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Differences in land use modify Odonata assemblages in the 
Cerrado-Caatinga ecotone

Diferenças no uso do solo modificam a estrutura das assembleias de Odonata (Insecta) 
no ecótono Cerrado-Caatinga
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Abstract: Aim: The present study tested the hypothesis that the composition of the odonate 
assemblages in environments with greater habitat integrity is significantly different from that of 
areas with reduced habitat integrity. Methods: The samples were collected between April 2017 and 
November 2017 in eight streams in Caxias, in the Brazilian state of Maranhão. The habitat integrity 
index was used to quantify habitat integrity. The odonate specimens were collected by the fixed area 
scanning method. Results: The habitat integrity index ranged from 0.265 to 0.915 at the different 
localities. A total of 229 specimens were collected, representing 19 odonate species. Species composition 
varied among streams that presented different degrees of conservation, with some species being typical 
of specific habitats. However, this variation had no effect on the number of taxa or the abundance 
of odonates, which may reflect the local substitution of extinct specialist species by generalists. 
Conclusions: Evidence indicates that the reduction of habitat integrity is an important predictor of 
changes in the biodiversity of aquatic insects in streams such as those of the Cerrado-Caatinga ecotone. 
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Resumo: Objetivo: O presente estudo testou a hipótese de que a composição das assembleias de 
Odonata difere entre os riachos com maior integridade de habitat em relação aos de menor integridade. 
Métodos: As amostras foram coletadas entre abril de 2017 e novembro de 2017 no período de estiagem, 
em oito córregos em Caxias, Maranhão. O índice de integridade do habitat foi usado para quantificar 
a integridade do habitat. Os espécimes de Odonata foram coletados pelo método de varredura de área 
fixa. Resultados: O índice de integridade do habitat variou de 0,265 a 0,915 nos diferentes riachos. 
Um total de 229 espécimes foram coletados, representando 19 espécies Odonata. A composição das 
espécies variou entre os riachos que apresentaram diferentes graus de conservação, sendo que algumas 
espécies foram específicas para cada tipo de habitat. No entanto, esta variação não teve efeito sobre a 
riqueza de espécies ou a abundância de Odonata, o que pode refletir a substituição local de espécies 
especialistas por generalistas. Conclusões: As evidências indicam que a redução da integridade do 
habitat é um importante preditor de mudanças na biodiversidade de insetos aquáticos em riachos 
como os do ecótono Cerra-Caatinga. 
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habitat degradation on aquatic fauna (De Marco 
Junior et al., 2015; Miguel et al., 2017).

Therefore, with increasing human pressure 
on tropical ecosystems, it is necessary to evaluate 
and monitor how differences in land use and 
landscape influence the biological diversity of these 
environments (Oliver et al., 2016; Newbold et al., 
2015). One analytical strategy is the use of indices 
to quantify the effects of land use on environmental 
conditions (Peck  et  al., 2002; Kaufmann  et  al., 
1999; Karr et al., 1986). The Habitat Integrity Index 
(HIII), formulated by Nessimian et al. (2008), is 
a metric that assesses the influence of land use and 
occupation on the water quality of streams within 
the drainage basin (Veras et al., 2019) and has been 
widely used in ecological assessments (Brasil et al., 
2014; Carvalho et al., 2013b; Pereira et al., 2012; 
Souza et al., 2011).

Several ecological studies have been carried out 
with Odonata in Amazon biomes (Chen  et  al., 
2017; Correa et al., 2015; Oliveira‐Junior et al., 
2015; Couceiro et al., 2007), there are also several 
others for the Cerrado (Cabette  et  al., 2017; 
Brasil  et  al., 2014; Juen  et  al., 2014), however, 
for the Cerrado‑Caatinga ecotone there are large 
Hutchinsonian, Linnean and Wallacean gaps 
(Bastos et al., 2019; De Marco & Vianna, 2005). 
Thus, in the present study, we tested the hypothesis 
that the odonate assemblages of environments with 
higher habitat integrity have distinct species richness, 
composition, and abundance in comparison with 
areas that have lower habitat integrity. As more 
conserved areas are characterized by greater 
environmental heterogeneity, they should have 
more specialist species, whereas areas with reduced 
habitat integrity will tend to have more generalist 
species (De Marco Junior et al., 2015; Juen, 2006).

