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Gerromorpha community (Hemiptera: Heteroptera) in streams
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Abstract

The community of semiaquatic insects (Gerromorpha) is related to forest cover and habitat integrity, as well
as spatial factors such as the distance between streams. Therefore, our objective was to evaluate the effect of
spatial structure and habitat integrity (HII) on the composition, abundance and richness of Gerromorpha in
streams across an environmental gradient inside and outside the Floresta Nacional de Carajas (FLONA Carajas).
Our hypotheses: i) habitat integrity has a positive effect on the richness and abundance of Gerromorpha,
since the availability of resources provides the existence of a greater number of species and consequently a
greater abundance and richness of these species; ii) species composition is structured by habitat integrity,
considering that preserved sites provide better conditions for the coexistence of specialist species or rare species;
iii) the composition of Gerromorpha will be structured by the distance between streams (as some species may
have dispersal limitations). Sampling was conducted in 10 streams (five inside of a protected area and five around
protected areas). To determine habitat integrity, we used the Habitat Integrity Index (HII). For data analysis,
we used linear models to test the effect of HII on richness and abundance. Finally, we used db-RDA to test for
differences in species composition in relation to HII and spatial structure. Our results richness and abundance
are not influenced by HII not corroborating our hypotheses. Furthermore, our results showed that the species
composition of Gerromorpha is influenced only by spatial structure, and not for HII, confirming our hypothesis.
This lack of differences can be attributed to the small variation in HII between the streams sampled. Our findings
highlight the importance of spatial structure for the composition of Gerromorpha species and of the forest for
maintaining habitat integrity and aquatic biodiversity.
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Resumo

A comunidade de insetos semiaquaticos (Gerromorpha) esta relacionada a cobertura florestal e a integridade do
habitat, além de fatores espaciais como a distancia entre os riachos. Portanto, nosso principal objetivo foi avaliar o
efeito da estrutura espacial e da integridade do habitat (ITH) na composic¢do, abundancia e riqueza de Gerromorpha em
riachos em um gradiente ambiental dentro e fora da Floresta Nacional de Carajas (FLONA Carajas). Nossas hipéteses
i) a integridade do habitat tem um efeito positivo sobre a riqueza e a abundancia de Gerromorpha, uma vez que
a disponibilidade de recursos proporciona a existéncia de um maior nimero de espécies e, consequentemente,
uma maior abundancia e riqueza dessas espécies; ii) a composi¢do de espécies é estruturada pela integridade do
habitat, considerando que locais preservados proporcionam melhores condicdes para a coexisténcia de espécies
especialistas ou espécies raras. iii) a composicdo de Gerromorpha sera estruturada pela distancia entre os riachos
(uma vez que algumas espécies podem ter limita¢des de dispersao. Gerromorpha foram coletados em 10 riachos
(cinco dentro da area protegida e cinco no entorno). Para determinar a integridade do habitat em cada riacho,
usamos o indice de Integridade do Habitat (IIH). Para as analises de dados, utilizamos modelos lineares para verificar
o efeito do IIH na riqueza e abundancia. Finalmente, usamos a db-RDA para testar as diferencas na composicao de
espécies em relacdo ao IIH e a estrutura espacial. Nossos resultados mostraram que a riqueza e abundancia ndo
tiveram influéncia do IIH. Enquanto a composi¢ao de espécies de Gerromorpha foi influenciada pela estrutura
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espacial. Nossos resultados demonstram baixa varia¢do do IIH, abundancia e riqueza entre os riachos amostrados.
Nossos achados destacam a importancia da estrutura espacial para a composi¢do de espécies Gerromorpha e da
floresta para a manutencao da integridade do habitat e da biodiversidade aquatica.

