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Factors structuring the spatial distribution of Chironomidae larvae
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Abstract: Aim: In order to identify the factors structuring the spatial distribution of the
Chironomidae community, we analyzed the effects of water and sediment characteristics,
flood duration and type of phytophysiognomic unit on the taxa composition of this
community. Métodos: O estudo foi realizado em 26 parcelas do Sitio de Amostragem de
Longa Duragio (SALD), localizado em uma drea sazonalmente inundével na parte norte
do Pantanal (Brasil). The study was conducted at 26 plots of the Long-Term Sampling
Site, located in a seasonally flooded area in northern Pantanal (Brazil). Sediment samples
were taken from each plot to analyze the Chironomidae community, organic matter
and particle size; limnological parameters (depth, water temperature, dissolved oxygen,
electrical conductivity and pH); besides the duration of flood. Results: We identified 432
individuals distributed into 21 Chironomidae taxa. Polypedilum and Ablabesmyia were
the most frequent spatially. The multivariate multiple regression analysis showed that the
community composition was significantly related to the flood duration and grain size
characteristics, but not to phytophysiognomic units and limnological parameters. Plots
with predominantly sandy substrate and flooded for a shorter time presented a greater
occurrence of taxa. Conclusions: The gradient produced by the spatial distribution of
sediment grain size and flood duration determined the distribution of Chironomidae taxa.
Changes in the hydrological functioning of the Pantanal, such as those from reservoir
construction in the uplands region and roads and dykes construction in the floodplain
could then impact the local chironomid biodiversity.

Keywords: flood duration, sediment grain size, composition of community,
chironomids, Pantanal.

Resumo: Objetivos: Para identificar os fatores estruturadores da distribuicio
espacial da comunidade de Chironomidae, analisamos os efeitos das caracteristicas da
dgua ¢ do sedimento, da duracio da inundacdo e do tipo de unidade fitofision6mica
sobre composi¢io de téxons desta comunidade. Métodos: O estudo foi realizado em
26 parcelas do Sitio de Amostragem de Longa Duragio (SALD), localizado em uma
drea sazonalmente inundédvel na parte norte do Pantanal (Brasil). Em cada parcela
foram coletadas amostras de sedimento para analisar a comunidade de Chironomidae,
matéria orginica e granulometria; pardmetros limnolégicos (profundidade, temperatura
da 4gua, oxigénio dissolvido, condutividade elétrica e pH); além da duracio da
inundagio. Resultados: Foram encontrados 432 individuos, distribuidos em 21 taxa
de Chironomidae. Os téxons Polypedilum e Ablabesmyia foram os mais frequentes
espacialmente. A andlise de regressio multipla multivariada mostrou que a composi¢ao
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da comunidade de Chironomidace foi significativamente relacionada com a duragao da
inundacio e caracteristicas granulométricas, mas nio com as unidades fitofisiondmicas
e os pardmetros limnoldgicos. As parcelas com substrato predominantemente arenoso e
inundadas por um menor periodo de tempo apresentaram maior ocorréncia de tdxons.
Conclusées: O gradiente espacial gerado pela distribui¢io espacial da granulometria
do sedimento e duracio da inundagio determinaram a distribuicio dos tdxons de
quironomideos. Assim, alteragoes no funcionamento hidrolégico do Pantanal, como os
da construcao de reservatérios na regido do Planalto e estradas e diques na planicie de
inundacdo poderia afetar a biodiversidade local de quironomideos.

Palavras-chave: duracio da inundagio, granulometria do sedimento, composicio

da comunidade, quironomideos, Pantanal.

1. Introduction

The seasonal hydrological variation is an
important component for the maintenance of the
ecological functioning of floodplain ecosystems and
also controls the structure of biological communities
(Junk et al., 1989; Tockner et al., 1999; Junk et al.,
2006).

In floodplains, larvae of the family Chironomidae
can be the most abundant invertebrate group
(Sommer et al., 2004; Benigno and Sommer,
2008). The Chironomidae community usually
changes in response to physical and chemical
variations of the water (Higuti and Takeda 2002).
The geomorphological, hydraulic and limnological
variations, as well as the size of particles comprising
the sediment, are some of the factors that influence
the temporal and spatial distribution of this
community (Stevaux and Takeda 2002; Ali et al.,
2002; Marchese et al., 2005).