2. Materials and Methods

2.1. Study area

The study was conducted in the municipality 
of Caxias, Maranhão (Brazil), which has an area of 
531,350 ha, and is located in the eastern extreme 
of the state (Table  1) (Fernandes  et  al., 2010). 
The  climate is hot and humid equatorial with 
maximum temperature of 38.3 °C, minimum of 
21.2 °C, and annual rainfall of 1200-1300 mm. 
The  region has two well-defined seasons, a rainy 
season that coincides with the austral autumn 
and a dry season in the austral spring (Siqueira & 
Henry‑Silva, 2011). The region is a Cerrado-Caatinga 
ecotone, whose predominant phytophysiognomy is 
seasonal deciduous forest (Lima et al., 2016), also 

1. Introduction

In the tropics, the decrease in habitat integrity is 
an important driver of changes in the environmental 
quality of river basins, and this variable is correlated 
with the riparian forest loss (Veras  et  al., 2019; 
Carvalho  et  al., 2013a; Nessimian  et  al., 2008). 
By generating changes in the physical characteristics 
of the habitat, and the hydrology and quality of 
the water of rivers and streams, drastic changes in 
the aquatic biota cause a reduction of biological 
diversity in these ecosystems (Chen  et  al., 2017; 
Juen  et  al., 2016; Nessimian  et  al., 2008). This 
biodiversity loss threatens important ecosystems 
services, such as nutrient cycling, energy transfer 
along the food chain (Colas et al., 2017; Scott et al., 
2012), and the self-purification of water, which 
guarantees the quality of this important resource.

Human activities that reduce or alter riparian 
forests and modify the physical structure of the 
habitat have a direct influence on the species 
richness and composition of a number of different 
groups of organisms (Cabette  et  al., 2017; 
Cunha & Juen, 2017; Oliveira-Junior  et  al., 
2017; Correa  et  al., 2015). In this context, the 
use of sentinel organisms or bioindicators of 
environmental quality (Ghannem  et  al., 2018; 
Shaiek  et  al., 2018; Galindo-Pérez  et  al., 2017), 
such as insects of the order Odonata, is essential for 
the assessment of environmental impacts and the 
prioritization of conservation areas (Miguel et al., 
2017; Nóbrega & De Marco Junior, 2011).

In the world, the order Odonata is subdivided 
into three suborders Anisoptera, Zygoptera and 
Anisozygoptera and in the Neotropical region 
only the first two occur which have distinct 
ecophysiological requirements for thermoregulation 
(De Marco Junior  et  al., 2015; Miguel  et  al., 
2017; Carvalho et al., 2013a;  Trueman & Rowe, 
2009). Anisopterans usually have medium to 
large bodies and regulate body temperature either 
endothermically using the heat produced by the 
muscles of the wings, ectothermically (heliothermic 
forms) or by thermal shaping (May, 1976). 
The zygopterans, by contrast, are small to medium 
sized, and regulate body temperature mainly by 
ectothermic mechanisms, that is, by changing 
the heat of their body in response to the ambient 
temperature (De Marco Junior et al., 2015). Because 
of these ecophysiological differences, the structure 
of the community may be altered in relation to 
pristine environments, that decrease their shading 
areas. Thus, Anisoptera and Zygoptera are very 
useful as bioindicators, assessing the impact of 
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features rural landscape, savanna and seasonal 
tropical scleromorphic and semideciduous forests 
(Correia Filho  et  al., 2011). The principal land 
use is agriculture, while urbanization expanded 
significantly from the 1990s onwards (Neto, 
2015; Silva & Conceição, 2011). The streams 
in this study vary in depth from 18 to 97 cm 
(51,875 ± 33,399 cm), the width varied from 
124 to 319 cm (152,274 ± 76,857 cm), with speed 
between 0 to 0.37 cm/s, (0.244 ± 0.130) and flow 
rate ranging from 0 to 0.98 m3/s (0.313 ± 0.320m3/s) 
(Veras et al., 2019).

2.2. Data collection

Samples were collected between April 2017 
and November 2017 (dry season) at eight first 
to third order streams, based on Strahler (1957) 

classification, in different land use, based in IBGE 
Land Coverage and Use Map of Brazil (IBGE, 
2016). Each stream was visited once during the 
study period, this period that shows greatest stability 
of the climate conditions of the region and of the 
physical and chemical conditions of the river basin 
(Figure 1).

The scanning in fixed areas technique, which 
has been used successfully in previous studies (Juen 
& De Marco, 2011), was used for the collection 
of adult odonates, which were captured in an 
entomological net. At each stream, a 100-meter 
stretch was divided into 20 5-m segments, with 
each segments being sampled for an average of one 
hour. The 20 segments sampled in each stream 
are pseudoreplicates designed to estimate species 
richness reliably and increase the efficiency of the 

Table 1. Odonate species collected in the streams sampled in the municipality of Caxias, Maranhão (Brazil).

