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Abstract. The increasing consumption of natural resources due to population growth, and the expansion of agricultural activity 

have a major impact on freshwater ecosystems. The aim of this study was to verify if possible changes in habitat condition and 

physical-chemical variables due to different land uses are reflected by changes in Odonata assemblages. In order to do that, we 

evaluated the conservation status of the riparian zone and the physicochemical parameters of stream waters affected by different 

degrees of anthropogenic impact, and assessed richness and variation in species composition, testing for potential indicator species 

of habitat quality. The riparian index allowed the differentiation of three habitat condition categories: conserved, intermediate and 

degraded. No significant differences were found in species richness between the three conservation states, but it was possible to 

discriminate between the communities present. Four species showed potential as habitat quality indicators that can serve as 

biomonitors in future strategies of stream management and conservation. 
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Introduction 

 

The increasing consumption of natural resources causes 

fragmentation, habitat loss and has a major impact on 

freshwater ecosystems by modifying watercourses, altering 

their hydrological regime and causing decreases in water 

quality (Bedient et al. 1994, Hooda et al. 2000, Ometo et al. 

2000). The different land uses practices usually extend to the 

margins of the streams, without considering the recom-

mended buffer zones and prohibitions of national and inter-

national legislations and policies aiming their conservation. 

Streams are frequently used as paths to eliminate various 

types of waste (domestic, sewage, industrial, etc.), resulting 

in their consequent contamination. In addition, river banks 

are often affected by the urbanization process and housing 

developments, causing landscape modifications, including 

the broadening and diversion of rivers, construction of artifi-

cial dams, lagoons or the interruption of channels (Troitiño 

et al. 2010). The same happens in rural contexts, where the 

streams are frequently used as a waste sink and by the live-

stock taken to water, aside from the increased use of pesti-

cides and fertilizers.  

The loss of riparian vegetation is a common result of 

human activities: increasingly larger areas are assigned to 

agriculture and livestock farming, urban growth and indus-

trial development. It is well known that the riparian zone is 

effectively protecting the fluvial system (Troitiño et al. 2010). 

A conserved margin reduces the erosion, diminishes the in-

filtration of sediments and other pollutants, and contributes 

to the maintenance of the autochthonous communities acting 

as a wildlife corridor (Kauffman & Krueger 1984, Zweig & 

Rabenni 2001, Sparovek et al. 2002). On the other hand, the 

removal of the riparian vegetation has a negative effect on 

the inflow of organic matter that constitutes the primary 

source of energy in rivers food chains (Delong & Brusven 

1994, Pozo et al. 1997). All these modifications result, in most 

cases, in the reduction of diversity, affecting in various  ways 

the biological communities, sometimes leading to the loss of 

species sensitive to environmental change (Carvalho et al. 

2013, da Silva Monteiro et al. 2013, Juen et al. 2014).    

The continued growth of agricultural activity and the in-

crease of human population worldwide makes every issue 

related to the conservation of streams a research priority. 

Although physicochemical indicators are widely used in 

environmental monitoring due to the ease of sampling pro-

cedures and standardization, among other things, there are 

certain limitations related to the high cost of analyses and 

the increase in the abundance and types of polluting prod-

ucts that may hinder the evaluation (Li et al. 2010, Springer 

2010). In this sense, biological indicators emerge as a way to 

complement physicochemical indicators and to overcome 

their limitations. Additionally, they provide tools that allow 

us to understand how the environment and stress-impact 

factors influence species dynamics (Karr 1981, Heino et al. 

2015). This kind of analysis is being implemented with sev-

eral organisms, however studies are still scarce, taking into 

account the diverse hydrography and the lack of protection 

of aquatic ecosystems (Vörösmarty et al. 2010). Research on 

the use of abiotic indicators and their possible influence on 

aquatic fauna is an effective measure to foster the manage-

ment and conservation of streams and adjacent areas (Juen et 

al. 2016, Calvão et al. 2018). 

Odonata species are valuable tools for conservation and 

monitoring restoration programs; they have proven to be 

useful bioindicators of environmental quality (Clark & 

Samways 1996, Simaika & Samways 2009, Monteiro-Júnior 

et al. 2014, Miguel et al. 2017, Rocha et al. 2019, Suárez-Tovar 

et al. 2019), and they are being used in many ecological stud-

ies (Sahlén & Ekestubbe 2001, Koch et al. 2014, Renner et al. 

