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Abstract: The accelerated and disordered growth of large urban centers has caused a significant
loss of biodiversity and the negative effects are more significant in aquatic environments. Thus, the
objective of this study is to assess the effects of environmental change due to urbanization in the
abundance and biomass patterns of species belonging to the Zygoptera suborder. We tested the
hypothesis that, in altered streams, there will be a predominance of organisms with fast growth
and small biomass (r-strategists), and intermediate streams will have an overlapping of r and k-
strategists. In control streams, there will be a predominance of k-strategists, with slow growth,
decreased abundance, and high biomass. Urban expansion in Amazonian streams will cause loss
of Zygoptera species richness. Streams draining urban areas will have higher air temperatures
than control streams. Thus, small-sized and less abundant species will be favored. We sampled
15 streams in the metropolitan area of Belém. Sites were classified, using the index of physical habitat
integrity, as control, intermediate and altered. Comparisons between biomass and abundance were
analyzed using W Statistics. Our analyses showed that: the effects of urbanization cause loss of
k-strategists and favors r-strategists, once abundance was placed above biomass; in intermediate
environments, contrary to what we expected, there was no overlapping of strategies, once r-strategists
were also placed above k-strategists; in control environments, biomass was placed above abundance,
suggesting these environments have a predominance of k-strategist species, as we suggested; and we
observed increased levels of temperature favor the most abundant species, the ones having generalist
biological mechanisms; however, contrary to what we expected, there was no difference in richness.
With these results, we reinforce the need for public policies to create or maintain the riparian forest
along streams running through urban areas and create or maintain urban parks.

Keywords: water pollution; aquatic insect community structure; biological traits; drangonflies

1. Introduction

Currently, 55% of the world’s population lives in urban areas, a proportion that
might increase to 68% until 2050. Projections show that the gradual migration of the
human population from rural to urban areas is congruent with the worldwide population
growth, which could reach 2.5 billion until 2050 [1]. The most urban areas on the planet
include North America (with 82% of urban population) followed by Latin America and
the Caribbean [2]. Increased population growth in urban areas causes significant losses in
the world’s biodiversity [3,4]. Such damages can be more expressive in sensitive systems
such as aquatic ecosystems, because they are strongly associated with the surrounding
terrestrial vegetation. The loss of this vegetation can cause an increase in channel silting,
homogenization of the substrate, water channeling and discharge of residential and/or
industrial waste [5].
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In this context, lotic systems (e.g., small streams) are highly dependent on the en-
ergy coming from the riparian forest, by entering allochthonous material such as leaves,
branches, fruits, and trunks [6]. However, the removal of riparian forest changes the
structure of communities depending on this system, which can cause local extinction of
sensitive species and the entry of more generalist species due to the new conditions [7].
Although the Brazilian Amazon region is less populated than the rest of the country, it has
several problems related to urban impacts, mainly in its two main urban centers: Belém
and Manaus [8]. Once the metropolitan region of Belém has approximately 2.5 million
inhabitants distributed throughout a territory of 6.890 km square, it has one the highest
population densities among Brazilian capitals [9].

The region is rich in its hydrographic area, as it is surrounded by the Guajara Bay,
cut by rivers, streams, canals, and having artificial lakes and lagoons [10]. This area has
been gradually modified by disorganized urban expansion, which advances more and
more in permanent protection areas [11]. For aquatic macroinvertebrates, these effects have
affected the species’ richness and abundance [11,12], as well as substitution and extinction
of local species [5,10,13]. However, macroinvertebrates have been used as important tools
to evaluate anthropogenic impacts in aquatic ecosystems [14].

Among the existing organisms, the Odonata community stands out as a bioindicator
group, because odonates have a strong relationship with the water physical and physic-
ochemical structure, as a result of this their richness, abundance and composition can
be strongly affected by environmental change [15,16]. In addition, the group has been
efficiently used to identify impacts on altered environments [16] and currently, endangered
species are part of the catalog of IUCN and the Chico Mendes Institute for Biodiversity
Conservation (ICMBIO) [17,18]. In the Amazon, the order Odonata has two suborders
(Zygoptera and Anisoptera) that present idiosyncratic differences in ecophysiological
requirements, which allows us to use them as bioindicators in different studies [19,20].
Mostly, Zygoptera has a higher frequency of occurrence in streams with high vegetation
cover due to thermoregulation characteristics. Most are considered thermal conformers,
generally, with small body size and high conductance (high exchange of body heat at
room temperature), the body temperature varies with the environment, mainly due to heat
exchange [21]. As a result, they live in more shaded areas close to water bodies [7,19].

