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RESUMO  

 

  A assimetria flutuante (FA) é um indicador das diferenças entre os lados de um 

organismo, frequentemente atribuída ao estresse durante o desenvolvimento. Este estudo 

teve como objetivo analisar a FA em nível de comunidade para dois subordens de 

Odonata: Anizoptera e Zygoptera. O foco foi explorar a relação entre a FA e 

características relacionadas à aptidão física, como massa muscular e gordura corporal. 

Espécimes foram coletados em uma reserva de cerrado local e seus valores morfométricos 

foram medidos para calcular a FA. Regressões lineares e análises GLM foram usadas 

para quantificar as relações entre as variáveis. Os resultados revelaram uma correlação 

negativa entre a FA, a massa muscular e a área da asa, mas apenas para Zygoptera. 

Nenhuma associação foi encontrada entre as reservas de gordura e a FA. Os resultados 

significativos em Zygoptera sugerem que essa instabilidade simétrica pode estar 

relacionada a fatores fisiológicos e anatômicos específicos a subordem. A FA observada 

em Zygoptera ocorre durante a fase de formação dos músculos de voo, indicando estresse 

durante a fase aquática. Ao contrário da massa muscular, as reservas de gordura sofrem 

atrofia após a emergência, deixando reservas mínimas para a fase adulta. É provável que 

a FA não cause danos significativos ao bem-estar geral dos indivíduos. No entanto, em 

Zygoptera, a FA pode afetar o desempenho físico devido à sua relação com a área da asa 

e a massa muscular, que são vitais para atividades reprodutivas como combate e 

forrageamento. Assim, a FA pode afetar o desempenho físico de Zygoptera, mas 

possivelmente não o bem-estar geral dos indivíduos. 

 

PALAVRAS-CHAVE: pressões seletivas, músculos de voo, gordura corporal, seleção 

sexual.  
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ABSTRACT  

 

  Fluctuating asymmetry (FA) is an indicator of the differences between the sides 

of an organism, often attributed to developmental stress. This study aimed to analyze FA 

at a community level for two suborders of Odonata: Anizoptera and Zygoptera. The focus 

was on exploring the relationship between FA and fitness-related traits like muscle mass 

and body fat. Specimens were collected from a local savanna reserve, and their 

morphometric values were measured to calculate FA. Linear regressions and GLM 

analysis were used to quantify the relationships between the variables. The results 

revealed a negative correlation between FA, muscle mass, and wing area, but only for 

Zygoptera. No association was found between fat reserves and FA. The significant results 

in Zygoptera suggest that this symmetric instability may be linked to specific 

physiological and anatomical factors. The FA observed in Zygoptera occurred during the 

formation phase of flight muscles, indicating stress during the aquatic phase. Unlike 

muscle mass, fat reserves experience atrophy post-emergence, leaving minimal reserves 

to the adult phase. It is likely that FA does not cause significant harm to the overall well-

being of individuals. However, in Zygoptera, FA may impact fitness performance due to 

its relationship with wing area and muscle mass, which are vital for reproductive activities 

like combat and foraging. Thus, FA could affect the fitness performance of Zygoptera but 

not the general welfare of individuals.    

  

KEY-WORDS: selective pressures, flight muscle, body fat, sexual selection.   

  

  

 



1  

  

INTRODUÇÃO GERAL   

 Assimetria flutuante consiste nas diferenças morfométricas entre os lados de um 

organismo. É um dos métodos mais utilizados como parâmetro em estudos com 

bioindicadores para avaliação de impacto ambiental (Pinto et al., 2015; Reis et al., 2011), 

além de estar relacionado à condição corpórea de indivíduos em alguns grupos (Knierim 

et al., 2007; Tuyttens et al., 2008). A assimetria flutuante ocorre através de pequenas 

divergências na simetria do corpo, não compondo um modelo perfeitamente bilateral. É 

atribuída a distúrbios ontogenéticos frequentemente causados pelo estresse durante as 

fases de desenvolvimento do indivíduo (Palmer and Strobeck, 1986; Pinto et al., 2012), 

além de falhas genéticas e mutações recentes (Clarke and McKenzie, 1987; Harvey and 

Walsh, 1993; Jones, 1987; Parsons, 1990). A simetria de um indivíduo evidencia a sua 

capacidade genética de desenvolver suas estruturas mesmo que em condições ambientais 

não favoráveis (Bonn et al., 1996). Nesse contexto, a assimetria avalia a aptidão dos 

indivíduos em suportar o estresse ambiental, já que esta pode comprometer a 

sobrevivência e o fitness dos mesmos (Chang et al., 2007; Clarke and Ridsdill Smith, 

1990; Hardersen and Frampton, 1999; Kanegae and Lomônaco, 2003; Møller, 1997; 

Parsons, 1996, 1990). A assimetria também é considerada como índice de sucesso 

reprodutivo para muitos táxons (Bonn et al., 1996; Thornhill, 1992a) pois que é um 

indicador de fitness e estabilidade genética (Moller, 1991).  

