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Effects of geographic distance and abiotic
variables on larval Odonata assemblages
in western Amazon savannah lakes
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Abstract: Odonata, comprising the suborders Anisoptera and Zygoptera, are important
bioindicators of aquatic ecosystem health due to their sensitivity to environmental
changes. We assessed the effects of environmental variables and geographic distance
on larval Odonata assemblages in 25 natural lakes of the Brazilian savannah, in northern
Roraima. We focused on Anisoptera, characterized by strong flight abilities and greater
dispersal capacity, and Zygoptera, which are more sensitive to local environmental
variation due to their limited dispersal capacity. We collected 9,578 larvae of 12 Anisoptera
species and 2,884 larvae of eight Zygoptera species. Larval Odonata assemblages are
influenced by abiotic variables rather than geographic distance, and richness was
positively associated pH. Assemblage composition and abundance were affected by
key abiotic conditions. Odonata abundance was positively correlated with oxygen and
temperature, but negatively correlated with phosphate. Anisoptera abundance increased
with dissolved oxygen and geographic distance, but decreased with phosphate and
electrical conductivity. Meanwhile, Zygoptera abundance showed a positive correlation
with conductivity and temperature but a negative relationship with geographic distance,
pH, and phosphate. Additionally, pH influenced assemblage composition, positively
affecting Anisoptera but negatively Zygoptera. Our results provide valuable insights
into conservation planning and environmental policies aimed at preserving aquatic
biodiversity in the region.

Key words: Aquatic insects, Anisoptera, Environmental variables, Geographical distance,

Lentic, Zygoptera.

INTRODUCTION

Understanding species distributions and the
factors shaping aquatic assemblages is essential
for the conservation of these environments and
their biodiversity (Basset et al. 2012, Oliveira Jr. &
Juen 2019). Locally, assemblages are structured
by both biotic (e.g.,, predation and competition)
and abiotic factors (Brasil et al. 2020). In lentic
environments, key abiotic drivers include
connectivity, pH, temperature, and dissolved
oxygen (Remsburg & Turner 2009, Pires et
al. 2018, Bacca et al. 2021, Brito et al. 2021).

Additionally, dispersal capacity also influences
the diversity of Odonata assemblages (Melian
et al. 2015). However, the interactions between
these factors vary across biome, complicating
predictions of assemblage structure (Gotelli et
al. 2009, Legendre 1993).

Brazil's diverse ecosystems include the
Atlantic and Amazonian forests and the
distinctive Guiana-Venezuela savannahs, known
as the non-flooded grassland savannahs (Prance
1996), which cover over 230,104 km?2 and are
located mainly in northern and northeastern
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Roraima (Miranda & Absy 2000). Its unique
flora and fauna differ significantly from other
Brazilian savannahs, underlining its importance
for biodiversity studies (Miranda & Absy 2000,
Barbosa et al. 2005). The Roraima savannah
contains numerous natural lakes that support a
wide variety of species, including anurans, birds,
and insects (Barbosa et al. 2005, Oertli et al.
2005, 2010). These lakes are critical for aquatic
biodiversity, yet research in the region is scarce.
Of the 136 studies conducted in the last past
80 years, less than 15% focused on Brazilian
invertebrates, mainly soil fauna (Carvalho &
Mustin 2017). Thus, Savannah lakes represent
a unique and understudied freshwater system
within the Amazon.