Palavras-chave: dgua doce, insetos semiaquaticos, Amazonia, Indice de Integridade do Habitat (IIH)

1. Introduction

The destruction of vegetation is a major problem for
streams and aquatic biodiversity (Dala-Corte et al., 2020).
Even with efforts to delimit areas for biodiversity
conservation, human pressure on the area surrounding
the units can directly affect environmental conditions
(Pinheiro and Durigan, 2009). Protected areas generally
have a higher level of environmental quality and species
diversity compared to unprotected areas (Sousa et al., 2025;
Brito et al., 2024). The streams located inside the protected
areas have more stable channels with many physical
habitats showing no signs of alteration, this structural
stability contributes significantly to increasing the diversity
and abundance of aquatic organisms (Restello et al., 2020).

Outside protected areas, various threats affect aquatic
ecosystems, such as unplanned urbanization, illegal land
use for livestock, agriculture and widespread deforestation
for commercial purposes (Couceiro et al., 2007;
Juen et al., 2016). This fragmentation process results in
changes to the composition of biological communities and
interspecific interactions, reducing environmental quality
(Almeidaetal., 2009). The loss of canopy cover compromises
thermal regulation, the entry of allochthonous organic
matter, and the provision of micro-habitats, resulting
in a loss of resources that can provide shelter and food
essential for the maintenance of aquatic communities
(Monteiro-Janior et al., 2014; Brito et al., 2024).

The distribution of species is generally related to the
environmental conditions and resources available in the
habitat (Leibold et al., 2004), as well as geographical
distances, the dispersal capacity of species and neutral
processes (Hubbell, 2001). According to the species sorting
paradigm, species composition is mainly determined
by environmental factors (e.g. vegetation, water
quality, substrate), which will promote greater species
differentiation (Leibold et al., 2004). While geographical
distance can cause increased or decreased similarity in terms
of species composition (Heino et al., 2015), increased distance
between streams can result in reduced dispersal (especially
of species with limited dispersal), cause biogeographical
isolation and increased dissimilarity between communities.

In most aquatic insects, dispersal by flight is a strategy
for searching for resources and avoiding adverse conditions
such as environmental changes and, in these cases, the
success and maintenance of the population is achieved by
the dispersal of winged populations (Cunha and Juen, 2020).
Thus, distance from streams can be a regulating factor for
aquatic communities. In addition, habitat quality (Habitat
Integrity Index - HII) can be a determining factor for
aquatic communities, as more preserved streams tend to
have higher species richness, offer greater availability of
microhabitats, greater forest cover for shelter, reproduction
and feeding for various species. Degraded streams
are generally associated with high values of electrical
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conductivity, pH and water temperature (Veras et al., 2019;
Brasil et al., 2020) and preserved streams are related to
high dissolved oxygen (Giehl et al., 2020; Brasil et al., 2020).
Several studies have shown HII to be a determining factor
for aquatic insect communities (Dias-Silva et al., 2010;
Brasil et al., 2020).

Tropical streams have a high diversity of aquatic and
semiaquatic insects, especially in the smaller first to third
order streams (Polhemus and Polhemus, 2008). Among
the semi-aquatic insects, there are representatives of
the infraorder Gerromorpha (Hemiptera: Heteroptera),
are predators that live above the water, in the middle of
vegetation or in plant roots (Dias-Silva et al., 2013). These
individuals depend on the environmental quality and can
be more or less abundant depending on habitat integrity
(Dias-Silvaetal.,2010; Cunha and Juen, 2017; Silva et al., 2024;
Franco et al., 2023).

In Brazil, Conservation Units are divided into two
groups in the National System of Nature Conservation
Units: integral protection units and sustainable use
units, which include National Forests (Brasil, 2000).
This category includes areas with a predominance of
native vegetation and allows for the sustainable use of
forest resources and scientific study (Brasil, 2000). The
effectiveness of protected areas in conserving aquatic insect
communities remains in Brazil unclear, largely due to a lack
of biogeographic data and limited knowledge on species
distribution, particularly in the Neotropical region (Rodrigues
and Gaston 2002; N6brega and De Marco Junior, 2011;
Dias-Silvaetal., 2021). Considering the important ecosystem
role of aquatic insects, managing them within protected
areas is vital for their functioning and ecological resilience
(Godoy et al., 2016; Chowdhury et al., 2023). However,
there is little assessment of how well protected areas
conserve insects (Nicacio et al., 2020; Chowdhury et al., 2023;
Brito et al., 2024; Sousa et al., 2025).