O reflexo da assimetria flutuante nos indivíduos e na comunidade já é bem 

reportado na literatura para vários grupos de artrópodes, sendo os principais pontos as 

alterações de estruturas corporais, mudanças no comportamento sexual, e modificações 

químicas nos exsudatos (Klingenberg and McIntyre, 1998; Thornhill, 1992a, 1992b; 

Weller and Ganzhorn, 2004). A assimetria age nas estruturas corporais de forma 

diferenciada, mais ou menos intensamente à depender da estrutura, considerando sua 

importância. Estruturas mais importantes como asas e olhos no caso de Odonata devem 

possuir processos ontogenéticos mais estáveis, portanto, sendo menos suceptíveis a 

alterações na simetria (Palmer and Strobeck, 1986).  

  A ordem Odonata é frequentemente utilizada como bioindicador da qualidade 

ambientes aquáticos, além de um ótimo modelo em estudos de assimetria flutuante. 

Odonata tem sido utilizada em mensurações de qualidade de água e presença de poluentes 

químicos devido ao seu estágio larval aquático (Hardersen, 2000; Hardersen and 
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Frampton, 1999), com grande importância em trabalhos de avaliação e monitoramento 

ambiental (Nascimento et al., 2018). Além disso, a ordem também é utilizada como 

indicador em estudos de conservação devido a sua posição na cadeia trófica, sendo tanto 

em seu estágio larval quanto adulto uma peça importante na teia alimentar. Como modelo, 

também responde muito bem questões de assimetria flutuante, devido a seu estágio 

aquático larval e terrestre adulto delimitando o momento do fim dos processos 

ontogenéticos, este que se dá horas a dias após a emergência do adulto (Arthur D. 

Whedon, 1929). Outra característica que a torna um bom modelo de assimetria é o nível 

de influência que condições externas podem exercer sobre o estágio de ninfa, sendo 

facilmente afetado por temperaturas extremas (Chang et al., 2007; Strong and James, 

1992), quantidade de alimento no sistema (Dmitriew et al., 2007), densidade larval, 

deficiência de oxigênio (Strong and James, 1992), presença de predadores (Dmitriew and 

Rowe, 2005), poluição (Beketov, 2004; Hardersen, 2000; Hardersen and Frampton, 1999) 

e presença de parasitas (Bonn et al., 1996).  

Na época de reprodução, as odonatas apresentam sistemas de competição 

reprodutiva baseados em territorialismo e combate corpo a corpo entre machos, 

forrageamento de machos por fêmeas, ou a alternância entre ambas as estratégias (Alves-

Martins et al., 2012; Del-Claro and Guillermo-Ferreira, 2011; Vilela et al., 2017). 

Independente da estratégia utilizada, após a corte o macho tende a guardar a fêmea, 

impedindo que haja a corte com outros machos antes do ato de oviposição, o que pode 

afetar o fitness do parceiro anterior, pela substituição dos gametas dele por de um novo 

parceiro (Fincke, 1984; Mcvey and Smittle, 1984; Waage, 1979).  

  Estudos já demonstraram diversas relações entre a assimetria, fitness e outras 

características em espécies de Odonata, no entanto, a assimetria como um padrão à nível 

de toda uma comunidade ainda não foi testada. Sendo assim, o foco principal deste estudo 

é desenvolver uma análise de assimetria flutuante em uma comunidade de Odonata. Desta 

forma, iremos investigar se respostas comumente obtidas em nível de espécie se repetem 

em níveis sistemáticos superiores, focando principalmente em Odonata e suas subordens 

Anizoptera e Zygoptera. Também avaliamos as relações entre assimetria e fatores 

comumente relacionados ao fitness dos indivíduos, como “tamanho corporal”, “massa 

muscular” e “gordura corporal”, além de outras características morfológicas de machos 

capturados durante a época reprodutiva. Em suma, testamos cinco hipóteses: (1) em nível 

de comunidade, indivíduos com maior assimetria serão os de maior tamanho corporal, 