Odonata have aquatic larvae and terrestrial
adults, functioning as key predators in both life
stages (Corbet 2004, McPeek 2004). In Brazil,
the two recorded suborders, Anisoptera and
Zygoptera, differ in life history, physiological
traits, and responses to environmental
changes (Corbet 2004, Albuquerque et al.
2024). Anisoptera adults are adapted to high
metabolic demands and are characterized by
robust bodies, advanced thermoregulation, and
greater dispersal abilities (Oliveira Jr. et al. 2019,
Brasil et al. 2020). Their larvae, which breathe
through rectal tracheal gills, are less vulnerable
to environmental changes (Corbet 1980, Mendes
et al. 2019). In contrast, Zygoptera adults have
more delicate bodies, lower thermoregulatory
capacity, and reduced dispersal (Brasil et al.
2020), making them more dependent on stable
local environments. Their larvae, which respire
via external lamellae (Corbet 1980), are generally
more sensitive to environmental changes.
Consequently, the suborders respond differently
to abiotic and spatial factors. Studies in Brazilian
coastal lagoons suggest that Zygoptera diversity
is influenced by local abiotic factors (e.g., oxygen,
connectivity, and climate) and Anisoptera by
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geographic distance (Pires et al. 2018). Similarly,
Anisoptera are more influenced by climatic
factors, whereas Zygoptera are more affected by
water chemistry (Bacca et al. 2021). However, it
remains unclear whether these patterns hold in
Amazonian savannah lakes.

Despite their importance as biodiversity
hotspots, the factors influencing Odonata
assemblages in these lentic environments
remain poorly understood. We evaluated
the influence of geographic distance and
environmental variables on the abundance,
richness, and composition of Odonata larvae in
savannah lakes of Roraima, Brazilian Amazon.
Based on the distinct traits, we hypothesize that
Anisoptera, with greater dispersal capacity, are
primarily influenced by geographic distance
(Pires et al. 2018), whereas Zygoptera, with
limited dispersal, respond more strongly to local
environmental conditions (Bacca et al. 2021).

MATERIALS AND METHODS

The collections were carried out in the
municipalities of Alto Alegre and Boa Vista,
Roraima, Brazil (02°46'00.4"N - 03°10'53.9"N,
60°45'38"W - 61°06'46.2""W; Figure 1), at an
approximate elevation of 76 meters. The region
consists of flat terrain (Rio Branco-Rio Negro
Pediplain) at an altitude of 85-140 m (Franco et
al. 1975, Costa et al. 2005) and is dominated by
savannah vegetation (Veloso et al. 1975, Miranda
& Absy 1997), with grasses and Cerrado shrubs
(Curatella americana, Byrsonima crassifolia).
We initially selected 50 lakes based on
size and circular shape, each with a perimeter
of approximately 700 m. These lakes were
georeferenced using satellite imagery from
Google Earth Pro (v.7.1). Based on this survey, 25
lakes were retained for sampling, selected on the
basis of water retention during the dry season
and a minimum distance of 1 km. The maximum
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Figure 1. Distribution of the lakes (n=25) where Odonata (Insecta) larvae were sampled in August 2015, in the
municipalities of Alto Alegre and Boa Vista, Roraima, Brazil.

geographical distance between the sampling
units in our study is 461 km longitudinally and
41.6 km latitudinally. Sampling was carried out
along BR-174 and RR-205 in Alto Alegre and Boa
Vista, Roraima, taking into account the presence
of farms, logistics and accessibility. Of the 25
lakes sampled, two were located near soybean
fields and one showed signs of cattle use, while
the others had no apparent anthropogenic
impact. Local people estimated that this land
use had been going on for 10-15 years.

We sampled Odonata larvae in August 2015,
at the end of the rainy season, when aquatic
assemblages are more stable and larvae are
in advanced stages of development (Corbet
2004). In each lake, we collected 10 samples
(30 seconds) per lake using a D-frame net to
maximize substrate and area coverage in the
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shallow margins (Figure 2). This approach was
adapted from De Marco Jr. et al. (2013), who
collected 10-second samples. We examined
all individuals sampled in the 250 subsamples
under a stereoscopic microscope. Specimens
were identified at the species level when
possible, using taxonomic literature (De Marmels
& Racenis 1982, Davies & Tobin 1984, 1985, De
Marmels 1988, 1989, 1992, Needham et al. 2000,
von Ellenrieder & Garrison 2003, Lencioni 2005,
2006, Garrison et al. 2006, 2010). ldentified
specimens were preserved in 80% ethanol, with
the reference material being deposited at the
Instituto Nacional de Pesquisas da Amazénia -
INPA Invertebrate Collection.