Other biotic factors, e.g., morphological variation [22], trait variation [23] and the
effects in the abundance and/or growth [24] have also been used to measure environ-
mental impacts. One of these methods is comparing the abundance/biomass proposed
by Warwick et al. [25], known as the ABC (Abundance Biomass Comparison) curve. In
stable environments, where disturbance is not frequent, the community is supposedly
composed of k-strategist species (with slow growth, large body size and delay to reach the
reproductive stage); these species are rarely numerically dominant, but are dominant in
terms of biomass. Thus, the biomass curve extends above the abundance curve, classifying
the environment as a control or less altered. For example, species of the genus Mnesarete
and Hetaerina, which are prevalent in preserved environments, are not very abundant, but
have a higher biomass than other genera of Zygoptera [7,26].

On the other hand, in altered environments, where the vegetation cover is low and
anthropic disturbance is high, the community would be dominated by r-strategists. The
abundance curve would be above the biomass curve. There would be a predominance of
organism with low biomass, but quite abundant, for example, species from the genus Is-
chnura that are abundantly found in altered environments, but low in body biomass [27,28].
In environments where an intermediate disturbance occurs, the tendency is to have an
overlap of the curve, as these environments support both dominant species in terms of
biomass and abundance [26,29].

In our study, we assessed the effects of urbanization in the Zygoptera community in
the Brazilian Amazon. For that, we tested the following hypotheses: (i) altered streams
will have a predominance of organisms with fast growth and small biomass (r-strategists),
in intermediate streams, r and k-strategist species will overlap, once these environments
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tend to be ecologically stable; (ii) in control streams, there will be a dominance of k-
strategists, with slow growth, less abundant and with high biomass; (iii) urban expansion
in Amazonian streams will cause loss of Zygoptera species richness. Our premise is that
the suppression of natural vegetation maximizes the incidence of light in the water bodies,
increasing the temperature and changing the availability of resources (e.g., Wood residues
inside and outside the channel, oviposition and perching sites) so that the organisms
there tend to invest more in reproductive success than in body growth in favor of their
offspring [30,31].

2. Material and Methods
2.1. Study Area

The study was carried out in the Metropolitan region of Belém (MRB), the State of
Pard, comprising the municipalities of Belém, Ananindeua, Marituba, Benevides, Santa
Barbara and Santa Izabel. The MRB covers an area of 1827.7 km?, with a population of
approximately 2.5 million habitants (almost a third of the population of the State of Pard).
This region comprises the Guama River basin, which has a similar profile to other Amazon
regions, as it presents relief gradations varying between igapds, floodplains and Terra Firme
forests, and are formed by holo-Pleistocene alluvial plains [10] (Figure 1).
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Figure 1. Drainage system of the metropolitan region of Belém and the distribution of the study streams, State of Para,

Brazil. The variation in color tones indicates the degree of occupation in the watershed, warmer colors (red tones) represent

sites with a higher population density and greener tones represent areas with little modification and with a greater amount

of remaining natural vegetation. (A) Altered, (B) Intermediate and (C) Control.

According to the Koppen classification, the region’s climate falls into the “humid
equatorial” category of the “Afi” type, with average annual precipitation of 2000 mm and a
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mean temperature of 35 °C. Rainfall extends from December to May, while the dry season
(or less rainy season) goes from June to November. Regarding soil type, the Yellow Latosol
predominates in the MRB, followed by the Concretionary Lateritic soil, Low humic Gleysol,
Hydromorphic Podzol and Quartz Sand [32].

The streams selected in the Guama river basin are small, with a mean width of 1.2 m
and a mean depth of 0.8 m, all first to third-order streams, according to the Strhaler
classification. Urban streams suffer from disposal on untreated sewage, have no riparian
forest and most of them are canalized. On the other hand, preserved streams, which we
will call from now on ‘control streams’, are located inside parks surrounding Belém, with
the presence of riparian forest and few or no human disturbance.

