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Aquatic insects and their environmental predictors:
a scientometric study focused on environmental monitoring
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Abstract Since early studies about aquatic ecology, it has
been found that changes in environmental conditions alter
aquatic insect communities. Based on this, the combined
study of environmental conditions and aquatic insect com-
munities has become an important tool to monitor and
manage freshwater systems. However, there is no consen-
sus about which environmental predictors and facets of
diversity are more useful for environmental monitoring.
The objective of this work was to conduct a scientometric
analysis to identify the main environmental predictors and
biological groups used to monitor and manage lotic fresh-
water systems. We conducted a scientometric study on the
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Web of Science platform using the following words:
stream, river, aquatic insect, Ephemeroptera, Plecoptera,
Trichoptera, Odonata, Heteroptera, Chironomidae,
bioindicator, environmental change, anthropic, and land
use. Although most of the environmental predictors
employed are local, intrinsic of freshwater systems using
local environmental and associated landscape variables is a
better strategy to predict aquatic insect communities. The
facets of diversity most used are composition and richness
of species and genera, which are not efficient at measuring
the loss of ecosystem services and extinction of phyloge-
netic lineages. Although very important, these functional
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and phylogenetic facets are poorly explored for this pur-
pose. Even though tropical regions are the most diverse
globally and are experiencing major losses of native veg-
etation, these ecosystems are the least studied, a knowledge
gap that needs addressing to better understand the effect of
anthropogenic activities on the diversity of aquatic insects.

Keywords Environmental change - EPT- Land use -
Spatial scale

Introduction

It has been well documented that local physical envi-
ronmental conditions, or environmental factors of a
particular area, affect the diversity of natural communi-
ties (Ricklefs 1987). Ecological proposals, such as the
River Continuum Concept (Vannote et al. 1980) and
Flood Pulse Concept (Junk et al. 1989), indicate that
local environmental variables (e.g., allochthonous and
autochthonous energy, width of water bodies, amount of
vegetation cover, rainfall, productivity, and flow) direct-
ly influence the distribution of aquatic organisms. Thus,
it can be affirmed that natural characteristics of a region
can lead to different mechanisms that influence the
distribution patterns of aquatic biota (Heino et al. 2018).

In addition to the various natural factors that limit the
distribution of aquatic insects, anthropogenic distur-
bances also affect these communities, mainly because
they modify the environmental conditions of an ecosys-
tem (Malmqvist 2002). The main anthropic actions that
directly use hydric resources are related to agriculture,
urbanization, and industrialization, such as the construc-
tion of dams and canals, exploration for subterranean
water, direct water collection (Sabater et al. 2018), and
accessing more fertile soil. At the end of the 1950s,
Hutchinson (1959) reported difficulties in finding aquat-
ic insect species in regions changed by agricultural
activities. However, at this time, he did not know that
with the exponential growth of the human population,
natural areas would be gradually suppressed (Song et al.
2018) and that his observations would become one the
main lines of research in aquatic ecology.

To summarize all this theoretical framework about
community ecology and insert in a landscape context, the
theory of metacommunities emerged (Leibold et al. 2004).
A metacommunity is a biogeographic unit formed by a set
of communities that has the ability of exchange species for
dispersal (Gronroos et al. 2013). This theory can be
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summarized by four paradigms: Path-dynamic paradigm
predicts that the occurrence of path where there were
extinctions is affected by interspecific interactions that are
neutralized by dispersion processes. Species-sorting para-
digm considers that environmental filters select species
along environmental gradients. Mass-effects paradigm
says that dispersal variations affect species distribution at
different spatial scales and act at different time scales.
Neutral paradigm predicts that dispersion and use charac-
teristics of the species intrinsic habitat are irrelevant. There-
fore, neutral paradigm is considered a null hypothesis for
the other three paradigms above. In practical terms, con-
sidering the randomness of dispersion, extinction, and
local speciation, it is possible to find patterns of diversity
structured by spatial autocorrelation.