2016a, May 2019). These insects present a life cycle that 

makes them suitable to reflect measures of habitat quality in 

both aquatic and terrestrial environments. In their larval 

stage, development occurs in water, and after several molts, 

an adult capable of flying emerges (Corbet 1999). The as- 
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Figure 1. Study area and sampling sites evaluated in southern Misiones, Argentina, 2016-2017. 
 

 

sembly of adult odonates is usually influenced by the physi-

ognomy and vertical stratification of the marginal vegetation 

and the presence of aquatic plants (Clark & Samways 1996, 

Hofmann & Mason 2005), since these are parameters related 

to habitat selection and oviposition sites (Corbet 1999). Mar-

ginal vegetation also regulates local microclimatic conditions 

(Moore et al. 2005, Carvalho et al. 2013, Rodrigues et al. 

2016), and sunlight is one of the determining factors in the 

behavior of the odonates due to their thermoregulation 

strategies (De Marco & Resende 2002, De Marco et al. 2015). 

The order Odonata is represented by two suborders in 

the Neotropical region, Zygoptera and Anisoptera. Broadly, 

Zygoptera are small species, mainly classified as thermal 

conformers (Corbet 1999, Mckay & Herman 2008). Anisopte-

ra on the other hand, are usually medium-to-large size spe-

cies, classified as heliothermic, although exceptions are 

common and some are thermal conformers or endothermic 

species (Corbet 1999, De Marco & Resende 2002). While the 

limits in this regard are not always clear for all species, the 

two suborders are usually treated separately in ecological 

studies. It has been demonstrated that different eco-

physiological requirements may determine odonate species 

distribution (De Marco et al. 2015), and it is expected that 

larger species replace smaller ones (e.g. zygopterans re-

placed by anisopterans) when small stream riparian vegeta-

tion is altered or degraded (Pereira et al. 2019).  

Our objective in this study was to verify if, in different 

types of land use gradients, possible changes in habitat con-

dition and physical-chemical variables are reflected by 

Odonata assemblages. Our first hypothesis was that altered 

streams present higher Anisoptera richness compared to 

streams in pristine areas, because several species are oppor-

tunistic, with thermoregulatory abilities (May 1979, De 

Marco et al. 2015) and larger body size (De Marco et al. 

2015), which make them less sensitive to the riparian vegeta-

tion loss than Zygoptera (Clark & Samways 1996, Corbet 

1999, Dolný et al. 2012, Oliveira-Junior et al. 2017). We also 

expected to find bioindicator species of habitat quality that 

can serve as biomonitors in future stream management and 

conservation strategies. 
 

 

Material and Methods 

 

Study area 

The study was carried out in the southern range of the Misiones 

province (Figure 1).  This area corresponds to the “Campos y 

malezales” ecoregion. It is an ecological transition among the limit-

ing ecoregions: Selva Paranaense to the northeast, Esteros del Iberá 

and Espinal to the southwest (Matteucci 2012). This location, with 

the influence of different biogeographical areas, favors the presence 

of a rich fauna including several regional threatened species like 

manned wolf and pampas deer (IUCN 2015). The landscape is con-

stituted of pastures and grasslands with isolated forests patches. In 

addition, a dense canopy forest is accompanying the fluvial courses. 

The climate is subtropical humid, with uniform rainfall throughout 

the year, between 1500-1700 mm annually (Cabrera 1994, Matteucci 

2012). The literature dealing with this region reports a great floristic 

diversity due to its peculiar condition of humidity and temperature 

(Cabrera 1994). Despite this, it is the least protected region of the 

country (Chebez 2006) and at the same time one of the most threat-

ened because of its small area, increasing forestation with exotic spe-

cies (mostly Pinus sp.) and agriculture.  

For our study, we selected the most typical land use types of the 

region: urban, plantation/livestock farming, forestry, and natural re-

serve areas as pristine sites. Three streams (up to 3 m wide) for each 

type of land use were selected with the activity ongoing at the site 

for at least the last 7 years, considering that there was no interference 

with other activities and access availability. The data obtained from 

the two assessments (one during spring and one during summer) 

performed at each site were combined to capture as much of the bio-

diversity as possible in every site. 

