cophysa Sensitive 46.5 yellow_green_black_b

rown 

pigment_structural strong NI NI percher_

flier 

NI open lentic 

Trithemis_aurora Sensitive 37.5 red_black_pink pigment_pruinescence strong monomorphic NI percher NI NI lentic_and_l

otic 

Umma_cincta Sensitive 54.6 green_bue pigment weak NI NI NI NI NI lotic 

Acanthagrion_gracile Tolerant 29.3 blue_black pigment weak monomorphic contact NI NT semi lentic_and_l

otic 

Acanthagrion_lancea Tolerant 32.13 blue_black_green pigment weak NI contact percher NI NI lentic 

Acisoma_inflatum Tolerant 24 black_white_yellow_b

rown 

pigment weak NI NI NI NI NI lentic_and_l

otic 

Aeshna_canadensis Tolerant 71 blue_brown pigment strong NI contact percher_

flier 

T NI lentic 

Aeshna_cyanea Tolerant 71.5 brown_yellow_blue pigment strong NI none flier T closed lentic 

Aeshna_juncea Tolerant 75.5 brown_green_blue  pigment strong females none flier T closed_open lentic 

Aeshna_mixta Tolerant 42.5 blue_brown_green pigment strong NI contact flier NI semi lentic_and_l

otic 

Agriocnemis_pygmaea Tolerant 22 orange_yellow_black_

green 

pigment strong females NI flier T NI lentic 

Anax_imperator Tolerant 76.5 blue_black_green pigment strong monomorphic none flier NI closed lentic 

Anax_junius Tolerant 74 blue_green_brown_bl

ack 

pigment strong females contact flier NI semi lentic_and_l

otic 

Anax_partenope Tolerant 68.5 yellow_black_green_b

lue 

pigment strong monomorphic contact flier NI semi lentic_and_l

otic 

Argia_apicalis Tolerant 36.5 blue_black_gray pigment strong females contact percher T closed_open lentic_and_l

otic 

Argia_bicellulata Tolerant 23.4 blue_black_purple pigment strong NI NI percher NI NI lentic 

Argia_plana Tolerant 36.5 blue_black_purple pigment strong females contact percher NT closed_open lotic 

Argia_vivida Tolerant 29.75 blue_black_purple pigment strong females NI percher T semi lentic_and_l

otic 

Austrolestes_analis Tolerant 38 black_brown_blue pigment strong NI NI NI NI NI lentic 

Brachymesia_gravida Tolerant 52 orange_brown_black pigment_pruinescence strong monomorphic noncontact percher_

flier 

T open lentic 

Brachythemis_contaminata Tolerant 33 orange_red_black pigment strong monomorphic NI percher_

flier 

T open lentic 
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Calopteryx_splendens Tolerant 46.5 green structural strong females noncontact percher T semi lotic 

Calopteryx_virgo Tolerant 47 blue structural strong NI NI percher T closed lotic 

Ceriagrion_coromandelia Tolerant 36 yellow_orange_green pigment strong monomorphic NI flier T NI lotic 

Chalcostephia_flavifrons Tolerant 44.25 blue_yellow structural_pruinescence strong monomorphic NI percher NI closed lentic 

Coenagrion_puella Tolerant 34 blue_black pigment strong females contact percher NT semi lentic_and_l

otic 

Cordulia_aenea Tolerant 51 brown_green_yellow pigment_structural weak NI none flier T closed lentic 

Crocothemis_servilia Tolerant 35.5 red_brown pigment strong monomorphic noncontact percher T open lentic_and_l

otic 

Diplacodes_bipunctata Tolerant 30.5 red_brown_yellow pigment strong monomorphic NI flier NI NI lentic_and_l

otic 

Dythemis_maya Tolerant 44 red pigment strong monomorphic noncontact percher_

flier 

T NI lotic 

Elattoneura_nigra Tolerant 31.9 black_blue pigment weak NI NI NI NI semi lotic 

Enallagma_basidens Tolerant 24.5 blue_black pigment strong monomorphic contact percher NI semi lentic_and_l

otic 

Enallagma_civile Tolerant 33.5 blue_black pigment strong females noncontact percher T semi lentic_and_l

otic 

Enallagma_erbium Tolerant 29.5 blue_black pigment strong females noncontact percher NT semi lentic 