Today, the responses of aquatic insect communities
to anthropogenic environmental changes started to be
used as a tool to monitor freshwater environments (Resh
and Unzicker 1975). Biodiversity can be assessed from
taxonomic, functional, and phylogenetic diversity; how-
ever, most of the works is focused on taxonomic facet.
Changes in community structure caused by anthropo-
genic actions have been observed in several facets of
diversity, such as richness (e.g., Astorga et al. 2011;
Ligeiro et al. 2013; Cunha et al. 2015; Brasil et al.
2019), species composition (e.g., Faria et al. 2017),
abundance of individuals (e.g., Paiva et al. 2017), beta
diversity (e.g., Cunha and Juen 2017; Brasil et al. 2017),
and functional diversity (e.g., Péru and Dolédec 2010).

In addition to the community level approach, it is
possible to diagnose the conditions of an environment
based on one or some species at the population level
because, depending on the group studied, diversity mea-
sures can exhibit different responses. However, although
some groups, such as Ephemeroptera, Plecoptera, and
Trichoptera (EPT), lose species and individuals in altered
environments (Siegloch et al. 2017), other groups, such as
Oligochaeta, benefit from these changes and increase in
number of species and individuals (Martins et al. 2017).
Thus, it is important to identify which environmental
factors can affect or benefit aquatic insects, since environ-
mental monitoring programs are based on the distribution
of species and how they respond to different environmental
conditions (Roque et al. 2008).

In Amazonia, for example, there are some dragonfly
species (Order Odonata) that live most of their lives in the
marginal vegetation along small streams that are ecto-
therms and depend on the microclimatic condition of the
forest to survive (Carvalho et al. 2018). Further, when a
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forest is converted to agrosystems, some species, such as
Heteragrion aurantiacum Selys, 1862, and Protoneura
tenuis Selys, 1860, decrease until they become locally
extinct (Oliveira-Junior et al. 2015; Miguel et al. 2017).
Other taxa, such as Zelusia (Ephemeroptera) and
Kempnyia (Plecoptera), are bioindicators of streams that
are more environmentally complex, while Farrodes and
Miroculis (Ephemeroptera) are more tolerant and survive
in forested areas of intermediate complexity (Polegatto and
Froehlich 2003; Siegloch et al. 2017).

The scale at which anthropogenic environmental
changes occur can also influence changes in aquatic
insect communities. Three scales are notable: (i) impacts
at the regional scale, which are related to changes in land
use in a region that drains into an freshwater system, for
example, a hydrographic microbasin that drains into a
stream (Allan et al. 1997; Allan 2004); (ii) impacts in a
riparian zone, which are environmental changes along
the margins of freshwater systems (Naiman and
Decamps 1997), for example, when riparian vegetation
around rivers or streams is removed (Rodrigues et al.
2016); and (iii) impacts that occur within freshwater
systems, for example, sewage disposal in a lake, river,
or stream (Martins et al. 2017). Individually or acting in
synergy, environmental changes at these three scales
cause significant changes in aquatic biota and, conse-
quently, in ecosystem services (Allan 2004).

However, considering all the important aspects of
studying the influence of environmental changes on
the ecology of aquatic insects (variations in soil use,
scale of change, diversity metrics, and taxonomic
groups), it is difficult to have a wide vision of the real
effects of anthropization. Although there is a lot of
research about this area, the accumulation of informa-
tion about different taxonomic groups, geographic
areas, and type of change can go unnoticed depending
on the focus of the study. For this reason, scientometric
studies can be important to synthesize the amount of
excessive information. According to Mingers and
Leydesdorff (2015), scientometrics is the field of study
that is most directly related to the evaluation and explo-
ration of scientific research.

Thus, the objective of this work was to conduct
scientometric study to identify the main environmental
predictors and efficient biological groups for monitoring
and managing lotic freshwater systems. Although meta-
analyzes already exist on the effect of local and spatial
environmental variables on biodiversity (Soininen 2014;
Gal et al. 2019), this has never been done on a large scale

focused on environmental monitoring. Therefore, this
scientometric review brings a degree of innovation by
compiling this information and discussing it for environ-
mental monitoring purposes using aquatic insect
communities.