2.2. Biological Sampling

Samplings were performed in 15 streams with different environmental disturbance
degrees, five from altered areas, five from the intermediate group and five from the control
group. The streams selected were of small orders (first and second-order streams, according
to Strahler’s classification) with similar environmental conditions but with different degrees
of environmental disturbance, for example, native vegetation cover and air temperature
vary between treatments (see Section 2.3). Sampling was carried out during the dry season,
from August to December 2014 and 2015. For the collection, we used a fixed-area scanning
method that has already been efficiently applied to survey the Odonata assemblages in
the Amazon [33]. In addition, this is the sampling protocol that was proposed for Odonata
in a recent publication standardizing the methodology of Arthropod studies [34]. Adult
specimens were collected along a fixed stretch of 100 m of each stream, divided into
20 segments of 5 m, according to the best way to access sites to perform the collection.
The survey methodology for the Odonata community is based on a fixed area scanning
method already successfully used in other studies with this group [12,15,16,35]. To collect
specimens, we used an entomological net with a 30 cm rim and the sampling effort of
one collector. The average time spent at each sampling site was one hour. At the same
time, we measured air temperature in shaded sites close to the water. The collections were
performed between 10 am and 2 pm, a period in which sunlight reaches the streambed.
These minimal conditions were necessary to assure that all Odonata groups (temperature
conformers, heliotherms and endotherms) were active at the collection time [35]. Collected
odonates were stored and preserved following the protocol described by Lencioni [36].

To identify the specimens, we used specialized taxonomic keys [36-41], and compared
the specimens with the collection of the Zoology Museum at the Federal University of Para,
and, when necessary, we sent them to a specialist to confirm identification.

2.3. Integrity Assessment of the Aquatic Environment

To assess physical habitat integrity, we used the Habitat Integrity Index (HII), an index
consisting of a 12-item questionnaire (for more information, see Supplementary Materials
1, applied to each sampled stream). We assessed the following characteristics: (i) access to
the stream, (ii) width of the riparian forest; (iii) completeness of riparian forest; (iv) status
of the riparian forest inside a 10-m stretch, (v) retention devices, (vi) channel structure,
(vii) status of the stream flow, (viii) canopy openness, (ix) human physical occupation,
(x) disposal of domestic and industrial waste, (xi) population density in 100 m and (xii)
presence of waste disposal [11,33].

Each item has four to six alternatives ordered by scores to represent the increasing
integrity of the systems. The calculated index is expressed numerically, scoring from 0
to 1, where values close to one represent environments with high integrity levels. Based
on the final scores, each stream was classified into three treatments (altered, intermediate
and control). Streams with scores from 0 to 0.4 were considered altered, the ones from 0.4
to 0.7 were considered intermediate, and those with scores from 0.7 to 1 were considered
control streams. These classification scores based on the HII have already been successfully
used in other studies in the Amazon region [42]. Additionally, in a recent review, it was



Ecologies 2021, 2

154

shown that the index is very efficient in studies of environmental monitoring using aquatic
insects [43].

For our study, the results of the Habitat Integrity Index (HII) ranged from 0.03 to 0.9.
Streams between 0 to 0.3 were considered altered, streams with 0.3 to 0.6 were considered in-
termediate, whereas streams from 0.6 to 0.9 were considered control environments. In total,
there were five streams for each group (Altered, intermediate and control) (Appendix A).

2.4. Biomass Measurements

We selected five male individuals from each species, and we measured total length,
wing length, abdomen length, chest width, chest length and weight. To measure biomass,
we used the average of the total weight divided by the average of the total size of each
species; this was done to remove the effect of size in the measures [16]. We obtained the
morphological measures only for male individuals due to the low abundance of females in
the study area and the absence of taxonomic keys and/or guides for female specimens. This
standardization also avoids differences associated with sexual dimorphism. The procedure
was repeated three times to try diminishing measurement errors, in all the analyses, we
used a mean value of the three measurements (for more information, see Supplementary
Materials 2).

2.5. Statistical Analyses

To assess the sampling efficiency of Odonata species per site, we built an accumulation
curve, with 1000 randomizations, based on the number of samples [44]. In the graph, we
plotted the number of species observed (number of species observed in each stream) and the
estimated species richness. Species richness was estimated using the non-parametric first
order Jackknife resampling estimator [45], this method estimates the total richness summing
observed richness (number of species collected) to a parameter calculated from the number
of rare species. The estimate was calculated in the Estimates program (Statistical Estimation
of Species Richness and Shared Species from Samples) version 7.5.0 [44]. To test the
hypothesis that species richness differs in control, intermediate and altered environments,
we performed a one-way ANOVA [46]. The assumptions of homogeneity and normal
distribution were previously tested.