 

Data collection 

Species survey: The collection of adult male Odonata was carried out 

with aerial nets between 9:00 and 15:00 hrs., which correspond to the 
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period of greatest activity (Corbet 1999). Each site was visited once 

on November of 2016 and on February of 2017. Adult females were 

not captured since they are difficult to identify and are hardly found 

on riverside territories that are usually held by the males (Corbet 

1999). In order to determine the abundance and species richness, the 

Odonata were captured at each site, along 10 transects (10m × 1m) 

parallel to the riverbank (Simaika & Samways 2009). The insects 

were identified using taxonomic keys (von Elenrieder & Muzon 

1999, Costa et al. 2002, Garrison 2006, von Elenrieder & Garrison 

2007, Garrison et al. 2010) and reference collections gently provided 

by Dr. Muzón from “Laboratorio de Biodiversidad y Genética Ambi-

ental (BIOGEA, UNDAV, Avellaneda, Buenos Aires, Argentina)”. 

Those specimens that could not be identified at a species level were 

morphotyped.  

Habitat condition analysis: Stream integrity was measured based 

on Nessimian Habitat integrity index (HII) (Nessimian et al. 2008) 

that focuses on the structural characteristics of the environment in 

riparian zones (Table 1). Each structural variable is composed of 12 

items that assess (i) the land use pattern in the area outside the cili-

ary forest, (ii) the width and (iii) degree of preservation of the ciliary 

forest, (iv) condition of the riparian forest within a 10 m distance, (v) 

retention devices, (vi) channel sediments, (vii) bank structure, (viii) 

undercutting, (ix) stream bed (x) areas of rapids, pools and mean-

ders, (xi) aquatic vegetation and (xii) debris. For the index calcula-

tion, the different variables were weighted according to the scale 

used in each case. The weighted values were used to calculate the fi-

nal index for the stream that represents the averaged features. The 

index ranges from 0 to 1 and is proportional to the integrity of the 

habitat.  

Environmental variables were also measured, since they are also 

altered by the different land use practices (Troitiño et al. 2010) and 

may affect Odonata larval development (Corbet 1999). Water tem-

perature was determined with a digital thermometer (WT-1), con-

ductivity was recorded using a portable waterproof potentiometer 

meter (JENCO 6350). A water sample was taken once at each site for 

turbidity and nitrates determinations. These analyses were per-

formed by “Programa de Efluentes Indutriales y Urbanos” laborato-

ry (FCEQyN-UNaM, Misiones, Argentina). 

 

Data analysis  

To perform the ordering and explore for the main components that 

structure each type of environment a principal component analysis 

(PCA) was performed with the HII index and environmental param-

eters. The broken-stick criterion was used to select the number of ax-

es used in the ordination. Environmental parameters were first nor-

malized to mean 0 and variance 1, to allow comparison. The differ-

ences in the variables among the conservation states were tested us-

ing the axis scores with Kruskal-Wallis test. According to this, the 

streams classified as conserved in this study have a habitat index 

above 0.8, intermediate sites are between 0.5 y 0.8 and the degraded 

ones have an index under 0.5. All analysis were performed using the 

Past3 software (Hammer et al. 2001). 

To evaluate the hypothesis of low diversity in degraded habitats, 

species richness was determined based on a first-order jackknife es-

timator resampling in the Software EstimateS (Collwel 2000), using 

1000 repetitions to build a rarefaction curve. The Kruskal Wallis test 

was used to evaluate differences between the habitat condition cate-

gories (conserved, intermediate or degraded) for Odonata communi-

ty and for each suborder separately. The variation in species compo-

sition on different conservation states was explored with a principal 

coordinate analysis (PCoA) from a Log-transformed matrix of spe-

cies abundance.  

In order to test for potential indicator species of the three habitat 

condition categories (conserved, intermediate and degraded), the In-

dicator Value method (IndVal) was used (Dufrene & Legendre 1997). 

This index is calculated by estimating specificity and fidelity of each 

species to a given habitat condition. Significance values were ob-

tained from a Monte Carlo randomization test, using 10,000 repli-

cates. All analyses were run in the R software (R Development Core 

Team 2011) using the Species, Vegan and Indicspecies packages (De 

Caceres & Legendre 2009, Ji-Ping 2011, Oksanen et al. 2012). All 

analyses were conducted at 5% significance level.  