In this context, our objective was to evaluate the effect
of spatial structure and habitat integrity (HII) on the
composition, abundance and richness of Gerromorpha
in streams across an environmental gradient inside and
outside the Floresta Nacional de Carajas (FLONA Carajas).
Our hypotheses: i) habitat integrity has a positive effect
on the richness and abundance of Gerromorpha, since the
availability of resources provides the existence of a greater
number of species and consequently a greater abundance
and richness of these species; ii) species composition is
structured by habitat integrity, considering that preserved
sites provide better conditions for the coexistence of
specialist species or rare species (Guterres et al., 2021;
Franco et al., 2023); iii) the composition of Gerromorpha
will be structured by the distance between streams (as
some species may have dispersal limitations).
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2. Material and Methods

2.1. Study area

The study was conducted in 10 streams, five located inside
and five outside the FLONA Carajas in the Brazilian Amazon,
situated in the southeast region of Para State (Figure 1).
The FLONA Carajas is a Protected area for Sustainable Use
(SU) located in the Brazilian Amazon. It is a public domain
with extensive vegetation cover, predominantly indigenous
species and which provides for the sustainable use of
resources, mainly mining, as governed by Lei N. 9.985 of
July 18, 2000 (Brasil, 2000), as well as scientific activities
(Sousa et al., 2021). The FLONA Carajas has a great demand
for scientific studies on the characterization of the site,
flora and fauna, ecology and environmental management
(Gongalves and Santos, 2008; Souza et al., 2021).

With an area of approximately 400.000 hectares, it
covers the municipalities of Parauapebas (76,51%), Canaa
dos Carajas (22,50%) and Agua Azul do Norte (0,99%)
(ICMBIo, 2017). The FLONA Carajas is composed of Open
Ombrophilous Forest, Dense Ombrophilous Forest and
Ferruginous Rupestrian Field. With average annual
temperatures of 21°C to 22°C, differing from the areas
between Maraba and Parauapebas with 25°C to 26°C,
annual temperature range between the hottest and coldest
months does not exceed 3°C. The rainy season is between
November and April, while the dry season is between May
and October (ICMBio, 2017).

Gerromorpha in streams of Brazil's Amazon area

The main characteristic of the FLONA Carajas is its ferrous
soil, which is rich in minerals (Brasil, 2000). The main activities
carried out in the FLONA Carajas are mining and plant extraction
(Jaborandi and nuts, others). Activities such as pasture, fishing
and hunting are carried out in its surroundings. In addition,
surrounding the FLONA Carajas is the Carajas Mosaic, including
others protected areas the Itacaitinas National Forest, the
Tapirapé-Aquiri National Forest, the Tapirapé Biological
Reserve, the Igarapé Gelado Environmental Protection Area
and the Xicrin do Cateté Indigenous Land (Viana et al., 2016).
Together, they total an area of approximately 1.207.000 hectares
that represents a barrier for the protection and conservation
of biodiversity amidst the adjacent anthropogenic processes
in the region (ICMBio, 2017).

2.2. Biological sampling

In each stream, a transect 100 m length was demarcated,
subdivided into 20 segments of 5 meters each. Gerromorpha
were collected from the surface of the water in each
segment using a sieve (18 cm in diameter and 1-mm mesh)
(Dias-Silvaetal.,2010). The samples were collected only once
from each stream during the dry season (October 2022 and
September 2023). After collection, the material was stored
in 85% alcohol and the individuals were identified to species
level using a stereomicroscope and specialized taxonomic
keys (Hungerford and Matsuda, 1958; Nieser, 1994;
Moreira et al., 2008;Padilla-Gil and Moreira, 2013; Floriano
and Moreira, 2015; Magalhaes et al.,2016; Floriano et al., 2017,