3  

  

pois corpos maiores demandam mais recursos e energia no desenvolvimento, e estão sob 

maior pressão de necessidade de alimentos no sistema; (2) a assimetria não será 

relacionada ao tamanho das asas, pois estas são uma característica essencial ao estilo de 

vida e reprodução, e espera-se que os processos ontogenéticos ligados à formação deste 

caractere sejam estáveis o suficiente a evitar uma forte relação; (3) a assimetria será maior 

em indivíduos com menos massa muscular, pois a formação de massa muscular se inicia 

nos primeiros instares larvais, quando há uma grande influência da AF; (4) a assimetria 

será maior em indivíduos com menor teor de gordura corporal; AF é um índice 

comumente negativamente relacionado ao fitness, enquanto que o oposto se observa ao 

teor de gordura corporal; (5) no geral, a assimetria será negativamente relacionada a 

fatores de impacto no fitness dos indivíduos, já que o objeto de estudo se compõe 

basicamente de machos em época de competição sexual.  
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INTRODUCTION 

  Fluctuating asymmetry (FA) is an index of the difference between the sides of an 

organism, whether bilateral or radial. It is one of the most commonly used methods in 

studies of bioindicators to assess environmental impacts (Pinto et al., 2015; Reis et al., 

2011) and also to evaluate the welfare of individuals in some taxa (Knierim et al., 2007; 

Tuyttens et al., 2008). Asymmetry occurs as small divergences from a perfect bilateral 

symmetric model and is commonly attributed to ontogenetic disorders caused by stress 

during the initial development of the individual (Palmer and Strobeck, 1986; Pinto et al., 

2012). Other causes may include genetic flaws and new mutations (Clarke and McKenzie, 

1987; Harvey and Walsh, 1993; Jones, 1987; Parsons, 1990). The symmetry of an 

individual also reveals its genetic capacity to develop structures during ontogeny 

regardless of environmental stress (Bonn et al., 1996). 

In this context, the fluctuating asymmetry index evaluates the ability of individuals 

to withstand environmental stress, as it could affect their survival and fitness (Chang et 

al., 2007; Clarke and Ridsdill Smith, 1990; Hardersen and Frampton, 1999; Kanegae and 

Lomônaco, 2003; Møller, 1997; Parsons, 1996, 1990). FA is considered a valuable index 

of mating success for many taxa (Bonn et al., 1996; Thornhill, 1992a), and it is also 

recognized by individuals as a sign of genetic fitness, as symmetry is a desirable trait in 

a mate (Moller, 1991). 

  The effects of FA on individuals and communities have been well-documented for 

many arthropod taxa. FA has the ability to alter body structures, mating behavior, and 

even pheromone secretion chemistry (Klingenberg and McIntyre, 1998; Thornhill, 1992a, 

1992b; Weller and Ganzhorn, 2004). Asymmetry acts differently on body structures, with 

varying intensity depending on the structure and its importance to the organism. For 

instance, more important structures such as wings in Odonata are expected to have more 

stable ontogenetic processes and therefore be less susceptible to changes in symmetry 

(Palmer and Strobeck, 1986). 

  The order Odonata is frequently used as a bioindicator of aquatic environment 

quality and serves as an excellent model in studies of fluctuating asymmetry. Odonata is 

commonly employed in studies concerning water quality and the presence of chemical 

pollutants due to its aquatic larval stage (Hardersen, 2000; Hardersen and Frampton, 

1999), making it of great importance in environmental evaluation and monitoring. 

Additionally, this order is also utilized in conservation studies due to its position in the 

trophic chain, as both the larval and adult stages play significant roles in the food web. 
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The larval stage of Odonata is particularly well-suited for investigations related to 

fluctuating asymmetry, as it has a well-defined endpoint for ontogenetic processes that 

concludes shortly after adult emergence, typically lasting from a few hours to several 

days, depending on the species (Arthur D. Whedon, 1929). Another advantageous 

characteristic that makes it a suitable model for the asymmetry index is the extent to which 

external conditions can influence the nymph stage. During the larval aquatic stage, 

individuals can be highly affected by factors such as extreme water temperatures (Chang 

et al., 2007; Strong and James, 1992), food availability (Dmitriew et al., 2007), larval 

density, oxygen deficiency (Strong and James, 1992), predation pressure (Dmitriew and 

Rowe, 2005), pollution (Beketov, 2004; Hardersen, 2000; Hardersen and Frampton, 

1999), and parasitism (Bonn et al., 1996). 