Studies on the Chironomidae community
structure in the Pantanal are restricted to permanent
water bodies (Ezcurra de Drago et al., 2004;
Marchese et al., 2005; Aburaya and Callil, 2007).
All these studies described the relationship between
this community and environmental variables,
such as the type of sediment and physicochemical
parameters of the water; however the effect of the
flood duration in the floodplain had not been
investigated.

Nevertheless, in seasonally flooded environments
there is no information whether these relationships
are kept, since the same area annually presents
aquatic phase and terrestrial phases. In studies
with other groups, in environments with this same
dynamics, the flood duration (hydroperiod) is the
determining factor for the spatial distribution of
species (Fantin-Cruz et al., 2008; Fernandes et al.,
20105 Pagotto et al., 2011; Tondato et al., 2013).

Another aspect to be analyzed in this study is
the relationship between the phytophysiognomic

unit and the Chironomidae community structure.
Flood duration is the determinant ecological factor
for the distribution of plant species (Rebellato and
Cunha 2005; Fantin-Cruz et al., 2010). However,
the vegetation in great part of the Pantanal
has been altered for the livestock production
(Junk and Cunha, 2012). As well, high levels
of deforestation and the replacement of native
vegetation for exotic species have impacts on the
aquatic invertebrate community (Steinman et al.,
2003). Such information is crucial for identifying
priority areas with the purpose of conservation and
definition of management strategies.

Given the need to understand what factors
influence the spatial distribution of Chironomidae
community in the seasonally flooded area of the
northern Pantanal, the objective of this research was
to characterize the Chironomidae taxa in terms of
occurrence, and to respond the following questions:
the relative frequency of taxa vary spatially with:
(i) the characteristics of the water, sediment and
flood duration? (ii) with the different types of
phytophysiognomic units?

2. Material and Methods

2.1. Study area

The regional climate is Képpens AW type, hot
with humid summer and dry winter. The mean
annual precipitation in the Pantanal varies from 1100
to 1200 mm, concentrated in December, January
and February, and the mean annual temperature
varies between 17 and 32 °C (Alvarenga et al.,
1984). Soils have sedimentary origin, occurring in
alternating and discontinuous clay and sandy layers
with predominance of hydromorphic soils covering
up to0 92.5% of the total area (Amaral Filho, 1984)

This study was conducted on the Long-Term
Sampling Site (LTSS) located in the county of
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Nossa Senhora do Livramento, Mato Grosso State,
locally known as Pantanal of Poconé (Figure 1). It is
a seasonally flooded area, showing a low inundation
size (mean=24 cm) and medium duration (mean=85
days). This area is included in the Cuiabd River
basin, and the flood results from incoming waters
from the Cuiab4 River and regional rainfall runoff
(Fantin-Cruz et al., 2010).

The vegetation of the region consists in four
phytophysiognomic units: “campo inundivel”
(flooded grassland); “cordilheira” (dense arboreal
savanna); “landizal” (seasonally flooded evergreen
forest) and “Cambarazal” (monodominant Vochysia
divergens Pohl. forest) (Fantin-Cruz et al., 2010).

2.2. Sampling design

The Long-Term Sampling Site (LTSS) is a grid
formed by a system of six lines, 5 km long tracks
covering a total area of 25 km?. A sampling plot
was established every 1 km on the tracks in the
east-west direction. The 250 m long sampling plots
were demarcated in order to follow the contour in
linear sections 10 to 10 m. The 30 sampling plots
have no definite shape, for each sampling plot is the
same corner of the field level and aim to minimize
the variation of topography within each plot (Signor
and Pinho, 2011).

Samples were collected in February 2007, during
the overflow period, considering the flooded plots
(26). In each plot we collected three sediment
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samples (50 m away) using a Petersen grab to
examine the Chironomidae community, organic
matter and particle size.

For the analysis of the Chironomidae
community, the biological material was washed in
a set of four sieves (2.0, 1.0, 0.25, and 0.125 mm
mesh size). Chironomidae larvae were mounted on
slides with Hoyer medium for later identification to
genus level using the identification key of Trivinho-
Strixino (2011).

For the analysis of organic matter, each sample
was divided into three sub-samples, for replication.
The percentage of organic matter in the sediment
was obtained by the difference between the dry
weight and the weight of the material calcined in
a muflle furnace.

A sample composed of sediments was used
for the particle size analysis. The sediment of
the three samples from each plot was mixed and
a 1000 g-portion was separated. This material
was placed in a set of sieves and characterized as:
silt + clay = sediments retained on the 0.063 mm
mesh; fine sand = sediments retained on the
0.125 mm mesh; and medium sand = sediments
retained on the 0.250 mm mesh.