Material and methods

Quantitative aspects were collected from scientific articles
published in English, Spanish, and Portuguese from 1994
to 2017. The articles were compiled based on the indexed
data on the ISI Web of Knowledge (Thomson Reuters)
site, using the following keywords: “‘Stream*”” OR “river*”’
AND “Aquatic insect*” OR “Ephemeroptera*”” OR “Ple-
coptera*” OR “Trichoptera*” OR “Odonata*” OR
“Heteroptera®” OR “Chironomid*”” AND “Bioindicator*”’
OR “environmental change*” OR “anthropic*”” OR “land
use*” in titles, abstracts, and keywords. The database was
accessed in April of 2018 using the Portal de Periodicos da
Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior-CAPES do Brasil (http://apps-webofknowledge.
ez3.periodicos.capes.gov.br). For years, the ISI Web of
Knowledge (Thomson Reuters) database has been an
available tool for indexing scientific literature and is
internationally recognized for providing important data
about different areas of research related to science and
technology and is effective for both recent and old articles.

Only articles that tested a hypothesis related to aquatic
insect communities and environmental predictors were
included; descriptive, review, and distribution model arti-
cles were excluded. All of the works were tabulated in an
electronic matrix with the following information: i) climate
region (tropical or temperate); ii) local (e.g., physicochem-
ical variables of the water, channel structure), and regional
(e.g., land use in microbasin, vegetation cover in riparian
zone) environmental predictors; iii) group (e.g., Ephem-
eroptera, Odonata, Diptera); and iv) facet of diversity (e.g.,
species richness, abundance of individuals). Those results
were expressed in percentage graphs. The database search
resulted in 533 articles, among which 355 fit the men-
tioned criteria.

Results and discussion
Of the 355 articles, almost 80% were conducted in

temperate regions comparing with tropical regions. For
the type of environment, little has been published that
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In-stream

Landscape

Spatial scale (All)

Fig. 1 Number of articles that use in-stream and landscape pre-
dictors alone or in combination for study aquatic insect
communities

Fig. 2 Number of articles that
use in-stream and landscape
predictors alone or in
combination to study aquatic
insect communities in temperate
and tropical regions
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In-stream

In-stream

compares science developed in temperate and tropical
regions. Evidently, freshwater environments in the tro-
pics differ ecologically from those in temperate zones in
their physical, chemical, and biological attributes
(Kwok et al. 2007). However, many countries in the
subtropics and tropics are still developing and lack
financing, infrastructure, and other resources (Kwok
etal. 2007) that could help in advancing research related
to freshwater systems. Many areas of these regions have
become densely populated and rapidly industrialized
and their freshwater systems may be under threat due
to degradation. Thus, there is an urgent need to establish

Landscape

16.710%| 24.543%

Spatial scale (Temperate)

Landscape

13.829%

08.511%

Spatial scale (Tropical)
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public policies to encourage research and safeguard the
biodiversity in these areas.

Even though about 75% of global biodiversity is
found in tropical ecosystems (e.g., wetland, freshwater,
and marine) (Kwok et al. 2007) and the tropical basin
encompasses the largest area of climate zones on Earth
(Wantzen et al. 2006), there is a need for broader and
more representative studies of systems in tropical zones
to standardize patterns so they can be compared with
studies conducted in temperate zones. Thus, the scenario
that the gradients of diversity in freshwater environ-
ments receive less attention than marine and terrestrial
environments (Boyero 2002) should be changed.

Which environmental predictors are used the most
for aquatic insect communities?

The predictor variables were grouped into in-stream vari-
ables, which represent local predictors and encompass all
the physicochemical variables of the water and channel
morphology and landscape variables, which represent re-
gional predictors and encompass land use and the riparian
zone. As a result, 63% of the works used in-stream pre-
dictors, 18% used landscape predictors, and 19% used
both in-stream and landscape predictors (Fig. 1).

The discrepancy observed between the use of local
and regional predictors is even larger when we separate
the climate regions. In temperate environments, the
difference is subtle. On the other hand, tropical environ-
ments show a high difference between landscape pre-
dictors, in-stream predictors, and both landscape and in-
stream (Fig. 2).

Kim et al. (2016) conducted a scientometric study with
limnological works and showed that the number of studies
at the landscape level seems to have increased starting in
2010 and that these works have been more frequently
related to the keywords “soil use” and “drainage basin.”
Thus, we can infer that local studies are more numerous
due to the difficulty of obtaining financial resources, hu-
man resources, and the limitations of techniques used for
landscape analyses. This picture is even clearer when we
observe the difference between studies conducted in trop-
ical areas, where there are more developing countries, and
temperate areas, where there are more developed countries
that have a better structured scientific body. In the coming
years, we will probably see an increase in the number of
studies at the landscape level, within and outside tropical
regions, considering the greater availability of published
data and technological advancements related to the internet

In-stream

i g

Spatial scale (significant relationships )

Fig. 3 Number of articles that used in-stream and landscape
predictors alone or in combination that have significant relation-
ships to predict aquatic insect communities

and techniques used to analyze and compare data from
different sites and collection methods.