Tapirapé-Aquiri
National Forest

Geographic Coordinate System - SIRGAS 2000 / UTM Zone 228 - Source: IBGE/ANA/FBDS
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B Anthropized
National Forests
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Canga

Campos Ferruginosos National Park
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Figure 1. Location of the 10 streams sampled, five inside and five outside the protected areas.
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Rodrigues et al., 2021). The specimens were deposited
in the Laboratério de Ecologia - LABECO, Universidade
Federal do Para, Altamira, Par4, Brasil.

2.3. Habitat Integrity Index - HII

To assess the integrity of each stream, we used the Habitat
Integrity Index (HII) proposed by Nessimian et al., (2008).
This index is made up of 12 questions that assess riparian
vegetation, land use, channel conditions, type of substrate
and other characteristics of the stream bed and bank. The
index ranges from 0 to 1, with values closer to 1 indicating
preserved streams and values closer to O indicating
degraded streams. The HII is widely used and related to
the distribution of Heteroptera and other aquatic insects
(Dias-Silva et al., 2020b; Brasil et al., 2020; Moy et al., 2022;
Cunha et al., 2022).

2.4. Spatial variables

The spatial structure was obtained using Principal
Coordinates Analysis of the Truncated Distance Matrix (PCNM)
(Dray et al., 2006), the axes of the PCNM were selected using
Moran's Index. Positive and significant p < 0.05 axes were selected
(PCNM1, PCNM3, PCNMS5). Positive and significant Moran’s
Index values indicate spatial autocorrelation, while negative
values indicate random distribution. Statistical significance was
tested using 999 permutations (Monte Carlo test). The PCNM
was generated with the ‘pcnm’ function and the axes were
selected with the ‘moran.randtest’ function from the vegan
(Oksanen etal.,2019)and adespatial (Dray etal., 2019) packages.

2.5. Data analysis

We use a Principal Component Analysis (PCA) with
the twelve HII observations per Stream to summarise
the variation in integrity, denoted by the acronym ‘Q’.
We also used the total HII value as a bubble variable to
differentiate between sites with higher and lower habitat
integrity (Legendre and Legendre, 2012). Only question
number eleven (Q11), referring to aquatic vegetation,
had to be removed from the analysis as it had a variance
equivalent to zero. In the index, this question obtained
the same value for all the streams, as all the streams
were classified as ‘When present, consists of mosses
and patches of algae’ (Nessimian et al., 2008). We used
the Broken-Stick criterion to check which components
were more explanatory than chance. The vegan
(Oksanen et al., 2019) and ggplot2 (Wickham, 2016)
packages were used.

We used linear models (Simple Linear Regression) to
evaluate the effect of Hil on the richness and abundance of
Gerromorpha species, testing the assumptions of normality
and homogeneity of variances (Zar, 2010). To check the
effect of spatial structure and HIl on Gerromorpha species
composition, we used distance-based Redundancy Analysis
(db-RDA; Legendre and Anderson, 1999), to check the effect
of HII, we used the abundance matrix (Bray-Curtis), and
we inserted the spatial vectors as covariates to analyse the
possible effect of spatial autocorrelation. Finally, to check
the effect of space, we used the abundance matrix and
the spatial vectors. For the db-RDA we tested significance
with the ‘anova’ function with 999 permutations, vegan
and adespatial packages.

4/10

3. Results

3.1. Characterization of the habitat integrity of the streams
sampled

The Habitat Integrity Index of the sampled streams
ranged from 0.52 to 0.96 (average 0.73). Some of the streams
collected were influenced by anthropogenic activities,
especially those outside the protected areas, such as
PFO01(0.52) and PF04 (0.54) in pasture areas, and inside the
FLONA Carajas only PF11 (0.60) was influenced by natural
treefall in the surrounding area, which caused siltation
in some sections of the stream, the entry of large gravel,
destabilized banks, and clearings in the riparian forest.