Enallagma_praevarum Tolerant 45.25 blue_black pigment strong females none percher NT semi lentic_and_l

otic 

Erythemis_attala Tolerant 43 black_brown_yellow pigment strong monomorphic NI percher T semi lentic_and_l

otic 

Erythemis_plebeja Tolerant 44.5 black_brown pigment strong monomorphic noncontact percher T open lentic_and_l

otic 

Erythemis_simplicollis Tolerant 41 brown_blue_green pruinescence strong monomorphic noncontact percher T closed_open lentic_and_l

otic 

Erythrodiplax_basalis Tolerant 26 yellow_black_blue pigment_pruinescence medium monomorphic NI NI NI NI lotic 

Erythrodiplax_melanorubra Tolerant 36 orange_brown_blue pigment_pruinescence strong NI NI percher NI NI lentic_and_l

otic 

Erythrodiplax_nigricans Tolerant 34 yellow_black_brown pigment weak NI NI NI NI NI lentic 

Erythromma_lindenii Tolerant 43.5 blue_black pigment strong NI NI percher NI semi lentic_and_l

otic 

Ictinogomphus_rapax Tolerant 57 yellow_black_brown pigment weak monomorphic NI percher_

flier 

T semi lentic_and_l

otic 

Ischnura_barberi Tolerant 31.5 blue_orange_brown pigment strong females none percher NT semi lentic 

Ischnura_cervula Tolerant 27.5 black_blue pigment strong females none percher NI semi lentic 

Ischnura_elegans Tolerant 32.25 black_blue_green pigment weak females none percher NT open lentic 

Ischnura_graellsii Tolerant 29 black_blue_brown pigment_structural strong females none percher NT semi lentic_and_l

otic 

Ischnura_posita Tolerant 25 black_green pigment_pruinescence strong monomorphic none percher NT closed lentic_and_l

otic 
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Ischnura_pumilio Tolerant 29 black_green pigment strong females none percher NT open lentic 

Ischnura_ramburii Tolerant 31.5 orange_black_green_b

lue 

pigment strong females none percher NT closed_open lentic 

Ischnura_senegalensis Tolerant 29 yellow_black_green_b

lue 

pigment strong females none percher NT semi lentic_and_l

otic 

Ischnura_verticalis Tolerant 26.5 black_green_blue pigment strong females none percher NT semi lentic_and_l

otic 

Lestes_sponsa Tolerant 37 green_brown_blue pigment_pruinescence weak monomorphic contact percher NT semi lentic 

Lestes_undulatus Tolerant 41.2 blue_green_brown pigment_structural weak NI contact NI NI NI lentic 

Leucorrhinia_intacta Tolerant 31 yellow_black pigment weak females noncontact percher T open lentic 

Libellula_luctuosa Tolerant 46 white_brown pigment_pruinescence strong females noncontact percher_

flier 

T closed_open lentic_and_l

otic 

Libellula_pulchella Tolerant 54.5 brown_yellow_green pigment_pruinescence strong monomorphic noncontact percher_

flier 

T open lentic_and_l

otic 

Libellula_saturata Tolerant 55 orange_brown pigment strong females noncontact percher T NI lentic_and_l

otic 

Macrothemis_pseudimitans Tolerant 39 white_green_black_br

own_blue 

pigment_pruinescence_struc

tural 

weak monomorphic noncontact flier T closed_open lotic 

Micrathyria_catenata Tolerant 33.5 black_yellow_brown_

blue 

pigment_pruinescence strong monomorphic NI percher_

flier 

T semi lentic_and_l

otic 

Mnesarete_smaragdina Tolerant 35.2 green structural medium monomorphic NI NI NI NI lotic 

Neodythemis_klingi Tolerant 28.8 brown:yellow_black pigment weak NI NI percher NI closed lotic 

Olpogastra_lugubris Tolerant 57.5 brown_yellow_black pigment medium NI noncontac percher NI semi lotic 