Riachos Inhamum Soledade Sumidouro Areia 
Branca Lamego São 

José Sanharó Cocos Mean

Depth(cm) 75 97 88 68 18 19 25 25 51.875
Wipth(cm) 191 274 149 134 124 319 193 150 191.75
Velocity (cm/s) 0.29 0,37 0.35 0.35 0.11 0.22 0.26 0 0.244
Discharge(m3/s) 0.42 0.98 0.46 0.32 0.02 0.16 0.14 0 0.313
IIH 0.887 0.915 0.915 0.811 0.303 0.316 0.684 0.265 0.637
Coordenadas X: -43,5853 -43,4628 -43,5619 -43,4858 -43,4386 -43,3997 -43,4642 -43,4417

y: -5,0367 -5,0075 -4,9614 -5,0372 -5,1375 -4,9019 -4,8972 -4,9236

Figure 1. Samples units (streams) of the Itapecuru basin in the municipality of Caxias, Maranhão (Brazil) in the 
present study. Streams: Areia Branca (ABC), Cocos (COC), Inhamum (INH), Lamego (LAM), São José (SJS), 
Sanharó (SAN), Soledade (SOL), Sumidouro (SUM).
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sampling protocol. Each stream was considered 
a sample unit for the analyses. As the research 
question was spatial, and not temporal, a total of 
eight samples were collected (Juen et al., 2014).

The HII was applied in the same stretches in 
which the odonates were sampled, this index is 
composed of 12 items, with 4–6 alternatives that 
represent different environmental conditions found 
in both the stream bed and the area adjacent to it. 
The index generated from these scores varies from 
zero (most degraded) to one, i.e., most conserved 
and is provided by the mean value of these scores 
relative to the number of items analyzed (Juen et al., 
2014; Carvalho  et  al., 2013b; Nessimian  et  al., 
2008).

The collection and conservation of the specimens 
followed the recommendations of Lencioni 
(2006), and taxonomic keys (Garrison, 2010; 
Garrison et al., 2006; Heckman, 2006; Lencioni 
2005, 2006), were used to identify the species and 
morphospecies.

2.3 Data Analysis

To determine the sample sufficiency of the study, 
we built a species accumulation curve, for that, we 
used the first order non-parametric richness estimate 
Jackknife. This method estimates the variability 
in the data set by systematically excluding each 
observation and recalculating the statistic (Gotelli 
& Ellison, 2016), based on the number of unique 
species (which occurred in only a single sample). 
The collection efficiency was determined through 
the quotient between the value of the species 
richness observed by the estimated species richness. 
(Gotelli & Colwell, 2011).

To estimate the variation in species composition 
among the samples, a Principal Coordinates 
Analysis (PCoA) was applied to a Bray-Curtis 
matrix, following the log (x+1) transformation 
of the abundance data. The PERMANOVA was 
carried out based on the Bray-Curtis dissimilarity 
to evaluate species composition between high 
HII values (>0.8; conserved) and low HII values 
(<0.7; altered) streams using 9.999 permutations.

A gradient analysis was used to construct a 
composite plot (Landeiro  et  al., 2010) of the 
distribution of the odonate community along 
the anthropogenic habitat gradient. A simple 
linear regression was used to assess whether 
habitat integrity explained species richness. 
The   estimates of species richness was computed 
in EstimateS 7 (Colwell et al., 2004) and the other 
statistical analyzes were performed using vegan 

package of the R 3.2.2 statistical environment 
(R Foundation for Statistical Computing, 2015).

3. Results

The HII scores of the study streams ranged 
from 0.265 to 0.915 (mean±standard deviation: 
0.637±0.293), the preserved streams, with higher 
HII values, present riparian forest with continuous 
forest composed of native trees and few breaks in 
the riverside area. While the altered ones, lower HII 
values, have as main characteristic frequent breaks 
in the riparian zone, absence or continuous strip of 
forest below 30 meters, presence of ravines, effluent 
discharge and widening due to the accumulation of 
sediments (Table 1).

A total of 229 odonate specimens were collected, 
although it was possible to identify only 191, 
given that 30 were females, and in most species 
descriptions, the description of the female is 
incomplete or absent, meaning that, in most 
cases, they can only be identified when captured 
in tandem.

Most specimens (115) belong to the suborder 
Zygoptera, with the other 76 being anisopterans. 
Argia (four species) was the most species-rich genus, 
followed by Erytrhodiplax, with three species. 
The 83% collection efficiency indicated that the 
sampling procedure was sufficient to capture the 
biodiversity existing in the study area, given the 
stabilization of the species accumulation curve. 
In addition, observed species richness was 19±1.81, 
while estimated richness was 22.98±1.97. The most 
abundant species were Acanthagrion aepiolum 
(n = 46 individuals) followed by Zenithoptera lanei, 
with 22 individuals (Table 2).