For water characterization, at each sampling
site we measured the pH, temperature, electrical
conductivity and dissolved oxygen using a portable
multiparameter probe YSI, the water column depth
was measured using a ruler.
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Figure 1. Location of the study area and of the Long-Term Sampling Site (LTSS) in a seasonally flooded area of the

northern Pantanal, Brazil.
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We used data of the flood duration during the
overflow period between 2006 and 2007 (Fantin-
Cruz et al., 2010), where the flood duration is the
time in days at which the floodplain remained
flooded.

The vegetation was categorized into three
types: fields with native pasture, fields with exotic
pasture and arboreal vegetation. This classification
was based on the three main types of management
used for extensive livestock farming in this region
of the Pantanal.

2.3. Data analysis

Prior to statistical analysis, values of water
and sediment parameters were transformed
and normalized to meet the assumptions of
homoscedasticity and normality (Gotelli and
Ellison, 2011). The taxonomic composition of
Chironomidae larvae was presented in terms of
presence and absence.

In order to ordinate plots in relation to water
parameters and sediment characteristics, we used
a principal component analysis (PCA) with the
program SYSTAT 10. We reduce the dimensionality
of the data of the Chironomidae larvae composition
using a non-metric multidimensional scaling
(NMDS), with the software PC-ORD 5.0.
Sampling plots were ranked in order of relative
frequency occurrence of taxa using the Bray-Curtis
distance for the standardized occurrence data. We
separated the three axes generated, since they were
considered the strongest pattern in the community,
to be used in subsequent analyses.

We tested the correlations between taxa
composition (three axes of NMDS) and
environmental variables (water and sediment
parameters and flood period) using a multivariate
muldiple regression with SYSTAT 10. Explanatory
variables shown to be significantly related to taxa
composition were used to create direct ordination
diagrams, which demonstrated the spatial variation
in the Chironomidae larvae community in the
seasonally flooded area, in terms of environmental
gradient.

A multivariate analysis of covariance
(MANCOVA) was employed to evaluate the effect
of the phytophysiognomic units on the occurrence
of Chironomidae taxa. For this analysis, it was used
the community composition in the plots (first axis
of NMDS) as the response variable; the variables
with significant effects on the composition as
covariates; and phytophysiognomic units as the
categorical variable.
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3. Results

3.1. Chironomidae community composition

We collected a total of 432 Chironomidae
individuals belonging to three subfamilies:
Ortocladiinae, Tanypodinae and Chironominae.
'The tribe Chironomini (Chironominae) was the
most representative with 8 genera and 61.3%
of the total number of individuals (Table 1). It
was followed by Pentaneurini (Tanypodinae),
Tanytarsini (Chironominae), Procladiini
(Tanypodinae), Coelotanypodini (Tanypodinae)
and Corynoneurini (Ortocladiinae).

The most common taxa were Polypedilum
and Ablabesmyia, occurring in 77.8% and 70.4%
of plots, respectively. In turn, Phaenopsectra,
Goeldichironomus, Stenochironomus, Zavreliella,
Tanytarsus obiriciae Trivinho-Strixino & Sonoda,
2006, Ianytarsus, Larsia, Djalmabatista pulchra

Table 1. Percentage of occurrence and relative abundance
of 21 Chironomidae genera in 26 plots in February 2007
at the Long-Term Sampling Site (LTSS), Pantanal, Brazil.

Occurrence Relative
Taxa (%) abundance
(%)
Subfamily Chironominae
Tribe Chironomini
Beardius 37.0 8.1
Chironomus 18.5 1.4
Cryptochironomus 7.4 0.5
Dicrotendipes 25.9 7.2
Goeldichironomus 3.7 0.2
Harnischia 7.4 0.5
Parachironomus 22.2 2.8
Phaenopsectra 3.7 0.5
Polypedilum 77.8 39.8
Stenochironomus 3.7 0.2
Zavreliella 3.7 0.2
Tribe Tanytarsini
Caladomyia 37.0 5.8
Tanytarsus obiriciae 3.7 0.2
Tanytarsus 3.7 0.2
Subfamily Tanypodinae
Tribe Coelotanypodini
Coelotanypus 29.6 3.9
Tribe Pentaneurini
Ablabesmyia 70.4 19.4
Labrundinia 29.6 3.5
Larsia 3.7 0.2
Tribe Procladiini
Procladius 40.7 4.9
Djalmabatista pulchra 3.7 0.2
Subfamily Orthocladiinae
Tribe Corynoneurini
Corynoneura 3.7 0.2
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Karunakaran, 1969 and Corynoneura occurred in
only one plot, and thus were considered rare.