The PCA using the HII questions explained 73.6% of
the variation, with 61.2% on the first axis and 12.4% on
the second axis (Figure 2). Streams PFO1, PFO2, PF03,
PF04, PF10 and PF11 are furthest to the right of the graph,
representing streams with lower habitat integrity values
(red). The others follow the arrows of the observations to
the right, representing the side with the highest habitat
integrity values (green). It can be seen that streams with
higher HII values are positively related to habitats with
retention devices (Q5), better soil bank structure (Q7), the
presence of an excavated bank (Q8) and debris (Q12). While
streams with low HII values have a negative relationship
with Q5,Q7,Q8, Q12, as well as the quality of the riparian
vegetation zone (Q4) and the stream bed (Q9).

3.2. Description of Gerromorpha Community

Atotal of 1.467 Gerromorpha were sampled, distributed
into four families (Gerridae, Hydrometridae, Mesoveliidae
and Veliidae), 13 genera, and 34 species (Supplementary
Material; Table S1). The Veliidae family had the highest
species richness (N= 24). The most abundant species
were Rhagovelia tenuipes Champion, 1898 (N=61),
Brachymetra lata Shaw, 1933 (N=119) and Oiovelia chenae
Rodrigues; Melo, 2014 (N=65). The least representative species
in terms of number of individuals were Microvelia hamadae
Santos, Rodrigues, Couceiro; Moreira, 2021, Rhagovelia elegans
Uhler, 1894, Rheumatobates minutus flavidus Drake; Harris,
1942 and Stridulivelia sp.01 with 1 individual each.

3.3. Effect Index Habitat Integrity (HII) and spatial
structure in community Gerromorpha

When we evaluated the effect of HIl on abundance
and richness, we found no effect of HIl on abundance
(F 5= 0.002; p= 0.962; adjusted R>= -0.124) and richness
(F,5=0.105; p=0.753; adjusted R*= -0.110), not corroborating
our hypothesis i). The Gerromorpha species composition
among the streams sampled, showed no significant
differences in relation to HII (F= 1.197; p=0.343; adjusted
R?=0.025), contradicting our hypothesis ii).

The Gerromorpha community showed a relationship
with spatial structure (PCNM1), indicating that the distance
between the streams sampled interferes with species
distribution (F= 3.019; p= 0.003; adjusted R?>= 0.20). The
first two axes of the db-RDA explained 38.1% of the
variation in the data (Figure 3). Only PCNM1 showed
an association with variation in community structure,
suggesting a broad-scale spatial pattern influencing the
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Figure 2. PCA using the values of the HII observations, represented by the code ‘Q’ and its number in the index. Q1 - Land use pattern
beyond the riparian zone; Q2 - Width of riparian forest; Q3 - Completeness of riparian forest; Q4 - Vegetation of riparian zone within
10 m of channel; Q5 - Retention devices; Q6 - Channel sediments; Q7 - Bank structure; Q8 - Bank undercutting; Q9 - Stream bottom;
Q10 - Riffles and pools, or meanders; Q12 - Detritus. HII values as a bubble variable represented as colours in each stream. The colour
gradient represents the integrity gradient between the sites sampled, ranging from orange-red (lowest value) to dark blue (highest value).
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Figure 3. Variation in composition between streams in relation to spatial variables (PCNM), resulting from distance-based redundancy
analysis (db-RDA).
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distribution of Gerromorpha species among the streams
sampled, corroborating our hypothesis iii) that the distance
between the streams would have an effect on the structure
of the community.

4. Discussion

The absence of a significant effect of the Habitat
Integrity Index (HII) on the abundance and richness of
Gerromorpha may indicate that the HII did not capture
sufficiently broad variations to reflect detectable changes
in the abundance and richness. The HII values among the
sampled streams showed low variation (0.52 to 0.96), which
may mask the effect on richness and abundance, since the
variable HIl is usually a good predictor of species richness
(Dias-Silva et al., 2020a; Moy et al., 2022).