Additional collections included active
searches for late-stage and penultimate
larvae to raise to adulthood for taxonomic
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Figure 2. Schematic showing the distribution of the 10 sub-samples collected in each lake, in the municipalities of
Alto Alegre and Boa Vista, Roraima, Brazil, for the study of the Odonata larvae assemblage.

identification. Since Odonata taxonomy is based
on male adults, this method ensures accurate
species determination. Live larvae were kept in
polystyrene containers (11 x 9 x 6 cm) with water,
sticks, and sediment from their habitat, and then
transported to the Laboratorio de Citotaxonomia
e Insetos Aquaticos - LACIA at INPA.

In the field, the dissolved oxygen (mg/L),
hydrogen ion potential (pH), temperature (°C)
and electrical conductivity (us/cm) of the water
were measured using an oximeter (Oakton DO
300 Meter) and a potentiometer/conductivimeter
(Oakton PC Tester 35). To determine the
concentrations of phosphate, potassium, and
chloride, 500 mL water samples were taken from
the surface of each lake where the depth of the
water column was 40 cm. Samples were kept

cold in coolers during collection and transport
to minimize microbial activity (Machado et al.
1995).

Statistical analysis

We considered the lake site as the sample
unit. We calculated Odonata and its suborders
richness (number of taxa), abundance (sum of
individuals), and assemblage composition. To
assess the completeness of our sampling, we
performed a rarefaction analysis (rarecurve and
specaccum functions, vegan R package) in R.
Rarefaction curves were generated for each lake
to visualize the relationship between sampling
effort (individuals) and observed richness.
Additionally, a species accumulation curve
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was generated to assess the overall sampling
sufficiency across all sites.

To account for spatial structure in our
analyses, we calculated Euclidean distances
between lakes based on their geographic
coordinates (latitude and longitude). We
then performed a Principal Coordinates of
Neighboring Matrices (PCNM) analysis, using
the minimum spanning tree as the truncation
criterion to define spatial connectivity between
sites. Only significant spatial eigenvectors
(Moran’s I, p < 0.05; n= 3) were retained and
subjected to Principal Component Analysis (PCA).
The first PCA axis was used as a unidimensional
proxy for geographic distance. This variable
captured the main spatial gradient across
the study area and was included in multiple
regression models to evaluate its influence,
along with abiotic factors, on Odonata richness,
abundance, and assemblage composition. We
used multiple regression to model relationships
between Odonata (and suborders) richness,
abundance, and assemblage composition and
six explanatory variables: geographic distance
and seven abiotic factors (electrical conductivity,
dissolved oxygen, nitrate, pH, phosphate,
potassium, and temperature). Multicollinearity
was assessed through correlation analysis
between the independent variables, as high
correlation (r > 0.7) between variables, such
as nitrate and phosphate, can lead to biased
estimates (Zar 2010). We retained phosphate to
analysis.

We used generalized linear mixed-effects
models (GLMM) with Poisson distribution (glmer
function, lme4 R package; Bates et al. 2015)
to assess the effects of abiotic variables and
geographic distance on richness and abundance
of Odonata and its suborders. In these models,
explanatory variables (see Supplementary
Material - Table SI) were fixed effects, while
sampling days were included as random effects
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to account for multiple lakes sampled per day
and temperature or rainfall effects on activity
or larval abundance. The best LME model was
selected using Akaike’s information criterion
(AIC) and backward elimination (dredge
function, MuMIn R package; Barton 2022). Model
assumptions were visually assessed using the
DHARMa package in R.

The influence of abiotic factors on Odonata
assemblages was assessed using Redundancy
Analysis (RDA; Legendre & Legendre 2011).
The response matrix, consisting of species
abundance data, was Hellinger-transformed to
reduce the influence of highly abundanttaxa and
to allow Euclidean-based ordination (Legendre
& Gallagher 2001). The explanatory matrix
included environmental variables measured in
each lake and a proxy for geographic distance.