Among the environmental predictors used, which are
the most important for aquatic insect communities?

When analyzing the absolute values of the relation of the
environmental predictors with the communities of
aquatic insects, most part of the articles had significant
relationships only for the in-stream variables, following
by only for the landscape variables, and for both the in-
stream and landscape variables (Fig. 3).

However, the number of articles that used in-stream
predictors and the number of articles that used landscape
predictors are not comparable (see Fig. 2). Therefore,
when analyzing the number of articles, 74.936% of the
studies with a combination of in-stream and landscape
variables found significant relationships with aquatic
insect communities, as opposed to 39.718% when only

In-stream

Landscape

Spatial scale (effort-weighted )

Fig. 4 Number of articles that used in-stream and landscape
predictors alone and in combination with significant results for
the predictors of aquatic insect communities. For each group of
predictors (in-stream and/or landscape), the proportions refer to the
number of articles that found significant results in relation to the
number of times each group of predictors was used
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in-stream predictors were used and 34.647% when only
landscape predictors were used (Fig. 4). Thus, a com-
bined analysis of predictors at a local and regional scale
(in-stream and landscape) seems to be more efficient at
explaining how the environmental predictors relate to
aquatic insect communities. The influence of the land-
scape and stream characteristics on aquatic communities
has been discussed for some time; landscape character-
istics (width of riparian vegetation, relief and type)
affect the conditions and, consequently, the organisms
in a stream (Allan and Johnson 1997; Steinman and
Denning 2005).

Fig.5 Detailed description of the
articles that used in-stream and
landscape predictors to evaluate
aquatic insect communities

b

16.260%

@ Springer

Considering only the in-stream environmental pre-
dictors with significant relationships with aquatic insect
communities, 43.971% were physicochemical variables
of the water, 36.170% referred to channel morphology,
and 19.858% included both the water and channel mor-
phology variables. Considering only the landscape en-
vironmental predictors with significant relationships
with the aquatic insect communities, 76.422% were
exclusive to land-use change, 16.260% were exclusive
to riparian zone, and 7.312% included both land-use
change and riparian zone (Fig. 5, Table 1).

Water

Morphology

19.858%

In-stream predictors

Land use

Riparian

Landscape predictors
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Table 1 Relation of the ten in-
stream and ten landscape envi-
ronmental predictors for aquatic
insect communities

Main in-stream predictors

Main landscape predictors

1 Nutrients (12.862%)

2 Substrate type (09.963%)

3 Dissolved oxygen (08.152%)

4 Electrical conductivity (07.789%)
5 Water temperature (07.608%)

6 pH (06.702%)

7 Habitat structure (05.615%)

1 Land use (45.914%)

2 Canopy cover (20.622%)
3 Vegetation type (07.782%)
4 Catchment size (07.003%)
5 Altitude (06.614%)

6 Connectivity (02.334%)

7 Precipitation (01.945%)

8 Average depth (03.623%)
9 Average width (03.442%)

10 Average velocity (03.079%)

Other predictors (31.165%)

8 Geographic position (01.945%)

9 Air temperature (01.556%)

10 Width of riparian forest (01.167%)
Other predictors (03.180%)

While land use seems to be closely related to large-
scale patterns, local effects appear to be more represent-
ed by the chemistry of the water influencing aquatic
communities. Forest loss at the landscape level nega-
tively impacts ecosystems at the local scale, mainly due
to the loss of environmental integrity (Macedo et al.
2013). The environmental consequences for freshwater
ecosystems include changes in the concentrations of
nutrients, increase in water temperature, degradation of
riparian forest, and an increase in the flow rate of sedi-
ment (Macedo et al. 2013).

Which taxonomic groups are used the most in response
to variations in environmental conditions?