In order to compare the abundance and biomass among altered, intermediate and
control streams, we used [25] abundance and biomass curve approach. For that, we used
W statistics, which consists of a numerical summary of the ABC curve, with values varying
from —1 (abundance curve over biomass curve) to 1 (biomass curve over abundance
curve) and the abundance curves of ranked species and K-dominance, which allows us to
extract information about the patterns of relative species abundances, without reducing this
information to summary statistics, such as ecological indexes [24,47]. Unlike multivariate
methods, these distributions can extract universal characteristics from the community
structure, which are not a function of a specific rate, thus being able to be associated with
different levels of biological stresses [16,24].

To test the hypothesis that Zygoptera individual abundance (the sum of all individuals
in each sample unit) would be affected by air temperature, we performed a Pearson
correlation and all normality tests were performed [46], to assess if species abundance
(dependent variable) is correlated with temperature (independent variable). All analyses
were performed in the R program, using the vegan package [48]. The significance value
used in the analysis was p < 0.05.

3. Results

We collected 342 specimens, of 45 observed species and 70 &+ 6.0 (mean =+ confi-
dence interval) total estimated richness by jackknife, with a sampling efficiency of 64%
(observed/estimated) (Supplementary Materials 3). Considering only altered streams, we
observed 32 species and obtained 38 & 5.75 estimated species, with a sampling efficiency
of 84%. We observed 30 species for intermediate streams and obtained 42 + 8.14 estimated
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species, with a sampling efficiency of 71%. Control streams had 35 observed species and
49 + 8.6 estimated species, with a sampling efficiency of 71%. When analyzing the curve
of richness estimates, there is stabilization, showing the effort exuded in the study was
efficient to capture the diversity of the region (Figure 2).
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Figure 2. Estimated species richness of Zygoptera. Whiskers represent a 95% confidence interval.

The most abundant families were Coenagrionidae (n = 284) and Calopterygidae
(n =42). The most abundant genera in altered streams were Acanthagrion, Argia and
Ischnura. In intermediate streams, the most abundant were Neoneura, Epipleoneura and Argia.
In control sites, the most abundant genera were Argia, Epipleoneura and Mnesarete. The most
abundant species were Epipleoneura metdlica Racenis, 1955 (n = 32), Neoneura luzmarina De
Marmels, 1989 (n = 27), Acanthagrion aepiolum Tennessem, 2004 (n = 26), Argia indicatrix
Calvert, 1902 (n = 25), Acanthagrion kennedii Williamson, 1916 (n = 24) and Argia fumigata
Hagen in Selys, 1865 (1 = 21) (Table 1). Our hypothesis that preserved areas would have
increased richness was not corroborated (ANOVA: F = 3.511; G.L. = 12; p = 0.062). A similar
result was found when the comparison was made using the species richness estimated by
the jackknife, since the confidence interval of one group overlaps the mean of the other,
indicating that there are no statistically significant differences (Figure 3).

When analyzing the ABC curve for each type of environment, in control areas the
biomass curve was above the abundance (w = 0.094). In intermediate (w = —0.129) and
altered (w = —0.332) environments, the abundance was above biomass. Thus, our hypothe-
ses were corroborated, once, in preserved environments, there was a predominance of less
abundant individuals with high biomass. However, in intermediate and altered environ-
ments (influenced by urbanization), organisms with low biomass, but highly abundant,
were predominant (Figure 4).



Ecologies 2021, 2 156
Table 1. Number of individuals sampled in the Metropolitan Region of Belém, Para (Brazil).
Number of Specimens
by Treatment
. . . Total
Suborder Family Species Altered Control Intermediare .
Specimens

Zygoptera Calopterygidae Hetaerina sanguinea Selys, 1853 1 7 6 14
Hetaerina sp. - 1 4 5

Mnesarete aenea (Selys, 1853) - 3 - 3
Mnesarete smaragdina (Selys, 1869) - 4 1 5

Mnesarete sp. - 5 1 6

Mnesarete williamsoni Garrison, 2006 - 10 - 10

Coenagrionidae Acanthagrion aepiolum Tennessen, 2004 26 - - 26
Acanthagrion amazonicum Sjostedt, 1918 9 - - 9