 

 

Results 

 

The first PCA component explained 59.15% of the abiotic pa-

rameters variation and was negatively correlated with HII 

index and turbidity, opposite to nitrates concentration and 

water temperature that were positively correlated (Table 1). 
 

Table 1. HII parameters and environmental variables used for de-

termination of habitat condition and their contribution to the 

load of the first component of the PCA analysis. 
 

HII and environmental variables 
Loadings 

PC 1 PC 2 

HII index -0.521 0.066 

N-nitrates 0.459 -0.009 

Turbidity -0.447 0.444 

Water temperature 0.482 -0.041 

Conductivity 0.289 0.892 

% Eigenvalue 2.958 0.878 

% variance 59.152 17.571 

 

 

Significant differences (H=8.69, p < 0.01) were found be-

tween the habitat condition categories (conserved, interme-

diate and degraded) and between each pair of categories (p 

< 0.05).  

The intermediate condition sites showed greater variabil-

ity regarding these parameters (Figure 2) since they corre-

spond to rural areas of agricultural, livestock farming or for-

estry use. This sites present diffuse limits of the riparian 

zone, with moderate transit on the banks of the stream and 

vegetation dominated by grasses, shrubs and isolated trees. 

The scarce aquatic vegetation is represented mainly by Pon-

deria cordata, Eryngium paniculatum and Scirpus sp. The con-

served habitat condition corresponds to sites within local 

and national reserves, presenting restricted human activities, 

little channel widening (minor to no erosion) and natural 

riverbank with all three layers of vegetation present that 

provides abundant shady area on the stream, which could be 

related to the lower water temperature (Table 2). The de-

graded condition corresponds to urban areas with high hu-

man activity, deteriorate margins and widening of the chan-

nel due to erosion. River vegetation is almost absent, with 

pastures (where Paspalum sp. predominates) and few trees or 

shrubs, resulting in higher exposure to sun light. These sites 

also have a high concentration of nitrates (Table 2).  

Forty-two species of odonates were collected during the 

sampling. Twenty-three species correspond to Zygoptera 

(430 individuals) and 19 to Anisoptera (85 individuals). 

There is a small variation in estimated species richness be-

tween the three habitat condition states, but no significant 

differences were found for Odonata richness, nor for each 

suborder separately (Figure 3). PCoA shows the variation of 

the odonatan community according to condition states (Fig-

ure 4), capturing 52% of the total variance in two coordi-

nates.  

The most widely distributed Zygoptera species were He-

taerina rosea and Peristicta aeneovidridis, both found in ten of  
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Table 2. Habitat integrity index (HII) and environmental parameters measured in every site. 
 

Conservation state Land use Sites 
HII  

index 

N-nitrates  

(mgN/L) 

Turbidity  

(NTU) 

Water  

temperature (ºC) 

Conductivity  

(uS/cm) 

Conserved reserve 1 0.980 0.63 14.00 22.10 38.95 

2 0.922 0.48 29.00 23.80 9.25 

3 0.985 0.58 39.00 21.00 132.80 

Intermediate forestry 4 0.510 0.45 9.90 21.50 32.28 

5 0.623 0.96 11.00 26.20 35.57 

6 0.579 0.34 13.00 23.80 330.50 

plantations/  

livestock farming 

7 0.556 0.65 10.00 21.30 44.66 

8 0.573 0.65 12.00 24.00 9.27 

9 0.679 0.53 25.00 20.80 73.39 

Degraded urban 10 0.372 1.89 3.10 30.60 145.10 

11 0.345 1.20 7.70 28.00 237.50 

12 0.282 2.40 14.00 24.70 178.70 

 

 

    
 

Figure 3. Estimated species richness 

by first-order jackknife estimator, 

representing the determined con-

servation states of streams. 

Figure 2. Principal components 

analysis of the HII and environ-

mental variables considered, rep-

resenting the sites on the different 

land uses. 
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Figure 5. Relative abundance of Anisoptera (A) and Zygoptera (B) 

species according to habitat condition of the evaluated streams. 
 

 

the twelve sites evaluated, in all conservation classes, while 

the most widely distributed Anisoptera species was Erythro-

diplax atroterminata, collected in six sites and all conservation 

classes. On the other hand, Telebasis willinki, Perithemis  

Table 3. Indicator values (IndVal) for Odonata species collected  

in the streams. 
 