To account for spatial autocorrelation, we
performed Partial Redundancy Analysis (pRDA)
by including spatial variables derived from a
PCNM analysis, based on Euclidean distances
calculated from geographic coordinates (Borcard
& Legendre 2002, Dray et al. 2006). The resulting
PCNM eigenvectors were used as covariates in
the pRDA, allowing the partitioning of variation
into pure environmental effects, pure spatial
effects, their shared component, and residuals
(Legendre & Legendre 2011). All analyses were
performed in R (R Core Team 2024) using the
vegan package.

RESULTS

Abiotic variables

The sampled lakes exhibited warm, acidic, and
low-conductivity waters (mean temperature =
31.8°C, pH = 4.86, conductivity = 9.617 uS cm~";
Table ). Dissolved oxygen averaged 416 mg
L=, Nutrient levels were generally low, except
for phosphate, which showed high variability
(015-21.38 mg L1).
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Table I. Minimum, maximum, mean and standard deviation values of the environmental variables of lake water

(n=25) in savannah, Roraima, Brazil.

Variable Minimum
Chloride (mg LN 014
Electrical conductivity (us cm™) 332
Dissolved oxygen (mg LN 2.90
Nitrate (mg L) 0.00
pH 473
Phosphate (mg L) 015
Potassium (mg L™ 0.00
Temperature (°C) 264

Influence of abiotic factors and geographic
distance on richness and abundance

A total of 12,462 Odonata specimens were
collected, comprising 9,578 Anisoptera and 2,884
Zygoptera, representing 20 taxa across 14 genera
and four families (Table II; Table SI). The most
abundant species, Erythrodiplax sp. (Anisoptera),
Tramea darwini (Anisoptera), Lestes forficula
(Zygoptera), and Erythemis sp. (Anisoptera),
comprised 74% of all specimens. The average
Odonata richness was 10.1 + 2.4 taxa/lake (range:
7 to 15). Rarefaction and species accumulation
analyses indicated that the sampling effort was
sufficient to adequately represent the Odonata
diversity within and among lakes (Figure S1).
The majority of rarefaction curves approached
asymptotes, indicating sufficient sampling
completeness at the lake level. In a similar vein,
the species accumulation curve demonstrated
a plateau with narrow confidence intervals
after approximately 20 lakes, suggesting that
the observed richness (~20 species) captures
most of the regional diversity. Odonata richness
was positively associated with pH, accounting
for 4% of its variability (Table Il). The Odonata

Maximum Mean gg?:t?;?‘

1.72 0.69 0.35
22.50 9.61 492
5.72 416 0.74
0.68 0.04 014
535 4.86 om
21.38 2.33 4.52
0.56 0.10 014
36.80 31.80 2.96

abundance was explained by 55% of the variation
and was positively correlated with geographic
distance, dissolved oxygen, and temperature,
but negatively with phosphate.

Anisoptera presented an average
richness of 6.2 + 1.5 taxa/lake (range: 3 to
9). Environmental variables explained 4% of
Anisoptera richness variation (Table 1), with
richness negatively correlated with water
temperature. Anisoptera abundance was
positively associated with dissolved oxygen and
geographic distance, but negatively correlated
with electrical conductivity and phosphate. The
average Zygoptera richness was 3.9 + 1.7 taxa/
lake (range: 1 to 7). Environmental variables
explained 3% of Zygoptera richness variation
(Table 1), with richness positively correlated
with pH. Zygoptera abundance variation (72%)
was driven by environmental factors, showing
positive correlations with electrical conductivity
and temperature but negative correlations with
geographic distance, pH, and phosphate.
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Table Il. Influence of environmental variables and geographical distance (G) on Odonata assemblages of lakes in
savannah, Roraima, Brazil. EC = Electrical conductivity; DO = Dissolved oxygen; GD = Geographical distance; PO =

Phosphate; WT = Water Temperature.