During the reproductive season, the majority of Odonata species exhibit 

competitive behavior among males, including combat, territorialism, active search, and 

foraging for females near ponds and watercourses. Some species may even switch 

between these tactics throughout their lives (Alves-Martins et al., 2012; Del-Claro and 

Guillermo-Ferreira, 2011; Vilela et al., 2017). Regardless of the strategy employed, males 

tend to guard ovipositing females, as the sperm from the last male to court the female 

fertilizes 60% to 100% of the deposited eggs (Fincke, 1984; Mcvey and Smittle, 1984; 

Waage, 1979). 

Previous research has demonstrated the influence of fluctuating asymmetry on 

fitness and other traits in Odonata species. However, to the best of our knowledge, no 

study has assessed the influence of fluctuating asymmetry at the community level within 

this order. The main focus of this study was to analyze fluctuating asymmetry within a 

neotropical savanna Odonata community. Additionally, we aimed to evaluate whether the 

same results observed at the species level would be replicated at the community level for 

Odonata and its suborders Anisoptera and Zygoptera. We also investigated the 

relationship between fluctuating asymmetry and common fitness traits such as body size, 

muscle mass, body fat, as well as other morphological traits of the captured males during 

the mating season. We examined any patterns of ontogenetic selective stabilization in any 

of the investigated characteristics. 

In summary, we tested five hypotheses: (1) at the community level, individuals 

with the highest fluctuating asymmetry should have larger body lengths, as larger bodies 

require more resources for development and are under higher pressure due to variations 

in food availability; (2) fluctuating asymmetry would not be related to wing shape, as 
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wings are a vital feature in Odonata, and the ontogenetic processes involved in wing 

formation are expected to be stable enough to avoid a strong correlation with fluctuating 

asymmetry; (3) fluctuating asymmetry would be higher in individuals with less muscle 

mass, as muscle formation begins in the early larval stages when there is a high influence 

of fluctuating asymmetry, and therefore the least fit individuals would also be the most 

asymmetric; (4) fluctuating asymmetry would also be higher in individuals with less body 

fat, as fluctuating asymmetry is commonly negatively related to fitness while body fat is 

positively related to it; (5) In general, fluctuating asymmetry would be negatively related 

to traits associated with individual fitness, considering that the study focused exclusively 

on mature males during the mating season.     

 

MATERIALS AND METHODS  

Site of Study  

This study was conducted at the Private Ecological Reserve of "Clube Caça e 

Pesca Itororó de Uberlândia" (CCPIU) in Uberlândia, Minas Gerais, Brazil (18°59'S, 

48°17'W), from December 2017 to May 2018. The reserve is situated within a patch of 

Cerrado Sensu Restrito, surrounded by an area heavily impacted by human activities in 

the city of Uberlândia (Figure 1). The Ecological Reserve is intersected by a 5 km long 

watercourse characterized as a Vereda.  

              
Figure 1: Ecological Reserve of CCPIU, comprehending a patch of Cerrado vegetation inside the city of 

Uberlândia – image via ArcGiz software database.  
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The Cerrado sensu stricto is a Brazilian biome characterized by trees and shrubs 

reaching heights of three to eight meters, with a dense presence of herbaceous plants in 

the interspaces (Oliveira and Marquis, 2002). Within the Cerrado, the vereda is a type of 

vegetation that occurs over groundwater outcrops, resembling a marsh-like environment 

(Araújo et al., 2002). Veredas contribute to the formation of watercourse galleries and are 

heavily utilized by Odonata during the reproductive season. 

Specimens were collected using nets from 8:00 to 15:00 at eight transects every 

two weeks. The transects were strategically placed to encompass five different 

watercourses: one transect located near ponds, one near a lake, one near a vereda, two 

near a mire, and three near a stream (Figure 2). These sites were selected to ensure a 

higher diversity in the sampling of species within the community, as it had been 

previously observed that different species tended to visit different watercourses (Alves-

Martins et al., 2012).  

After capturing each specimen, we placed them in cryotubes within a thermal box. 