Furthermore, the lack of response in abundance and
richness does not necessarily imply the absence of impact.
Although the streams sampled are distributed between a
protected area and the surrounding area with anthropogenic
activities, such as grazing. These streams, located outside
the protected area, had some kind of vegetation around
them. In addition, some of the streams are connected,
which may facilitate the dispersal of these species.
Gerromorpha, although responsive to habitat alterations,
also exhibits a high dispersal capacity, which can buffer
the local effects of degradation (Cunha and Juen, 2017).
Thus, even in more altered environments, the presence and
abundance of tolerant species may mask potential losses
of more sensitive species. Depending on the intensity of
the impact, species can become more or less abundant,
or remain unchanged.

The species composition of Gerromorpha was not
structured by the Habitat Integrity Index (HII); however,
we observed a spatial effect on community structure.
This pattern suggests that spatial processes, such as the
proximity among streams, hydrological connectivity, and
the active or passive dispersal of species, are influencing
the assemblage composition (Franco et al., 2023). Some
Gerromorpha species have an expressive dispersive
capacity and sensitivity to changes in their microhabitats,
abandoning the site within a few generations if necessary
and thus generating alarm dimorphism, being considered
tolerant to minor disturbances (Dias-Silva et al., 2010;
Cunha and Juen, 2017).

As a consequence, spatially proximate sites tend to
share more species, even when exhibiting varying levels of
habitat integrity. Geographic distance may thus structure
communities more strongly than environmental variables,
particularly under conditions of environmental homogeneity
or when the gradient of anthropogenic disturbance is
narrow (Heino et al., 2015). Moreover, the observation of
this pattern aligns with metacommunity theory, which
posits that the composition of local communities is shaped
not only by environmental conditions but also by the
dispersal capacity of organisms to colonize available habitats
(Leibold et al., 2004; Gronroos et al., 2013).

The absence of a clear environmental structure,
combined with the observed spatial influence, is consistent
with the mass effect mechanism, whereby high habitat
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connectivity promotes a continuous flow of individuals
among sites within a region (Leibold et al., 2004). In this
context, the similarity in species composition among
nearby stream metacommunities is not solely attributable
to local environmental factors but also to the biological
exchange occurring among streams. Therefore, variation in
species composition is driven not only by abiotic factors,
but also by the interaction among dispersal limitations of
Gerromorpha species, the historical land use surrounding
the Carajas National Forest (FLONA Carajas), and the spatial
connectivity among stream habitats (Leibold et al., 2004;
Heino et al., 2015).

The most abundant species in our study were R. tenuipes,
R. evidis, B. lata and O. chenae. Of these species, R. evidis
and B. lata are more sensitive and associated with forested
streams (Cunha and Juen, 2017). The most abundant
species were found in streams both inside and outside the
protected area, except for O. chenae, a generalist species
which was found only in streams outside the protected
area. In addition, the protected area may act as a corridor
between streams, since it ensures the protection of the
riparian forest and habitats along these water bodies. This
is particularly relevant given that the distribution patterns
and composition of semiaquatic insect communities
are commonly influenced by dispersal, spatial and
environmental characteristics, yet they are easily affected
by changes resulting from anthropogenic activities (Cunha
and Juen, 2017; Barbosa et al., 2020; Bakonyi et al., 2022).

5. Conclusion

Our results showed that the Gerromorpha community
was related to spatial structure, i.e. nearby streams interfere
with the distribution of species, since they have a dispersal
capacity. Furthermore, there was no influence of the HII
on their richness and abundance. In general, the streams
closest to each other have similar species composition and
environmental conditions, as shown by the low variation
in HII values. Despite this, it was possible to note the
differentiation between the integrity of streams inside and
outside protected areas such as the FLONA Carajas. Therefore,
our findings highlight the importance of spatial structure for
the composition of Gerromorpha species and of the forest
for maintaining habitat integrity and aquatic biodiversity.
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