Acanthagrion kennedii Williamson, 1916 14 4 6 24

Acanthagrion rubrifrons Leonard, 1977 3 2 - 3

Acanthagrion sp. 4 - - 4
Aeolagrion dorsale (Burmeister, 1839) 1 2 6 9

Argia fumigata Hagen in Selys, 1865 - 16 5 21

Argia indicatrix Calvert, 1902 21 - 4 25

Argia oculata Hagen in Selys, 1865 - 7 3 10

Argia sp. 2 3 1 6
Argia sp.1 - 1 - 1

Argia thespis Hagen in Selys, 1865 3 2 1 6
Argia tinctipennis Selys, 1865 - 5 4 9
Ischnura capreolus (Hagen, 1861) 5 - - 5
Ischnura sp. 9 - - 9
Dicteriadidae Heliocharis amazona Selys, 1853 - 1 - 1
Lestidae Lestes sp. 1 - 1 2
Megapodagrionidae Heteragrion icterops Selys, 1862 - 1 - 1
Oxystigma williamsoni Geijskes, 1976 - 3 - 3

Polythoridae Chalcopteryx radians Ris, 1914 - - 3 3
Chalcopteryx rutilans (Rambur, 1842) - 3 - 3
Chalcopteryx sp. - 1 - 1

Protoneuridae Epipleoneura kaxuriana Machado, 1985 - 4 3 7
Epipleoneura lamina Williamson, 1915 - - 8 8

Epipleoneura metallica Racenis, 1955 - 21 11 32
Epipleoneura solitaria De Marmels, 1989 - 8 1 9

Epipleoneura sp. 1 1 2 4
Epipleoneura spatulata Racenis, 1960 - - 5 5
Neoneura fulvicollis Selys, 1886 - - 1 1

Neoneura gaida Racenis, 1953 1 - 6 7

Neoneura luzmarina De Marmels, 1989 - 11 16 27

Neoneura sp. - - 2 2

Neoneura rubriventris Selys, 1860 - 1 1 2
Protoneura scintilla Gloyd, 1939 1 - 1

Protoneura sp. 1 1 2 4

Protoneura tenuis Selys, 1860 - 4 3 7

Total specimens 103 130 107 340
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Figure 4. Abundance (red triangles) and Biomass (black triangles) curve of species from the Zygoptera
suborder. (A) Total suborder were sampled in control streams; (B) Total suborder were sampled in
intermediate streams; (C) Total suborder were sampled in altered streams.

The hypothesis that air temperature would be a significant predictor for the Odonata
order, since it would affect species abundance, was corroborated (r? =0.35; p =0.019). There
was a positive relationship between the abundance of individuals and air temperature, sug-
gesting an increase in temperature increases species abundance (Figure 5). The correlation
explained 35% of the variation found in the data.
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Figure 5. Pearson Correlation between specimens’ abundance and air temperature, in streams
sampled in Belém, State of Para, Brazil.

4. Discussion

Our results accumulate evidence that urbanization negatively affects Amazonian
streams, in accordance with previous studies [4,10]. As we expected, biomass was higher
than abundance in preserved environments, and abundance was higher than biomass in
altered environments. Contrary to what we expected, the hypothesis that in intermediate
streams, there would be an overlapping of r and k-strategists was not corroborated, once
intermediate streams have shown a predominance of abundant species. Suggesting that,
in these environments, the Odonata community is numerically dominated by organisms
with r-strategy tendencies. This study has similar result similar with what was registered
in the Brazilian Cerrado, where species with small body size were dominant in altered
environments, reflecting the effects of anthropogenic change in streams [41]. On the
other hand, following the patterns we expected, the abundance was positively affected
by temperature, suggesting environments with increased temperature favor the most
abundant Zygoptera species [49]. However, species richness of Zygoptera was not affected
by urbanization, contrary to what we expected evidence that, depending on the type of
land use, the morphological characteristics of Odonata may better respond to the effects
of environmental changes. However, our study found no significant changes in species
richness between treatments, but it is possible to observe a loss in species richness in altered
environments. However, there was great variation within the treatments. For this reason,
we indicate that new studies try to increase the number of samples of each type of habitat
to try to reduce this variation. In general, here we can show that the Odonata community
is very sensitive to changes in the environment, therefore, corroborate the idea that the
Order’s organisms are a good bioindicators to monitor the effects of urban expansion.