Orthemis_discolor Tolerant 50.5 red_pink_brown pigment_pruinescence strong monomorphic noncontact percher_

flier 

T semi lentic_and_l

otic 

Orthetrum_cancellatum Tolerant 47 brown_blue_yellow pigment_pruinescence strong NI noncontact percher T open lentic_and_l

otic 

Orthetrum_julia Tolerant 47 black_blue_yellow pigment_pruinescence weak females NI percher NI closed lotic 

Orthetrum_sabina Tolerant 46.5 yellow_black_white_g

reen 

pigment weak monomorphic noncontact percher_

flier 

NI open lentic_and_l

otic 

Pachydiplax_longipennis Tolerant 35.5 yellow_green_brown_

blue 

pigment_pruinescence_struc

tural 

strong females noncontact percher T semi lentic_and_l

otic 

Palpopleura_lucia Tolerant 29 black_blue_yellow pigment_pruinescence strong NI NI percher NI semi lotic 

Pantala_flavescens Tolerant 50.5 yellow_orange_brown pigment weak monomorphic noncontac percher_

flier 

NT closed_open lentic_and_l

otic 

Pantala_hymenaea Tolerant 47.5 yellow_brown_red pigment medium monomorphic noncontact percher_

flier 

T open lentic_and_l

otic 

Plathemis_lydia Tolerant 45 white_brown pigment_pruinescence strong monomorphic noncontact percher T open lentic_and_l

otic 

Platycnemis_pennipes Tolerant 36 blue_black pigment strong NI contact percher NT semi lentic_and_l

otic 

Platycnemis_subdilatata Tolerant 34.5 black_blue pigment strong NI contact percher NI semi lotic 

Pseudagrion_melanicterum Tolerant 39.2 black_white_green pigment weak NI NI NI NI closed lotic 
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Pseudagrion_rubriceps Tolerant 35.75 black_orange_green_y

ellow_blue 

pigment_structural strong monomorphic NI percher NI semi lentic_and_l

otic 

Pseudoleon_superbus Tolerant 41.5 black_brown pigment weak monomorphic NI NI NI open lentic_and_l

otic 

Rhionaeschna_multicolor Tolerant 67 black_brown_blue pigment strong females NI flier NI semi lentic_and_l

otic 

Rhionaeschna_psilus Tolerant 60 green_brown_blue pigment weak monomorphic NI percher NI closed_open lentic_and_l

otic 

Sympetrum_corruptum Tolerant 40.5 red_yellow_brown pigment strong monomorphic contact percher NT open lentic_and_l

otic 

Sympetrum_flaveolum Tolerant 34.5 red_black_brown pigment medium NI contact percher NI semi lentic 

Sympetrum_sanguineum Tolerant 36.5 red_black pigment strong NI contact percher NT closed_open lentic 

Sympetrum_striolatum Tolerant 39.5 red_black_orange pigment weak NI noncontact percher NI open lentic 

Sympetrum_vulgatum Tolerant 37.5 red_orange pigment strong NI contact percher NI semi lentic 

Telebasis_salva Tolerant 26.5 red_yellow_black_ora

nge 

pigment strong monomorphic contact percher NI closed_open lentic_and_l

otic 

Tramea_binotata Tolerant 42 black_gray_blue pigment_pruinescence strong monomorphic NI flier NI semi lentic 

Tramea_lacerata Tolerant 53 yellow_black pigment medium monomorphic noncontact flier T NI lentic 

Trithemis_aconita Tolerant 37 black_blue pigment_pruinescence weak NI NI percher NI closed lotic 

Trithemis_arteriosa Tolerant 38 red_brown pigment strong NI NI NI NI NI lentic_and_l

otic 

Xanthagrion_erythroneurum Tolerant 40 red_black_orange_blu

e 

pigment strong NI NI NI NI NI lotic 

Zyxomma_elgneri Tolerant 45 green_black_brown pigment weak NI NI NI NI NI lentic_and_l

otic 

 

 

 

Table S3 Coding of characters used for path analysis 
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SENSITIVITY TO  