3.2. Relationship between Chironomidae
community and environmental variables

Of the 26 flooded plots, seven were located in an
arboreal area, 15 in fields with native vegetation and
four in fields with exotic pasture. The water column
had low depth (>53cm), slightly acid pH (>7), and
lower concentrations of dissolved oxygen (mean
4.9 mg.L™"). Electrical conductivity varied slightly
between plots (7-36 uS.cm™). Flood duration
ranged from six to 200 days. The high variability of
the water temperature was because measurements
were taken at different times of the day. Particle
size of sediment and organic matter percentage, as
well as the values of the environmental variables are
listed in Table 2.

The PCA summarized the environmental
variables into two axes for both limnological
(82.9%) and sediment variables (95.9%). The first
PCA axis for limnological variables was explained
by pH (0.937), dissolved oxygen (0.87) and depth
(=0.79), whereas the second axis was explained by
conductivity (-0.94). For sediment variables, the
first PCA axis was explained by clay/silt (0.95) and
by medium (-0.98) and fine sand (0.88), and the
second axis was explained by organic matter (0.75).

After ordination using NMDS, the
dimensionality of the data regarding the occurrence
of Chironomidae larvae was summarized into three
axes. All NMDS axes captured great part of the
distance variation among plots for quantitative
data (68.2%).

The multiple regression analysis showed that
the abundance of the Chironomidae community,

Table 2. Environmental variables measured in 26 plots in
February 2007 at the Long-Term Sampling Site (LTSS),
Pantanal, Brazil.

Variables Mean Minimal-

(SD) Maximal

Depth (cm) 26.5 (13.0) 7.3-52.7

Temperature (°C) 30.0 (2.8) 26.8-36.2
DO (mg.L™") 4.9(2.1) 1.6-8.7
Conductivity 13.7 (5.7) 7.3-36.3
pH 5.9 (0.5) 4.9-6.9

Organic matter (%) 1.6 (1.8) 0.57-9.79
Silt-clay (%) 12.6 (6.1) 3.6-31.2
Fine sand (%) 12.2 (4.4) 4.7-21.4

Medium sand (%) 75.1 (9.8) 52.4-91.6
Flood duration (days) 100.3 (42.2) 6-200
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represented by all three NMDS axes, was significantly
related to the first PCA axis for sediment (Pillai
Trace: F,,=3.26, p=0.04) and to the flood duration
(Pillai Trace: F3,20:4‘2’ p=0.02), but there was
no significant evidence of relationship with the
first PCA axis for water parameters (Pillai Trace:
F, ,=0.67, p=0.58)

To illustrate the effect of flood duration
and sediment variables on the Chironomidae
community, we performed a direct ordination
between the abundance of each genus in the plots
and the significantly related variables. Polypedilum
and Labrundinia occurred throughout the gradient
of flood duration. Differently from the Corynoneura
that was restricted to plots with shorter flood
duration (Figure 2).

Polypedilum, Labrundinia and Beardius also
occurred in the plots regardless of the type of
particles in the sediment. Most genera have
been concentrated to the right side of PCA 1 for
sediment, which was mainly influenced by medium
sand (Figure 3).

The flood duration and sediment had a
significant relationship with Chironomidae
composition, and thus were considered covariates
in the evaluation of the effect of vegetation.
The MANCOVA analysis indicated that the
Chironomidae composition in the study area
was not affected by the phytophysiognomic units
(MANCOVA: Pillai Trace= 0.27, F,,=1.11,
p=0.37).
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Figure 2. Relative frequency of Chironomidae genera
along the gradient in flood duration in a seasonally
flooded area of the northern Pantanal, Brazil.



136 Tambelini, M. et al.

Tanytarsus obiriciae
i " Coelotanypus

4 Dicrotendipes

Polypedilum

Larsia

Tanytarsus

Zavreliella

Labrundinia

Goeldichironomus

Djalmabatista puichra

3 Ablabesmyia

1 i Harnischia

mle ) Procladius

1 . ' L Beardius
Corynoneura

1 |'I 5 . Chironomus
Parachironomus
Cryptochironomus
1 i Caladomyia
X Stenochironomus
e Phaenopsectra
-20 05 10 25

s s s
+ 4+ 4

Relative frequency (%)

medium sand clay/silt

fine sand
Sediment characteristics (PCA axis 1)

Figura 3. Relative frequency of Chironomidae genera
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1) in a seasonally flooded area of the northern Pantanal,
Brazil.