Selected model Factor
Richness Odonata ~ pH intercept
Marginal r2 = 0.04 pH
Conditional r2 = 0.04
Richness Anisoptera ~ WT intercept
Marginal r2 = 0.04
Conditional r2 = 0.04 WT
Richness Zygoptera ~ pH intercept
Marginal r2 = 0.03 pH
Conditional r2 = 0.03
Abundance Odonata ~ DO + intercept
GD + PO + WT DO
Marginal r2 = 0.55 GD
Conditional r2 = 0.99 PO
WT
Abundance Anisoptera ~ DO + EC + GD + PO | intercept
Marginal r2 = 0.58 DO
Conditional r2 = 0.99 EC
GD
PO
Abundance Zygoptf:’?l_; EC + GD + Ph + PO intercept
Marginal r2 = 0.72 EC
Conditional r2 = 0.99 GD
pH
PO
WT

Influence of abiotic factors and geographic
distance on assemblage composition

Redundancy Analysis (RDA) revealed that the
set of environmental variables and geographic
distance significantly explained variation
in Odonata larval assemblages (F = 1.71, p =
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Estimate df logLik = AICc = Weight @ delta

-0.35 3 -581 1233 01 15

0.55
2.67 3

-49.7 106.4 01 17

-0.03

-2.62 3 -484 1 1039 01 1.6

0.82

-7.82 6
018
0.06

-614 1244 0.3 12

-013

0.04

-5.84 6 -584 1185 0.3 1.8
om

-0

0.2

-0.56

6.43 7 -460 9401 0.5 0

0.05
-0.34
-3.84
-012
0.24

0.005). The first axis (RDA1) accounted for 8.6%
of the explained variance and was statistically
significant (F = 7.22, p = 0.005). In contrast,
subsequent axes were not significant (p > 0.05).
Phosphate, potassium, nitrate, and electrical
conductivity exhibited a positive association with
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Figure 3. Redundancy
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RDAT (Figure 3). Conversely, geographic distance,
temperature, pH, and chloride demonstrated a
negative association with RDA1. Lestes forficula
and Pantala flavescens were strongly associated
with higher concentrations of dissolved oxygen.
Erythemis sp. and Erythrodiplax sp. were closely
aligned with the vectors for phosphate, nitrate,
potassium, and electrical conductivity. Tramea
calverti was strongly associated with geographic
distance.

Inthe pRDA, geographic distance and abiotic
variables explained 21% of Odonata assemblage
variation, with stronger effects on Anisoptera
(34%) than Zygoptera (14%). Geographic distance
alone had no significant impact on assemblages
(p > 0.05; Figure 4), while abiotic factors
significantly influenced Odonata and Anisoptera
composition, but not Zygoptera (Figure 4).

DISCUSSION

We found that geographic distance between
lakes only influenced the abundance of Odonata

and their suborders, with no detectable effects
on species richness or assemblage composition.
In lentic systems, environmental variables often
exert a stronger influence on aquatic insect
assemblages than spatial factors, especially
for species with limited dispersal ability (Heino
et al. 2015, Bacca et al. 2021). This pattern is
consistent with findings from Cerrado streams
(Mendes et al. 2015) and Amazonian systems
(Juen & De Marco Jr. 2011), where spatial effects
on Odonata distributions were also minimal. In
our study, local environmental filters such as
pH, phosphate, and temperature likely played a
dominant role in shaping community structure-
especially for Zygoptera. Conversely, Anisoptera,
with greater flight capacity, are less constrained
by spatial barriers, which may explain the
lack of spatial structure in their composition.
Nevertheless, geographic distance had a
positive effect on Anisoptera and total Odonata
abundance, while Zygoptera showed a negative
response. Interestingly, Tramea calverti was
associated with geographic distance in the RDA,
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a)  Abiotic

Space

Residuals = 0.87

b) Abiotic Space

Residuals = 0.80

C) Abiotic Space

Residuals =0.92

Figure 4. Partial Redundancy Analysis variance partition on the species composition of a) Odonata, b) Anisoptera,
and c) Zygoptera from savannah lakes, Roraima, Brazil. The fractions represent the effect of the environment only,
only the space, together environment and space and residue. The relationship between environmental variables
and assemblage composition varied from 10% (Zygoptera) to 24% (Anisoptera; Table II). The selected models for
Odonata and Zygoptera composition were negatively related to pH, while Anisoptera composition was positively

related to pH.