URBANIZATION 

Tolerant 1 

 
Sensitive 2 

BODY COLORS Black (sometimes with white spots) 1 
 

Brown-back 2 
 

Blue-green 3 
 

Yellow-orange 4 
 

Red 5 

STRENGTH SEXUAL 

 DIMORPHISM 

Weak 1 

 
Medium 2 

 
Strong 3 

POLYMORPHISMS BY SEX Females or males 1 
 

Monomorphic 2 

TYPE OF  

MATE GUARDING 

None 1 

 
Non_contact 2 

 
Contact 3 

FLIGHT MODE Percher_flier 1 
 

Flier 2 
 

Percher 3 

TERRITORIAL BEHAVIOR Non-Territorial 1 
 

Territorial 2 

HABITAT OPENNESS Closed-open 1 
 

Open 2 
 

Semi 3 
 

Closed 4 

TYPE OF HABITAT Lentic_and_lotic 1 
 

Lentic 2 
 

Lotic 3 
 

Phytotelmata 4 
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HABITAT PREFERENCE:  To run the path analysis models, the combination between Type of habitat and Habitat openness was considered as 

“Habitat preference”. 

SEXUAL DIMORPHISM: To run the path analysis models, the combination between strength sexual dimorphism and polymorphism by sex was 

considered as “Sexual Dimorphism”. 

TERRITORIALITY: To run the path analysis models, the combination between type of mate guarding, flight mode and territorial behavior was 

considered as “Territoriality”. 
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DISCUSIÓN GENERAL 
 

Los odonatos están respondiendo de forma diferencial a la urbanización, dependiendo del 

suborden al que pertenecen. Los hallazgos del capítulo 1 indican que la riqueza y abundancia 

de Zygoptera (caballitos del diablo) disminuyeron a medida que aumentó la urbanización en 

el gradiente definido en el Centro de México, mientras que no se detectaron cambios ni en la 

riqueza ni en la abundancia de Anisoptera (libélulas). De esta forma, los resultados obtenidos 

en este trabajo se suman a la evidencia que afirma que Zygoptera es el suborden más sensible 

ante los cambios en su entorno (Monteiro-Júnior et al. 2014; Prescott y Eason 2018; Seidu et 

al. 2018; Jere et al. 2020). Es ampliamente reconocido que las tasas de disminución 

poblacional en relación con la perturbación antrópica para las especies especialistas son 

mucho más altas que estas tasas para los taxones generalistas (Wagner et al. 2021). El 

suborden Zygoptera contiene una mayor cantidad de especies especialistas que prefieren 

hábitats con vegetación conservada, presentan hábitos de oviposición endofíticos y tienen 

una dispersión más restringida en comparación con las especies del suborden Anisoptera 

(Corbet 1999; Monteiro-Júnior et al. 2014). Por el contrario, las especies de Anisoptera en 

su mayoría, presentan hábitos generalistas, tienen una mayor tolerancia térmica, prefieren los 

sitios abiertos y tienen una mayor capacidad de dispersión (May 1978), lo cual puede facilitar 

la vida de estas especies dentro de las ciudades. 

A partir de los resultados de este primer capítulo y después de interpretar los 

resultados obtenidos en las comunidades de cada suborden, es importante resaltar que incluso 

los sitios con mayor influencia de la urbanización albergaron una gran cantidad de especies 

de odonatos, lo cual resalta la resiliencia de estos insectos. No obstante, para sobrevivir a un 

ambiente altamente modificado como las ciudades, los individuos requieren de ciertas 
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características que les permitan tolerar las nuevas condiciones en su entorno. En este sentido, 

en los capítulos 2, 3 y 4 se evaluaron rasgos fisiológicos, conductuales y morfológicos en 

individuos pertenecientes a especies que habitan ciudades en diferentes partes del mundo, 

con el fin de detectar cuáles de estos rasgos podrían estar involucrados con la adaptación al 

entorno urbano.  