When conducting studies that relate aquatic insect

communities to environmental predictors, an impor-
tant factor is selecting the taxonomic group that will

Fig. 6 Most used taxonomic

. X Lepidoptera

groups in the articles that evaluate
the importance of environmental Megaloptera
predictors of aquatic insect Heteroptera

communities. EPT =

Ephemeroptera, Plecoptera, and Coleoptera
Trichoptera Odonata
Diptera
EPT
Community

be the response variable. For this, the entire com-
munity, only one taxon, or various taxonomic
groups can be used, considering their specificities
in relation to the environmental conditions. Here, it
was verified that most of the articles that report a
significant relation between aquatic insects and en-
vironmental predictors used the entire community of
aquatic insects as the response variable. This repre-
sented 60.037% of the total, followed by the com-
bined or separate use of the orders Ephemeroptera,
Plecoptera, and Trichoptera (EPT), and then Diptera,
Odonata, Coleoptera, and Heteroptera (1.983%).
The remaining taxa accounted for less than 1% of
the articles (Fig. 6).

The response of communities to environmental
predictors is intrinsically related to the specificity
of the sensitivity, tolerance, and resistance of organ-
isms to environmental variations, which vary based

<01%

<01%
1701.893%
[ 103.219%
| 104.924%
L 107.954%

60.037% |

0 50 100 150 200 250 300 350
Number of significant relationship with

environmental predictors
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Fig. 7 Most used facets of
diversity in the articles that
evaluate the importance of
environmental predictors for
aquatic insect communities

on the environmental conditions (Martins et al.
2017). However, to investigate this in a more spe-
cific way, only one taxonomic group in the commu-
nity in commonly used, such as Odonata (Oliveira-
Junior et al. 2015), EPT (Faria et al. 2017), or
Heteroptera (Dias-Silva et al. 2010).

Among these groups, Ephemeroptera, Plecoptera,
and Trichoptera (EPT) are used the most (Vinson and
Hawkins 2003). The high representativeness of these
studies could be related to the wide distribution of these
taxa and is undoubtedly due to the important role EPT
play as bioindicators of lotic freshwater systems. Tri-
choptera are sensitive to pollutants in freshwater envi-
ronments and, thus, have been used as crucial indicators
in determining environmental quality. Worldwide, stud-
ies have demonstrated that anthropogenic activities ex-
ert a significant effect on the diversity of EPT (Mehari
et al. 2014; Chi et al. 2017).

Which metrics of diversity are most affected
by variations in environmental predictors?

In addition to evaluating which taxa are used the most in
works, it is also important to define which facet of diversity
has been studied the most. For the articles that reported a
significant relation between aquatic insects and environ-
mental predictors, the highest percentage used richness of
genera or species, followed by composition of species or
genera, abundance or density of individuals, biotic indices,
functional diversity, and proportion between taxa, beta
diversity, and dispersion (Fig. 7).

Similarly, Miller et al. (2010) conducted a meta-
analysis to verify the response of macroinvertebrates to
environmental restoration and found that species rich-
ness is positively affected when trying to restore dis-
turbed areas. Thus, considering our results and the

@ Springer

Dispersion |<0.1%
Beta diversity | 01.161%
Proportion of taxons (%) | 103.483%
Functional diversity | 07.111%
Biotic index 12.191%l
Abundance or density 20.899%
Composition 22.932%)|
Richness 32.075%)
0 50 100 150 200 250

Facet of Diversity

evidence found by Miller et al. (2010), it is evident that
the richness of species or genera of aquatic insects is
often affected by variations in environmental
conditions.

Conclusion

To understand the direct relationship between aquatic
insect communities and environmental predictors, it is
important to conduct a multi-scale analysis between the
lotic freshwater systems, riparian zone, and regional
landscape. Traditional metrics of diversity are the most
explored (richness and composition of species and gen-
era and abundance or density of individuals).

Functional and phylogenetic diversity, which can be
used to measure changes in ecosystem services and loss
of evolutionary lineages, respectively, are still poorly
explored aspects for aquatic invertebrates. We empha-
size that even though tropical environments are more
diverse and contain native vegetation that is being sup-
pressed by diverse anthropic activities, these regions are
less studied, and the studies are less comprehensive
compared with those conducted in temperate
environments.

Finally, understanding this dynamic is of great rele-
vance in determining priorities and gaps in research
areas and helps explain the effect of anthropic activities
on the diversity of aquatic insects in various parts of the
world. We hope that this study contributes to a better
understanding of these gaps.
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