Species habitat condition IndVal pvalue 

Argia croceipennis conserved 0.980 0.021 

Argia albistigma conserved 0.933 0.005 

Oxyagrion basale degraded 0.932 0.007 

Acanthagrion lancea degraded 0.762 0.017 

 

 

mooma and P. icteroptera were found exclusively in the de-

graded environment. Hetaerina sp1 and Brechmorhoga sp2, 

were exclusive of conserved environments (Figure 5). Four 

species of Zygoptera were classified as potential indicators 

of habitat condition. Argia croceipennis and A. albistigma were 

characteristic of conserved streams. Oxyagrion basale and 

Acanthagrion lancea for degraded sites (Table 3). 

 

 

Discussion 

 

Three habitat conservation states were discriminated accord-

ing to the habitat integrity index HII and the environmental 

parameters, consistent with the degree of anthropogenic al-

teration. The main differences between these states were 

given by HII so the land uses have a great influence on ripar-

ian zone conservation. This has direct impact on the physi-

cochemical variables of the water, such is the temperature, 

which also differed between the condition states. These dif-

ferences can affect the species assembly due to the fact that 

the odonates respond differently to stream physiognomy 

and vertical stratification of marginal vegetation, as both 

oviposition and perching sites requirements are associated 

with microclimatic conditions (Corbet 1999, Carvalho et al. 

2013, Rodrigues et al. 2016). Habitats in conserved state pre-

sent detritus consisting of leaves and wood due to the abun-

dant riparian vegetation, which may explain the elevated 

turbidity values of these sites (Li & Liu 2018). On the other 

hand, in the degraded habitats there is no riparian forest, but 

only mixed grasses and sparse pioneer trees present, and the 

main feature is the high concentration of nitrates due to ur-

ban discharges. For rural environments, there is a greater 

variation between the sites because of the different intensity 

of agricultural activity: some degree of riparian cover, differ-

Figure 4. Principal coordinates analy-

sis of odonata species collected in 

streams affected by different land 

uses. Eigenvalue first and second co-

ordinate: 0.8 and 0.52 respectively. 
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ent grazing intensity, etc., but all of them have intermediate 

characteristics to those described above.  

Species richness did not differ between habitat categories 

in our study. This may be caused by the fact that several 

odonate species are good dispersers and usually have a gen-

eralist distribution pattern (Nobrega & De Marco Junior 

2011, Renner et al. 2016b, Calvão et al. 2018, Šigutová et al. 

2019). Our study area is located in the ecoregion of “campos 

y malezales” and the canopy forest on the streams continues 

with grassland areas, typically inhabited by Anisoptera. So 

despite the variation of environmental conditions, the simi-

larity in Anisoptera richness in degraded and their presence 

also in conserved environments could be explained due to 

this habitat heterogeneity and the dispersal capacity of these 

individuals. In fact, the number of Anisoptera species typical 

of forested habitats (e.g. Castoraeschna) was low compared 

to species that showed wider habitat preferences. The differ-

ences between conservation states were evident in terms of 

the community composition, and four species showed po-

tential as indicators of habitat quality: Argia croceipennis, A. 

albistigma, Oxyagrion basale and Acanthagrion lancea (Table 3). 