A nivel fisiológico y a diferencia de trabajos previos realizados en varios grupos de 

insectos (Salomão et al. 2020; Córdoba-Aguilar y Rocha-Ortega, 2019; Iserhard et al., 2019), 

en el presente trabajo no se encontró una relación entre el gradiente de urbanización y las 

reservas energéticas o tamaño de la mancha alar (caracteres indicadores de la condición 

fisiológica de los individuos) de las dos especies del género Hetaerina evaluadas. Es decir, 

los individuos que habitan la ciudad tienen una cantidad de lípidos, carbohidratos y proteínas, 

así como una proporción de la mancha alar, similar a los individuos que viven en zonas menos 

urbanizadas. Esta falta de relación puede deberse a que el filtro selectivo afectó individuos 

de generaciones anteriores, ya que los procesos de urbanización comenzaron en la zona de 

estudio hace alrededor de 70 años (INEGI, 2020). Los individuos que observamos 

actualmente ya estarían entonces adaptados a este ambiente urbano, por lo que no presentan 

costos energéticos que se reflejen actualmente en los caracteres evaluados. Otra opción puede 

ser que la cantidad de comida en sitios urbanizados sea suficiente para suplir los 

requerimientos energéticos de los individuos, independientemente de condiciones no tan 

favorables en el ambiente urbano. Y finalmente, una tercera opción está relacionada con que 

los individuos estén ajustando sus conductas para reducir el gasto energético en lugares 

urbanizados y de esta forma su presupuesto energético será similar al de zonas menos 

urbanizadas. Esto último puede ser posible debido a que los cambios de conducta son la 
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respuesta más rápida de algunos animales ante cambios ambientales relativamente rápidos 

como las ciudades (Tynkkynen et al. 2008; Magura et al. 2021).  

Respecto a los cambios conductuales observados en odonatos a lo largo del gradiente 

de urbanización definido, esta vez en el Amazonas Brasilero, se encontró que los individuos 

fueron más eficientes en la captura de presas en los lugares más urbanizados. Este resultado 

puede explicarse por el tipo de presas disponibles en zonas urbanas. Si bien la disponibilidad 

de presas (p. ej., mosquitos) puede ser abundante en los ecosistemas urbanos, su diversidad 

tiende a disminuir y los arroyos urbanos suelen estar dominados por mosquitos de las familias 

Chironomidae y Culicidae (Kelly et al. 2019). Por lo tanto, los odonatos que viven en áreas 

urbanizadas pueden especializarse mejor en un solo tipo de presa, lo que lleva a una mayor 

eficiencia al atrapar su alimento. Otro factor que podría afectar la precisión al atrapar las 

presas puede ser que, en entornos más urbanizados, la complejidad de la estructura de la 

vegetación y la heterogeneidad ambiental tienden a reducirse (Threlfall et al. 2016). Esto 

implica que dentro de las ciudades la vegetación es menos compleja en arquitectura y de esta 

forma los vuelos de los odonatos a la hora de perseguir a sus presas pueden ser más directos 

y efectivos.  

Finalmente, en la revisión bibliográfica se encontró que a nivel mundial 88 especies 

han sido registradas como tolerantes, mientras que 87 han sido registradas como sensibles a 

la urbanización. En cuanto a los caracteres que permiten que estas especies permanezcan 

dentro de las ciudades se detectó que las especies urbanas de Anisoptera y Zygoptera 

presentan tamaños más pequeños y un dimorfismo sexual más débil respecto a las especies 

de sitios no urbanizados. Posiblemente, construir un cuerpo grande requiere largos períodos 

de desarrollo, más alimento y, en consecuencia, más riesgos (Suhonen et al. 2022), por lo 

que en ambientes impredecibles como las ciudades resulta ventajoso tener un tamaño 
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pequeño. Respecto al nivel de dimorfismo sexual, puede ser que las ciudades estén 

favoreciendo especies con mayor tendencia a ser dimórficas debido a que ser monomórfico 

puede acarrear más desventajas en entornos altamente cambiantes, debido a que un único 

morfo en entornos variables puede aumentar el riesgo de depredación o detección en 

momentos que sería preferible pasar desapercibidos (p. ej. Sanmartín-Villar et al. 2017). 