Subsequently, the individuals were subjected to low temperatures (-10 °C) for 24 hours 

to ensure their death. In the laboratory, the specimens were identified at the species level 

using the identification guides by Heckman (2008) and Lencioni (2006). We then scanned 

the samples and utilized ImageJ (Schneider et al., 2012) to measure various parameters, 

including body length, left and right wing area, as well as the lengths of the left and right 

fore, mid, and hind tibia (Figure 3). 

To minimize measurement errors, all measurements were taken twice.  
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Figure 2: Transects of the study: (A) vereda, (B) mire, (C) lake, (D) ponds and (E) stream – image via Google 

Earth database.    

The thoraxes of the samples were removed and dried in a sterilization oven at 60 

°C for eight hours. Each sample's thorax dry mass was then estimated and subjected to a 

24-hour bath in chloroform. After the chloroform bath, the samples were dried again and 

re-weighed. The difference between the weights before and after the chloroform bath was 

used to calculate the fat content (Marden, 1989; Plaistow and Siva-Jothy, 1974). To 

estimate muscle mass, the thoraxes of the specimens were submerged in a solution of 

0.8M potassium hydroxide (KOH) for 48 hours. Afterward, they were dried again and re-

weighed to obtain the difference in weight before and after the KOH bath. This difference 

was used to estimate the muscle mass (González-Tokman et al., 2012; Plaistow and Siva-

Jothy, 1974).  

 

Statistical Analysis  

  A Student’s t test was conducted to check all doubled measurements and avoid 

measurement error. A Fluctuant Asymmetry Index (FA) was calculated by the formula:  

  

  Where R are the values on the right side of the body samples, L represents the 

values on the left side, and N represents the total number of body structures measured 

(Cornelissen and Stiling, 2005). All statistical analyses for this research were performed 

using the R software (R Core Team, 2008). To ensure a normal distribution of the data, a 

Lilliefors test was applied to all variables, and necessary transformations were applied 

when required. The variable FA was subjected to a log transformation to meet the 

assumptions of normality for the tests conducted.  

Several linear regressions were performed in order to quantify the strength of the 

relationship among the variables, we conducted the following tests: Fluctuant Asymmetry 

Index per Percentage of Muscle Mass for the whole community and for Zigoptera 

suborder only; and Fluctuant Asymmetry Index per Percentage of Body Fat for both 

suborders. Because the Anizoptera community data distribution was not normal, a 

Pearson correlation had to be performed, as it is a non-parametric test.   
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To check the obtained results, we replicated the linear regressions of Fluctuating 

Asymmetry Index (FA) per Muscle Mass at the suborder level using the five most 

abundant morphotypes: Erythrodiplax latimaculata, Erythrodiplax umbrata, 

Erythrodiplax juliana, Morphotype 2, and Morphotype 3. This was done to compare the 

results with their respective suborders. In some cases, the FA variable for certain 

morphotypes required log transformations to satisfy the assumptions of normality for the 

test.  

To also examine the relationship among Fluctuant Asymmetry Index and both 

body and wing size to both suborders, a GLM analysis with a quasibinomial family was 

performed.  

e image of the 
Figure 3: Images of the measurements on ImageJ: (A) wing area, (B) negative wing, (C) full body length , (D) full image 
scanning of individual 21 fore, mid and hind legs, (E) zoom in of the individual 21 mid tibia, (F) zoom in of the individual 21 
hind tibia.    

.  

RESULTS  

A total of 158 individuals were captured, comprising 24 morphotypes, 4 families 

and both suborder Anizoptera and Zigoptera. The most abundant species were 

Erythrodiplax latimaculata and Erythrodiplax umbrata, and the rarest ones were 

Neoneura sylvatica and Minagrion waltheri.   
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Table 1: Species found at the site of study, number of individuals captured, freshwater habitat selection. V: 

vereda; M: mire; L: lake; P: ponds; S: stream. 