Argia croceipennis and A. albistigma were indicators of habi-

tats in conserved condition, these species share habitat fea-

ture requirements such as rocks and submerged vegetation 

among which the larva lives; wooded riverbank with rocks 

and logs on which the adult perches, and aquatic vegetation 

in which the female oviposit (Garrison et al. 2010). It is ex-

pected of Zygoptera species to be indicators of conserved 

environments, since they are known to be more sensitive to 

microhabitat requirements (Carvalho et al. 2013, De Marco et 

al. 2015), to the characteristics of streams (Monteiro Júnior et 

al. 2015, Oliveira-Junior et al. 2015) and to the presence of 

plant structures for endophytic oviposition (De Marco & 

Resende 2002, Resende & De Marco Jr. 2010). However, there 

are some Zygoptera species that do not require the protec-

tion provided by the canopy cover, as is the case of Acantha-

grion lancea and Oxyagrion basale. In our study, these species 

had great fidelity and specificity to degraded habitat condi-

tions, and species of these genera establish themselves at 

streams with slow current (de Assis et al. 2004), marginal 

vegetation composed of grasses on which the adult settles, 

and floating plants or masses of algae where the female ovi-

posit (Fulan & Henry 2007, Garrison et al. 2010, Dutra & De 

Marco 2015). These features are present in degraded envi-

ronments (Bleich et al. 2015) and therefore, they may have 

taken advantage of the changes provoked by the urbaniza-

tion process. This has been proposed before in a study of ur-

ban impacts where species of the genus Erythrodiplax, typical 

of lentic systems, appear as bioindicator of disturbed habi-

tats (Monteiro Júnior et al. 2015). In terms of intermediate 

environments, there are no specific indicators, but rather a 

mixture of the species present in the communities of the two 

extremes (degraded and conserved), and species that have 

some tolerance to anthropogenic alterations or a wider 

niche, such as Hetaerina rosea, Erythrodiplax fusca, Acanthagri-

on gracile (Dutra & De Marco 2015, Calvão et al. 2018). Alt-

hough we found exclusive species of intermediate environ-

ments (see Figure 4), they were found in low numbers and 

only in some sites, so they do not match an indicator species. 

Our data show coincidences with other works carried 

out in the subtropical region. For example, it has been re-

ported that Acanthagrion and Oxyagrion are good indicators 

of impacted areas and streams with no shading (Dutra & De 

Marco 2015, Calvão et al. 2018). Argia reclusa has also been 

associated with impacted environments, and in our study it 

has been found only in a degraded environment (Dutra & 

De Marco 2015). Erythrodiplax fusca was found as indicator of 

degraded environments on several occasions (Dutra & De 

Marco 2015, Monteiro Júnior et al. 2015, Oliveira‐Junior et al. 

2015, Calvão et al. 2018); in our case, this species presents a 

wide distribution including the conserved environments. 

Heteragrion was indicator of conserved habitat conditions 

(Monteiro Júnior et al. 2015, Oliveira-Junior et al. 2015) but 

we also found it in some places affected by agriculture that 

had, nevertheless, abundant shaded areas. Argia mollis was 

not found in our conserved condition habitats, besides it has 

been associated to this type of habitat before (Calvão et al. 

2018) and was found also in other habitat conditions in this 

study. Finally, coincident with our study, Monteiro Junior 

(Monteiro Júnior et al. 2015) detected an Argia species as in-

dicator of conserved environments. 

There are some advantages for the use of Odonata as bio-

indicators, such as the simplicity to evaluate a single or sev-

eral sites very quickly. Unlike water analyzes, Odonata sur-

veys are inexpensive and do not require special treatment or 

care when transporting samples to the laboratory. In fact, 

with a little training, most of the identification can be per-

formed in the field. This is also one of the advantages of us-

ing adults for the study. The capture of larvae is usually 

more laborious and the identification is difficult, and even 

though generic keys for the Neotropical region are now 

available (e.g. Neiss & Hamada 2014, Neiss et al. 2018), only 

about 75% of the genera and a much lower percentage of 

species have been described, and the identification of early 

stages is almost impossible (Pessacq et al. 2018). Moreover, 

the correspondence between larvae and adult communities 

has already been proved significant in other studies (Valente 

Neto et al. 2015, Mendes et al. 2017). The analysis of the 

adult Odonata community combined with riparian analysis 

is an effective and low cost tool for determining habitat qual-

ity. Nevertheless, it should be noted that not all parameters 

used as indicators were useful in this area. Unlike other 

works (Monteiro Júnior et al. 2015, Miguel et al. 2017, Calvão 

et al. 2018) species richness did not show significant differ-

ences between condition states. This suggest that a previous 

study in every region is necessary to understand the degree 

of discrimination that the Odonata community can reach. 

We are aware that the number of specimens and sites is still 

low to make a complete analysis about community structure 

in different land uses and habitat quality, but this data could 

be considered as a preliminary evaluation for this ecoregion.  

Our data reinforces the concept that human disturbance 

alters riparian vegetation and leads to a loss of environmen-

tal quality, consequently altering the Odonata community. It 

also contributes to the knowledge of the diversity of Odona-

ta in the “campos y malezales” ecoregion. The recovery and 

protection of these ecosystems is a priority due to the expan-

sion of economic activities in an ecoregion of limited exten-

sion. Degradation of aquatic habitats may be reduced by the 

maintenance of riparian vegetation and urban planning to 

avoid unregulated urbanization, and thus prevent local ex-

tinctions of Odonata species.  
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