 A nivel de suborden también se encontraron diferentes caracteres involucrados en la 

sensibilidad a la urbanización. En Anisoptera, además del tamaño, las especies con colores 

amarillos o rojos fueron más frecuentes en las zonas urbanas, mientras que en Zygoptera las 

especies menos territoriales fueron más sensibles a la urbanización. Los hábitats abiertos 

típicos de las ciudades podrían promover colores rojizos en anisópteros debido a que los 

omocromos, responsables de la coloración roja y amarilla, se han asociado previamente con 

la producción de antioxidantes (McGraw 2005) y con protección contra los rayos UV 

(Needham 1974; Cooper 2010), que tendrían más incidencia en los individuos de zonas 

urbanas. Por otra parte, los resultados obtenidos para caballitos del diablo, podrían estar 

indicando que los comportamientos territoriales cobran mayor importancia dentro de las 

ciudades, donde hay pocos sitios disponibles para que las hembras ovipositen, por lo que esos 

pocos sitios disponibles deben ser defendidos con más ímpetu como ha sido reportado en 

otros grupos taxonómicos (Davies y Sewall 2016). 

Hasta este punto y con los resultados obtenidos se descifraron algunos de los aspectos 

que favorecen la vida de los odonatos adultos en las ciudades. Sin embargo, hace falta incluir 

rasgos de las larvas que podrían estar favoreciendo la vida de este grupo de insectos en las 

ciudades. Asimismo, queda pendiente explorar un enfoque poblacional donde se pueda 

detectar si el mecanismo detrás de la supervivencia de estos insectos en las ciudades tiene 

que ver con adaptaciones, exaptaciones o plasticidad fenotípica. Además, detectar genes y 
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proteínas clave detrás de estos procesos de adaptación a lo urbano, así como las variables 

particulares que más afecten a este grupo dentro de las ciudades (p. ej., pH y temperatura, 

entre otros factores) será clave para entender la dinámica de estos insectos en los entornos 

urbanos. 

Tradicionalmente, las ciudades han sido percibidas como una amenaza a la 

biodiversidad y han sido consideradas por muchos autores como “desiertos biológicos” 

(Güneralp y Seto 2013). Sin embargo, diferentes estudios han evidenciado la gran diversidad 

que albergan las ciudades (Bertone et al. 2016). Los resultados de este trabajo evidencian, 

por ejemplo, que los odonatos son parte fundamental de la fauna urbana y que pueden 

permanecer en las ciudades con una condición fisiológica similar a la que mantienen en 

lugares más conservados. Ante este escenario y siendo conscientes de las múltiples especies 

que habitan las ciudades y sus diferentes requerimientos, debemos generar ciudades pensadas 

no solo para la especie humana, sino para todas las demás especies que sobrevuelan y 

caminan en la jungla urbana. 

Las ciudades juegan un papel importante en la conservación de la biodiversidad 

global, particularmente a través de la planificación y gestión de los espacios verdes y azules 

urbanos (Aronson et al. 2017; Fenoglio et al. 2021). Abandonar la percepción de la ciudad 

como un disturbio y considerarla un ecosistema, en donde los hábitats muy modificados por 

el uso humano puedan rediseñarse, organizarse espacialmente y gestionarse para maximizar 

la biodiversidad, facilitará que asumamos la responsabilidad de conservarla al mismo tiempo 

que proporciona beneficios económicos y servicios ecosistémicos (Grimm et al. 2008). En 

este contexto y considerando el caso particular de los odonatos y otros insectos acuáticos, 

diseñar espacios dentro de las ciudades con cuerpos de agua lóticos y lénticos conectados 

entre sí por fragmentos de vegetación nativa, y con vegetación acuática dentro y alrededor 
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de ellos, beneficiaría a un mayor número de especies. Además, la presencia de este tipo de 

hábitats en la ciudad facilitaría la sensibilización de los habitantes sobre la importancia de 

una adecuada gestión del agua y las consecuencias de esta gestión sobre formas de vida que 

normalmente no son consideradas. De esta forma los resultados de este tipo de estudios no 

se quedarán solamente en la generación de nuevos conocimientos, sino que propiciarán una 

comunicación bidireccional entre investigadores, ciudadanos y tomadores de decisiones 

durante el diseño de ciudades sostenibles (Pickett y Cadenasso 2012). 