For example, in this study, the ABC curve revealed changes in altered environments
due to the departure of k-strategist species and the entry of r-strategist species [47]. How-
ever, the substitution mechanism might have been one of the main reasons there was no
change in species richness. Thus, we reinforce the importance of using multiple response
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metrics in studies assessing human impact, to avoid possible noise in classical metrics, such
as species richness. Once, in conditions of land use change, the loss of species restricted
to pristine environments in favor of more generalist species that can adapt to different
environmental conditions is recurrent [50]. Productivity processes in streams might have
influenced the responses of this study since environmental productivity may be an impor-
tant factor in structuring communities [51]. Indeed, there is a positive relationship between
highly productive environments (usable resources) and increased abundance of Odonata
species [52]. Thus, as time passes, the excess of resources might cause eutrophication in
streams and, in response, there will be a loss of abundance of organisms due to compet-
itive exclusion [53]. It is important to emphasize the necessity of performing long-term
studies to detect these possible changes in the Odonata community as time passes [54].
For example, Gongalves & Braga [55] reported increased fish abundance in altered and
highly productive environments. In another study with fish evaluating biotic integrity
in a tidal inlet in estuarine areas, the curves showed that the estuarine environment is
moderately disturbed.

In intermediate and altered environments of our study, we found a substitution of
specialist species of pristine environments, that cannot stand human change (e.g., riparian
forest removal, effluent discharge, canopy openness and siltation) [5,11]. For example,
species from the Mnesarete genus were one of the most representative in control environ-
ments. Individuals of this genus have a large body size if compared to other zygopter-
ans. Generally, they inhabit forests, have limited dispersal, and live most of the time in
perches [56]. Thus, they have a positive relationship with the riparian forest, due to the
necessities and restrictions of thermoregulation and reproduction [7,57,58].

Contrarily, urbanization favors species with characteristics more similar to r-strategists,
e.g., the Acanthagrion genus, the most abundant genus, followed by Ischnura. Both genera
live well in lentic environments, with little oxygen and high temperatures, characteristics
common to streams altered due to the removal of the riparian forest and construction of
barriers and/or channels. According to Fulan et al. [59], immatures of these genera do not
tolerate low temperatures, their ideal temperature is between 25 °C and 28 °C degrees,
thus, adults of these genera tend to oviposit in warm waters. Moreover, species from the
Ischnura genus have a short life cycle, a common characteristic of r-strategists [54,57,60].

Several streams in the metropolitan region of Belém, especially the ones found in the
central area, are the most affected by domestic waste, which causes strong impacts in the
odonate community. However, streams more distant from the center are the ones that suffer
less with human impact, precisely because we found in these environments species with
high biomass, the ones that need pristine environments to forage, copulate and oviposit,
and have their ecophysiological requirements more restricted to the temperature. Monteiro-
Junior et al. [11] found similar results in a study in Manaus, in which specialist Zygoptera
species were extinguished from urban environments (with increased temperature) and
with alterations in the water, due to human change.

Certainly, our results also indicate the importance of parks inside the metropolitan
region of Belém, which were used as control areas in this study. It was possible to verify the
parks are managing to support most forest specialist species, reinforcing the importance
of creating or maintaining parks that pervade large urban centers. Once the total loss of
local species or scarcity in the variability of species can directly result in loss of ecosystem
services, humans depend [58]. However, it was possible to detect a concerning scenario,
since intermediate streams, the ones with little human influence, are not supporting forest
specialist species, suggesting unorganized urban growth is already affecting streams
suffering indirect effects of urbanization.

Thus, we conclude that the diversity of streams draining the metropolitan region of
Belém were affected by urbanization. Specialist taxa were locally extinguished from altered
environments because they were intolerant to removing the riparian forest (increased tem-
perature) and water pollution. Hence, it is necessary to implement management measures
to reduce impact and recover areas of permanent protection inside urban areas. Further-
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more, we reinforce the necessity to maintain and create parks inside big urban centers to
preserve forest species. Finally, we suggest Odonata should be used as bioindicators in
monitoring urban impacts, once they have shown to be sensitive to changes caused by this
type of land use.
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Appendix A

Table Al. Classifications of streams in urban areas and control based on HII sampled in the Metropoli-
tan Region of Belém, Para (Brazil).

N Groups Streams HII

1 Altered Parques dos Igarapés 0.133
2 Altered Apeti 0.175
3 Altered Aguas Brancas 0.172
4 Altered Paraiso dos Reis 0.275
5 Altered Tenoné 0.291
6 Intermediate Sitio Uruana 0.508
7 Intermediate Muicuiamba 0.536
8 Intermediate Pau D’Arco 0.537
9 Intermediate Paar 0.541
10 Intermediate Igarapé Neopolis 0.68

11 Control Igarapé Coreia 0.773
12 Control Cupuacu 0.715
13 Control Paricatuba 0.743
14 Control Macumba 0.812
15 Control Santa Maria 0.941
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