The species composition of the different 
streams was allocated to two distinct groups 
(PERMANOVA, pseudo-F(1,7)= 4.674, p=0.024 
(Figure 2), indicating that habitat integrity affects 
the composition of odonate species. Clearly, 
there are species that are typical of environments 
with high environmental integrity. However, the 
hypotheses that habitat integrity affects Anisoptera 
species richness (r2 = 0.017; p = 0.756) or 
abundance (r2 = 0.080; p = 0.497), and Zygoptera 
species richness (r2=0.032; p=0.668) or abundance 
(r2=0.056; p=0.572) were not supported.

Only six of the 19 species identified were common 
to all types of stream. Five species (A.  aepiolum, 
A.  gracile, H. auripennis, T. aurantinigrum, and 
T.  coccinea) were unique to streams with a HII 
below 0.7. Eight species (A. hasermani, A. indicatrix, 
A. lilacina, E. metallica, E. melanica, Hetaerina sp., 
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Table 2. Odonate species collected in the streams sampled in the municipality of Caxias, Maranhão (Brazil).

Species

Riachos
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Acanthagrion gracile (Rambur, 1842) 0 0 0 0 3 3 4 4
Acanthagrion aeopilum Tennessen, 2004 0 0 0 0 8 32 4 2
Argia hasemani Calvert 1909 0 6 0 1 0 0 0 0
Argia indicatrix Calvert, 1901 0 5 0 1 0 0 0 0
Argia lilacina Selys, 1865 0 0 1 0 0 0 0 0
Argia reclusa Selys, 1865 0 4 2 5 4 4 0 0
Diastatops obscura (Fabricius, 1775) 2 0 0 0 3 0 0 2
Epipleoneura metallica Rácenis, 1955 0 4 6 0 0 0 0 0
Erythrodiplax basalis (Kirby, 1897) 2 0 0 1 3 0 2 9
Erythrodiplax fusca (Rambur, 1842) 1 0 2 0 3 0 1 6
Erythrodipla melanica Borror, 1942 3 1 0 1 0 0 0 0
Hetaerina sp. 1 0 0 0 0 0 0 0
Hetaerina auripennis (Burmeister, 1839) 0 0 0 0 0 2 0 0
Micrathyria romani Sjöstedt, 1918 0 0 1 0 0 0 0 0
Orthemis biolleyi Calvert, 1906 0 0 1 0 0 0 0 0
Perithemis lais (Perty, 1834) 0 0 2 0 8 0 0 0
Telebasis coccinea (Selys, 1876) 0 0 0 0 0 3 0 0
Tigriagrion aurantinigrum Calvert, 1909 0 0 0 0 0 6 0 0
Zenithoptera lanei Santos, 1941 7 1 6 5 1 0 0 2
Abundance 16 21 21 14 33 50 11 25
Observed richness 6 6 8 6 8 6 4 6

Figure 2. Ordination of the composition of odonate species from the streams of Caxias, Maranhão, Brazil, based on 
a Principal Coordinate Analysis (PCoA). The size of the points represents the value of the Habitat Integrity Index. 
Streams: Areia Branca (ABC), Cocos (COC), Inhamum (INH), Lamego (LAM), São José (SJS), Sanharó (SAN), 
Soledade (SOL), Sumidouro (SUM).
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M. romani, and O. biolley) were unique to streams 
with a HII above 0.8. This reflects the variation in 
the distribution of the odonate community along 
the habitat gradient (Figure 3).

4. Discussion

The environmental integrity of the stream did 
not affect the species richness or abundance of 
odonates, although there was a clear influence on 
species composition, with degraded and conserved 
streams being clearly separated. This is consistent 
with previous studies that indicate that the 
environmental gradient, in particular the loss of 
riparian vegetation, determines systematic variation 
in the composition of odonate species (Calvão et al., 
2016; Carvalho et al., 2013a), given the contrasting 
ecophysiological requirements of the two suborders 
(Anisoptera and Zygoptera) for thermoregulation 
(De Marco Junior et al., 2015).

Studies carried out in Amazon region show 
that the abundance and richness of Odonata is 
affected by the characteristics of the environment, 
with the width of the channel being one of the 
main factors that influence the assembly of the 

community (De  Marco Junior  et  al., 2015; 
Monteiro Júnior et al., 2015), there is also a decrease 
in richness in areas impacted by urbanization 
(Monteiro-Júnior  et  al., 2014). In contrast, our 
results show only a substitution of species associated 
with healthy environments for others typical of 
anthropized places, even some individuals belonging 
to the suborder Zygoptera (Craves & O’Brien, 
2013; Goertzen & Suhling, 2013).