Kareiva et al. (2007) proponen que la ciudad puede entenderse como un ecosistema 

domesticado considerando que es modificado por el ser humano para obtener beneficios en 

términos de productividad, comercio, protección y salud. Recientemente se atribuyó la 

importancia de las áreas naturales dentro de las ciudades para la salud mental (Clark et al. 

2014) y se han reportado beneficios para la salud humana a través de la regulación del sistema 

inmunológico por contacto con la microbiota en espacios verdes (Rook 2013). 

Reconciliarnos con las ciudades y como especie humana sentirnos parte de este ecosistema 

nos permitirá seguirlas domesticando, pero no en el sentido de sacar utilidad de ellas, sino de 

crear lazos, como el zorro enseñó al Principito (Saint-Exupéry 2004). A partir de esto, 

podremos diseñar ciudades que sean concebidas por cada habitante como un lugar único en 

el mundo, necesitar de ellas tanto como ellas necesiten de sus habitantes, y de esta forma 

habitarlas y modificarlas con la dosis adecuada de cuidado que permita que todas las formas 

de vida que la ocupan puedan sobrevivir y convivir.  
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APÉNDICE 1. Revisión sobre la función de la coloración en odonatos 
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Figure S1. Diversity of coloration in the body of adult odonates. (a) Sympetrum illotum, (b) Argia oenea, (c) 

Argia oenea, (d) Pantala flavescens, (e) Megalagrion calliphya, (f) Megalagrion blackburnii, (g) Anax junius, 

(h) Megalagrion nigrohamatum, (i) Megalagrion calliphya, (j) Calopteryx aequabilis, (k) Ischnura ramburii, 

(l) Dythemis sp, (m) Archilestes grandis, (n) Argia sp (o) Megalagrion adytum, and (p) Calopteryx maculata. 

Photos: Catalina María Suárez-Tovar and Idelle A. Cooper 
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Figure S2. Diversity of coloration in the wings of adult odonates. (a) Calopteryx aequabilis, (b) Calopteryx 

maculata, (c) Calopteryx maculata, (d) Calopteryx aequabilis, (e) Perithemis intense, (f) Hetaerina 

americana, (g) Plathemis lydia, (h) Mecistogaster ornata, and (i) Tramea onusta. Photos: Catalina María 

Suárez-Tovar and Idelle A. Cooper 

 

Figure S3. Diversity of coloration in the eyes of adult odonates. (a) Megalagrion hawaiiense, (b) 

Megalagrion nifrohamatum, (c) Argia oenea, and (d) Ischnura ramburii. Photos: Catalina Mar_ıa Su_arez-

Tovar and Idelle A. Cooper. 
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Supplementary material Table 1. How to preserve odonate coloration?  

Studying coloration in odonates is challenging because color information is usually lost 

in preserved specimens (Hilton, 1986). We present some tips so that when specimens are 

collected, their coloration patterns can be preserved as well as possible.  

 

 To conserve patterns of coloration in larvae, collect them alive in a container with 

water and some of the vegetation from the collection site. Then, submerge them in hot 

(not boiling) water to preserve the color patterns and prevent the disintegration of 

internal tissues, and then store them in 70% ethanol (Abbott, 2010). 

 

 To preserve the colors of adult specimens, collect them in glass or plastic vials. 

Cellophane bags usually employed for the collection of these insects could contaminate 

samples that need to be analyzed in Scanning Electron Microscopy (SEM) or 

Transmission Electron Microscopy (TEM). 

 

Scan the live specimen in 1200 dpi or macrophotography and if possible, build a 

colorimetric map of the live specimen with an optical spectrometer. 

 

When wings are colorful, remove the wings and keep them in a collection in glass or 

plastic containers. Kill the specimen in absolute ethanol or glutaraldehyde and keep them 

refrigeraded under -5C.  
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APÉNDICE 2. ¿Cómo los insectos han soportado la vida en la ciudad? 

(Artículo de divulgación) 
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