 
                                                                                 Vereda     Mire     Lake     Ponds      Stream     Total  _    

           ANIZOPTERA              

             Libellulidae  

                  Erythemis credula Hagen, 1861  0  3  0  0  0  3  

                  Erythrodiplax fusca Rambur, 1842  0  0  0  2  0  2  

                  Erythrodiplax juliana Ris, 1911  2  7  0  2  0  11  

                  Erythrodiplax latimaculata Ris, 1911  0  4  4  13  0  21  

                  Erythrodiplax umbrata Linnaeus, 1758  1  0  0  16  0  17  

 Erythrodiplax sp. 01  0  4  0  4  0  8  

 Erythrodiplax sp. 02  0  2  0  0  0  2  

 Erythrodiplax sp. 03  1  9  1  2  1  14  

  Morphotype 01  1  8  1  2  0  12  

                  Zenithoptera lanei Santos, 1941  1  3  0  1  0  5  

     

                     ZIGOPTERA             

             Calopterygidae  

                  Hetaerina rosea Selys, 1853  0  0  0  0  4  4  

                 Mnesarete pudica Hagen in Selys, 1853  1  1  0  2  1  5    

         

             Coenagrionidae  

                 Acanthagrion sp.   2  1  2  1  1  7  

                 Argia sp. 01  0  0  0  0  4  4  

                 Argia sp. 02  0  0  0  0  4  4  

                Argia sp. 03  0  1  0  1  0  2  

                Cyanallagma sp.  0  0  0  0  2  2  

                Minagrion waltheri Selys, 1876*  1  1  0  0  0  2  

               Morphotype 02  0  4  3  0  0  7  

                 Morphotype 03  0  0  0  1  13  14  

                 Morphotype 04  0  0  0  1  1  2  

                 Oxyagrion microstigma Selys, 1876  0  1  3  0  1  5    

       

             Protoneuridae  

               Neoneura sylvatica Hagen in Selys, 1886  0  0  0  0  1  1  

                 Species     Area     
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               Epipleoneura williamsoni Santos, 1957  0  0  0  0  4  4  

                    

Our measurements were precise enough to not show significant differences on a 

T test (F132=1.245,95; P>0.05), and sufficiently accurate to be used on further tests.  Our 

data revealed a significant negative correlation between the asymmetry presented by the 

species community and the muscle mass, thus, there is a general tendency for the males 

with less muscle mass to present a higher level of asymmetry (F1,132 = 0.213; R2 = 0.038; 

P <  0.05) (Figure 4). The Pearson correlation performed with the suborder Anizoptera 

did not evince the same results, with no apparent relation between muscle mass and 

asymmetry (Figure 4).  

  The muscle mass in the Zigoptera suborder also undergo a negative influence of 

the asymmetry, with a significant negative correlation (F1,71 = 0.313; R2 = 0.085; P < 0.05) 

(Figure 4). As for the individual morphotypes results, the Morphotype 03 of the Zigoptera 

was the only one to show significant results for a relation between its FA and muscle mass 

(Table 2). The linear regression between fat reserves and asymmetry index did not 

indicate any relation to Anizoptera neither Zigoptera, when analyzed separately.  

Table 2: Values of the linear regression performed for morphotypes.    

                Species    Values      

  F      
 R

2     P  

  

ANIZOPTERA  

              

Erythrodiplax juliana  F1,7 = 1.945      0.106      0.206  

Erythrodiplax latimaculata  F1,15 = 3.283      0.125      0.090  

Erythrodiplax umbrata   F1,14 = 0.715      0.000      0.412  

  

ZIGOPTERA  

              

Morphotype 02  F1,8 = 0.961      0.000      0.961  

Morphotype 03  F1,5 = 12.978      0.666      0.016  

  

The GLM found no influence of the asymmetry on body length or wing area for the both suborders, but 

removing the body length of the suborder Zigoptera analysis showed significant results (F= ; df=67; P=0.01) 

(Figure 5), revealing that the individuals with the smallest wings are most affected by the asymmetry on 

this environment.   
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Figure 4: Plot of linear regression models along different data subsets, the Odonata order, and the suborders Zygoptera 
and Anizoptera.    

 
Figure 5: Comparison between the effect of the asymmetry on the wing area and body length for the suborder Zygoptera. 
   

 DISCUSSION    

  Our data contradicts the hypothesis that fluctuating asymmetry (FA) is directly 

proportional to body length, suggesting that larger species are not necessarily more 

affected by FA, despite their higher energy requirements for growth and flight. Possible 

hypothesis would be (1) the environmental stress capable of driving the asymmetry, may 
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not be strong enough to impact the body size of the species on that environment; (2) body 

length may be a trait not variable enough to be shown on a community dataset; (3) or that 

body length it’s just not influenced by the ontogenetic factors that may drive the 

asymmetry.  

  Regarding wing size, it was initially expected that fluctuating asymmetry (FA) 

would have little to no influence on it, or at least not to the same extent as body length. 