suggesting that even highly mobile taxa may
respond to spatial gradients in local abundance.
These results highlight that spatial effects
on Odonata are both scale-dependent and
response-specific, affecting abundance rather
than richness or taxonomic composition. The
relatively small spatial scale of our study may
have further limited the detection of broader
spatial patterns, as larger scale studies have
shown stronger spatial structuring in highly
mobile species (De Bie et al. 2012). Ultimately,
both species traits and spatial scale mediate
the relative roles of environmental and spatial
processes in structuring Odonata assemblages.

The Odonata richness observed in our study (20
species across 25 lakes) was comparable to other
surveys conducted in Amazonian lentic habitats,
such as artificial ponds (e.g., Santos et al. 2021),
suggesting a moderate species richness. A
rarefaction analysis indicates that our sampling
effort captured most of the estimated richness.
However, when compared to more structurally
complex systems such as forested streams or
macrophyte-rich lakes—the study area likely
exhibits lower taxonomic richness, possibly due
to its open vegetation, low macrophyte cover,
and homogeneous habitat structure. Vegetation
influences environmental conditions and
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provides key oviposition and locomotion sites
for Odonata species (Carvalho & Nessimian
1998, Corbet 2004, De Marco Jr. et al. 2015). The
genera collected are typical of open areas with
sparse vegetation, few macrophytes, sandy soils,
and high solar radiation (Carvalho & Nessimian
1998, Corbet 2004). Increased light and heat in
Amazonian streams favor Anisoptera, leading to
assemblage homogenization (Monteiro Jr. et al.
2015). Similarly, the low macrophyte diversity and
grass dominance in savannah lakes may explain
the prevalence of Anisoptera, which thrive in
open environments. These findings highlight the
role of habitat homogeneity in shaping Odonata
assemblages in lotic and lentic systems.

The relative influence of environmental
and spatial variables on Odonata assemblages
varied among taxonomic groups and analytical
approaches. Generalized linear mixed models
(GLMMs) revealed strong relationships between
environmental predictors and geographic
distance on species richness. In contrast,
redundancy analysis (RDA) and partial RDA
(pRDA) explained less of the variation in species
composition. These results demonstrate that
while environmental gradients influence
abundance patterns, particularly for Zygoptera,
such effects are not always reflected in species
composition. This discrepancy highlights
the complementary nature of GLMMs and
ordination-based methods such as pRDA.
Abundance models tend to be more sensitive to
subtle ecological responses and environmental
filtering, whereas multivariate methods capture
broader patterns of species turnover, which may
be limited when assemblages are taxonomically
similar or governed by stochastic processes
(Legendre & Legendre 2011, Blanchet et al. 2008,
Heino et al. 2015).

In the lakes studied, electrical conductivity
negatively affected Anisoptera abundance, but
positively influenced Zygoptera, reflecting their
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ecological differences. Anisoptera may be more
sensitive to ionic fluctuations, while Zygoptera
could benefit from moderate increases in
electrical conductivity due to increased
nutrient availability. Electrical conductivity
influences Odonata assemblages by affecting
larval osmoregulation (D'’Amico et al. 2004) and
adult oviposition, favoring species adapted to
specific tolerance ranges (Cannings et al. 1980,
Corbet 2004, Rychta et al. 2011). Additionally,
intermediate levels of electrical conductivity
may also increase nutrient availability for
primary consumers, thereby increasing prey
resources for Odonata (Leite et al. 2016).

Dissolved oxygen was positively correlated
with the abundance of Odonata and Anisoptera.
Generally, well oxygenated waters support
higher abundance and diversity of aquatic
organisms due to enhanced aerobic metabolism
and reduced physiological stress (Baselga
et al. 2007, Jacobsen & Marin 2008). Insects
with active predatory habits, such as many
Anisoptera larvae, are particularly sensitive to
oxygen availability because they require high
metabolic rates to sustain foraging and growth
(Corbet 2004). The dissolved oxygen levels
recorded in the studied lakes (ranging from 2.9 to
5.7 mg L-") are relatively low and may approach
suboptimal thresholds for some taxa, especially
under the combined effect of elevated water
temperatures that reduce oxygen solubility and
increase metabolic demand (Gutiérrez-Canovas
et al. 2013).