The lack of any systematic variation in species 
richness or abundance may have been due to the 
species substitution, that typically occurs following 
the modification of environments. While more 
specialist species are typically eliminated from 
degraded environments, species richness and 
abundance may remain constant through the arrival 
of more generalist species that are less sensitive to 
environmental change. For example, many species 
are able to colonize sites with altered environmental 
conditions (Oliveira-Junior et al., 2017), and may 
be widely distributed (Anjos-Santos  et  al., 2011; 
Pessacq  et  al., 2005). Given this, they can adapt 
to a variety of habitat types, and are disperse 
between fragments or even colonize open areas 
(Rodrigues et al., 2016).

Figure 3. Distribution of the odonate community along the anthropogenic habitat gradient in the streams of Caxias, 
Maranhão, Brazil.
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The shift in species composition related to 
environmental change can be explained by the 
relative participation of rare and sensitive species. 
In general, thermal shapers are replaced by species 
with generalist and opportunistic individuals, 
that are typically heliothermic or endothermic 
(Miguel et al., 2017; De Marco Junior et al., 2015). 
In this case, species of the genus Argia, which are 
diverse and widely distributed in the Neotropical 
region, can be lost (Calvão  et  al., 2014; Caesar 
& Wenzel, 2009). In this context, many species 
restricted to more conserved areas can be lost 
through habitat degradation, creating a significant 
threat to the regional pool of species. This indicates 
that changes in land use (e. g. farming, urban 
development) is one of the principal threats to 
biodiversity (Phillips et al., 2017).

The results of the present study are consistent 
with the findings of previous research, which 
indicates that changes in habitat integrity are mainly 
due to the removal of the vegetation cover on the 
margins of the streams (Monteiro-Júnior  et  al., 
2015; Carvalho et al., 2013a). This leads to shifts in 
the conditions and resources available in the body 
of water (Callisto et al., 2001), which are important 
drivers of the structure of aquatic communities, 
while tending to maintain a greater similarity with 
the composition of species found in forested areas 
(Juen et al., 2016).

None of the species collected during the present 
study are at any risk of extinction, according to the 
classification of the Brazilian Chico Mendes Institute 
for Conservation and Biodiversity (ICMBio, 2016). 
Unlike expected, the occurrence of species of the 
suborder Zygoptera (A. aepiolum, H. auripennis, 
T. coccinea and T. aurantinigrum), were restricted 
to altered streams, indicating ecological diversity 
within the suborder, a pattern observed in other 
studies (Bastos et al., 2019; Rodrigues et al., 2019, 
2016; Carvalho et al., 2013a; Monteiro Júnior et al., 
2013; Kalkman et al., 2007). This occurs because 
A. aepiolium, A. gracile, H. auripennis present the 
epiphytic type of oviposition, laying their eggs on 
the macrophytes (Rodrigues et al., 2018; Kompier, 
2015), thus, areas without riparian vegetation 
and that develop a greater amount of aquatic 
macrophytes are the perfect habitats for these 
species (Rodrigues et al., 2018; Vilela et al., 2016). 
While, T. aurantinigrum has underwater endophytic 
oviposition, requiring less speed of flow (wide and 
shallow streams) for occurring the oviposition and 
survival of the larvae. (De Marco Junior & Vital, 
2008).

In the streams considered conserved, Zygoptera 
species was the main occurrence (A. hasermani, 
A. indictrix, Hetaerina sp1), as expected, considering 
that species of this suborder have great fidelity 
and specificity for preserved environments 
(Monteiro‑Junior et al., 2015, 2014). The presence 
of an species of Anisoptera (E. melanica) was also 
observed, several species of the genus Erythrodiplax 
are generalists (Rodrigues et al., 2018; Mendes et al., 
2015), in this sense, this species can occur in 
an environmental continuum that varies from 
the degraded to the conserved environment 
(Cortês et al., 2011).

Overall, the species composition of preserved 
and altered streams was quite distinct, even though 
no variation was observed in the species richness 
of the two suborders. These findings emphasize 
the need for the assessment of how the integrity 
of the riparian forest and other physical-chemical 
variables influence the community structure of the 
immature taxa and how this influences the structure 
of the adult assemblage. In addition, we confirmed 
that the reduction of the habitat integrity is the 
driver of changes in the structure of the Odonata 
communities of tropical regions, reinforcing the 
need for government agencies to monitor properties 
more systematically, and enforce the legislation on 
forest management.
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