Since wings are considered crucial aspects of the Odonata life history, it was hypothesized 

that the selective pressure acting on them would have already established a stable genetic 

capacity for ontogenetic growth regulation, thereby minimizing asymmetry (Carchini et 

al., 2000). However, contrary to expectations, the results indicated a negative correlation 

at the community level, suggesting that smaller wings tend to be more asymmetrical. To 

the best of our knowledge, this finding has not been previously reported in the literature. 

Nonetheless, studies by Córdoba-Aguilar (1995) and Moller (1991) have shown a 

negative correlation between asymmetry and the size of a given trait. It is important to 

note that the size and shape of wings can impact the flight performance and fitness of 

damselflies (Samejima and Tsubaki, 2010). Additionally, at the species level, it has been 

demonstrated that wings can be influenced by environmental stress (Harvey and Walsh, 

1993).   

  Since the observed effect was only evident in the suborder Anisoptera, it is 

plausible to suggest that this community-wide pattern of symmetric instability may be 

attributed to specific factors related to the physiology or anatomy of Zygoptera. For 

example, the morphology of the wing joint in Anisoptera restricts certain wing 

movements that are more easily performed by Zygoptera (Rüppell and Hilfert-Rüppell, 

1989). To compensate for these limitations, Anisoptera tends to exhibit nearly twice the 

wing beat frequency compared to Zygoptera, while Zygoptera exhibits a considerably 

larger stroke amplitude (Rüppell and Hilfert-Rüppell, 1989). This greater need for a 

higher wing beat frequency in Anisoptera may contribute to a higher selective pressure, 

resulting in increased stability of wing symmetry in this suborder.   

The results regarding the relationship with muscle mass suggest a higher overall 

stability for the trait in the Anisoptera suborder. While no relationship was found for the 

Anisoptera, a negative correlation was observed for the Zygoptera suborder. We 

hypothesize that morphological and physiological factors may be responsible for a 

selective stabilizing pressure on muscle mass in Anisoptera. The importance of muscle 
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mass development is evident in the Anisoptera suborder, as they exhibit a significant 

increase in muscular cell length (50%) and mitochondrial volume (150%) between the 

initial period of emergence and reproduction (Marden, 1989). Mature Odonata males are 

known for their substantial investment in flight muscles (Marden, 1989). Moreover, flight 

muscle formation in Odonata gradually begins in the first larval instar, even before the 

atrophy of abdominal muscles (Büsse et al., 2015; Maloeuf, 1935). This indicates that the 

observed FA in Zygoptera likely occurs during the ontogenetic formation phase and may 

stem from stress in the aquatic environment during the larval stage or due to genetic flaws. 

Regarding the analysis of different morphotypes, all tested species of the 

Erythrodiplax genus demonstrated results consistent with those of the Anisoptera 

suborder, providing further support for the previous findings. Although one of the two 

tested Zygoptera morphotypes did not align with the overall results of the suborder, it is 

worth noting that this particular morphotype had the largest wing area among all 

Zygoptera species. The results regarding wing size suggest that larger species are less 

impacted by FA. Therefore, even if the muscle mass of this specific Zygoptera 

morphotype is not affected by FA, it does not invalidate the results obtained for the 

community as a whole.  

The lack of a relationship between body fat and fluctuating asymmetry (FA) in 

both suborders suggests a limited or negligible impact of FA on the welfare of the 

individuals in the community. Unlike muscle mass, which undergoes development during 

various stages including post-emergence, fat reserves experience atrophy during a 

specific stage of muscular development (Whedon, 1929). This atrophy results in minimal 

to no fat reserves after emergence, with any observed fat in the individuals originating 

from the adult phase activity. The absence of a correlation between body fat and FA in 

the community indicates that FA does not significantly affect the general welfare of the 

Odonata individuals. While muscle mass primarily forms during larval instars and after 

emergence, fat reserves undergo atrophy and subsequently accumulate through feeding. 

This suggests that FA may have a greater impact on the fitness rather than the overall 

welfare of Odonata individuals, as indicated by the lack of correlation between FA and 

body fat.  

The hypothesis that fluctuating asymmetry (FA) may affect fitness and traits 

related to it is supported by the observed relationship between wing area, muscle mass, 

and FA in the Zygoptera suborder. These traits are crucial for reproductive scenarios 



15  

  

involving male combat and foraging for mating partners, as they require optimal flight 

performance (Samejima and Tsubaki, 2010). In the case of the Zygoptera suborder, FA 

could potentially interfere with fitness performance, although it may not have a significant 

impact on the general welfare of the individuals. 