In our study, phosphate concentration,
which is highly correlated with nitrate, was
negatively related to the abundance of Odonata
and both suborders. This suggests that
elevated phosphate levels, likely associated
with agricultural runoff from surrounding
soybean plantations, may disrupt the ecological
balance of these assemblages by altering water
quality and habitat suitability. Similar negative
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effects of nitrate and phosphate on Odonata
have been reported in urban and rural areas
(Hofmann & Mason 2005, Holtmann et al. 2018,
Perron et al. 2021). Interestingly, Erythemis sp1
and Erythrodiplax sp1 were associated with
phosphate in the RDA, suggesting a possible
link to nutrient-enriched conditions. Although
many species within the genera Erythemis
and Erythrodiplax are considered ecological
generalists and can rapidly colonize and thrive
in altered environments due to their short life
cycles and behavioral flexibility (Villalobos-
Jiménez et al. 2016, Sganzerla et al. 2021, Rocha
et al. 2023).

We found that pH negatively affected
Zygoptera abundance, but positively influenced
Odonata and Zygoptera richness. These
contrasting patterns highlight the taxon-specific
and context-dependent nature of pH effects on
aquaticinsects.Intransitionalzones betweenthe
Amazon and the Cerrado, positive relationships
between pH and Zygoptera richness and
Anisoptera abundance were recorded (Mendes
et al. 2018). Conversely, in temperate Canadian
lakes, Anisoptera abundance was negatively
related to pH, while Odonata richness showed
a positive relationship (Bendell & McNicol
1995). Such differences may reflect regional
adaptations, species turnover, and interactions
with other environmental factors. Acidic
conditions, particularly at pH values below
4.5, can cause physiological stress in aquatic
invertebrates by disrupting ion regulation,
reducing reproductive success, and narrowing
ecological niches (Gorham & Vodopich 1992,
Thalib et al. 2021), resulting in the presence of
only adapted species.

In the studied lakes, water temperature
negatively affected Anisoptera richness and
Zygoptera abundance but positively influenced
Odonata abundance. Temperature is strongly
correlated with Odonata diversity in both
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lotic and lentic environments (Oliveira Jr.
et al. 2019, Oliveira Jr. & Juen 2019, Barzoki et
al. 2020, Ferreira Neto et al. 2021). In warmer
lakes, Odonata assemblages were dominated
by Ischnura (Zygoptera), Telebasis (Zygoptera),
and Tramea (Anisoptera), which are common
and abundant in lentic habitats (Franco &
Takeda 2002). Odonata in open and unshaded
environments with a wide temperature range
tend to be tolerant generalists, characterized
by traits such as high thermal tolerance, short
development cycles, and broad ecological
plasticity. The presence of genera like Pantala,
Tramea, Erythrodiplax, Erythemis, and Ischnura
supportsthis pattern,asthese taxaare commonly
associated with open, sunlit habitats with lower
structural complexity (Sonoda 2025, Monteiro
Jr. et al. 2015). These species often dominate in
anthropogenically altered or naturally simplified
systems, reflecting their generalist strategies in
colonizing and persisting in a range of lentic
environments.

In summary, our study reveals that abiotic
factors play a stronger role than geographic
distance in structuring larval Odonata
assemblages in Amazonian savannah lakes.
The abundance of Anisoptera is influenced
by both environmental conditions and spatial
gradients, while Zygoptera are more sensitive
to local water chemistry. The substantial impact
of pH, phosphate, temperature, and dissolved
oxygen underscores the susceptibility of these
assemblages to environmental fluctuations.
These findings underscore the ecological
value of savannah lakes and support the use
of Odonata as bioindicators for freshwater
conservation strategies in the Amazon.
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