In future research, it would be interesting to compare males and females to observe 

the different effects of selective pressure on stability, considering that females are not 

subject to sexual selection. Additionally, studying the flight energetic costs for each 

species and examining the relationship with FA would provide insights into whether a 

higher energetic demanding flight can stabilize symmetry ontogenetic factors. 

 

CONCLUSÕES GERAIS  

Nossos resultados demonstram as seguintes relações envolvendo assimetria 

flutuante: (1) não há relação entre assimetria flutuante e o tamanho corporal dos 

indivíduos, para a ordem ou nenhuma de ambas subordens; (2) para o tamanho de asas 

existe uma relação inversamente proporcional para a subordem Zygoptera, porém não 

observada em Anizoptera e toda a ordem; (3) a assimetria está inversamente relacionada 

ao teor de massa muscular, porém novamente apenas para a subordem Zygoptera; (4) a 

assimetria não demonstrou relação com o teor de gordura corporal para nenhuma dos 

testes realizados; (5) no geral a assimetria não demostrou relação alguma com fatores 

comumente relacionados ao “fitness” para a subordem Anizoptera, e demostrou em 

Zygoptera relações apenas em caracteres relacionados a performance de voo.   

Adicionalmente, fizemos testes para assimetria e massa muscular nas cinco 

espécies mais abundantes capturadas, três da subordem Anizoptera e duas de Zigoptera, 

para comparar os resultados obtidos em suas respectivas subordens. Os mesmos 

resultados foram encontrados para todas as espécies menos Morfotipo 2 de Zygoptera, 

que não apresentou relação de massa muscular com assimetria. No entanto a espécie é a 

que possui o maior tamanho de asa médio de todas as observadas, o que confere com o 

teste realizado para tamanho de asas em que as espécies com maiores asas são as menos 

afetadas pela assimetria.  

Como o tamanho corporal não apresentou influência na assimetria flutuante, 

sugerimos que o estresse ambiental possa não ser suficientemente forte para influenciar o 

tamanho corporal das espécies da comunidade, ou que nossos testes não possam avaliar 
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pequenas variações existentes. Como a assimetria é diretamente ligada à capacidade 

gênica de regulação de crescimento, também há a possibilidade do caractere apenas não 

estar inserido em uma área do código genético com influência no efeito de assimetria.   

A não relação entre gordura corporal para nenhum dos testes pode ser considerado 

um indicador de bem estar dos indivíduos enquanto na forma adulta. A literatura informa 

que próximo ao fim dos processos ontogenéticos, as reservas de gordura são exauridas na 

formação das últimas estruturas após a emergência dos indivíduos para o estágio adulto. 

Sendo assim, reservas de gordura encontradas são provenientes apenas do obtido em 

atividade durante a vida adulta e podem ser consideradas como indicadores de bem estar 

animal. Neste caso a relação da assimetria com gordura corporal apenas se daria de forma 

indireta, em que a assimetria de caracteres possa influenciar a capacidade do indivíduo 

de obter energia e acumular reservas de gordura corporal. Como isso não foi observado, 

inferimos que nenhum dos indivíduos coletados estava sob esse tipo de estresse.   

Para ambos os resultados de tamanho de asas e teor de massa muscular no tórax, 

compostos majoritariamente de músculos de voo, a relação negativa entre esses caracteres 

e a assimetria flutuante indica uma possível instabilidade sobre caracteres de desempenho 

de voo. Como testes apenas demostraram essa relação para a subordem Zygoptera, é 

possível que este resultado esteja ligado a diferenças fisiológicas e morfológicas 

relacionados ao voo entre as subordens. Um exemplo morfológico disto reside no fato da 

anatomia de asas de Anizoptera lhe conferir um menor ângulo de batimento de asas 

durante o voo que para a Zygoptera. Esta diferença de ângulo obriga Anizoptera a possuir 

um ritmo de batimentos de asa maior que o dobro apresentado por Zygoptera, e confere 

também mais precisão de voo e agilidade de manobras. Sabendo disto, apresentamos a 

hipótese que as diferentes pressões sobre o voo das subordens possam apresentar 

diferentes resultados na estabilidade genética na formação destes mesmos caracteres. No 

caso, possivelmente Anizoptera pode já ter sido submetida a uma seleção estabilizadora 

para assimetria em caracteres de voo.    
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