4. Discussion

Flood duration and sediment were the variables
that ruled the distribution of the Chironomidae
community. The sediment composition determined
their abundance and distribution, similarly to
most benthic macroinvertebrates (Ali et al., 2002;
Marchese et al., 2005; Resende and Takeda, 2007).
A sandy substrate generally presents lower diversity
compared with other substrates (Al et al., 2002).
However, most taxa found in this work have been
concentrated in sites with predominance of sandy
substrate.

Chironomidae taxa have occurred predominantly
in sites that remained flooded for up to 130 days,
very close to the average duration of the flood in
the Pantanal, which is 120 days (Fantin-Cruz et al.,
2011). This fact shows that these organisms
have excellent colonizing abilities, rapid larval
development (Wiggins et al., 1980; Higgins and
Merritt, 1999; Sommer etal., 2004) and are adapted
to the hydrological variability of this ecosystem.
Besides, many Chironomidae species are resistant
to desiccation and emerge from the sediment after
few days of flooding (Benigno and Sommer, 2008;
Tronstad et al., 2005).

Chironomidae larvae may be capable of
tolerating daily or yearly fluctuations in the water
level (Tronstad et al., 2005). Some studies carried
out in this same floodplain reported that the flooding
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duration is the most important factor responsible
for the distribution of different species of fauna and
flora (Fantin-Cruz et al., 2010; Fernandes et al.,
20105 Pagotto et al., 2011; Tondato et al., 2013).

In this study, the genus Polypedilum occurred
in 77.8% of the sampled plots, and its highest
abundance was found in sites with predominance of
larger sediment particles and in sites under shorter
flood period. Amorim et al. (2004) observed the
presence of this genus in sandy substrates, being
Polypedilum (Asheum) exclusively found in this type
of substrate. Higuti and Takeda (2002) reported
the dominance of Polypedilum in periods of low
waters, indicating a preference for shallow areas. The
presence of Polypedilum in almost all sites suggested
that this genus includes species tolerant to a wide
array of environmental conditions (Sanseverino and
Nessimian, 1998).

The genus Ablabesmyia had preference for
to plots with sandy sediment that remained
flooded for a shorter time. This genus can feed
on detritus or animals (Chironomidae larvae and
microcrustacean) and has low selectivity, considered
generalist (Henriques-Oliveira et al., 2003;
Panatta et al., 20006).

Although Labrundinia has presented a lower
occurrence frequency and relative abundance
compared with Polypedilum and Ablabesmyia, it had
wider distribution and occurred in plots regardless
of flooding time and sediment particle size. The
genus Procladius was present in plots with sandy
substrate that remained flooded for a few days. This
pattern was different from that found by Strixino
and Trivinho-Strixino (1998) and Higuti and
Takeda (2002), who reported the predominance
of this genus in environments where the sediment
consisted mainly of fine sand with a mud layer.

Taxa with restricted distribution are usually
found in lentic environments (Goeldichironomus,
Tanytarsus obiriciae, Tanytarsus), lotic environments
(Zavreliella and Corynoneura) or both (Larsia and
Djalmabatista pulcra) (Trivinho-Strixino, 2011).
However given the hydrological functioning of the
study area, where the seasonal cycle of flood and
drought characterizes a temporary environment, we
suggest that the colonization of these taxa was not
favored by the stress generated by this environment.

In the presentstudy; the Chironomidae community
was not affected by the phytophysiognomic units,
showing that this group does not reflect regional
changes in habitat characteristics. This characteristic
can be related to the greater phenotypic plasticity
of the Chironomidae in relation to other aquatic
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insects, which gives them ecological and biological
adaptations that enable them to explore different
habitats (Trivinho-Strixino and Strixino, 2005).
For benthic organisms, studies have already shown
that local characteristics are more important than
regional ones to the spatial structure of this group
(Lammert and Allan, 1999).

In summary, the spatial distribution of
chironomid composition was mainly related to
the particle size and flood duration. In turn, it
is widely known that the spatial distribution of
sediment grain size as well as the flood duration
in seasonal floodplain is linked to the hydrological
regime and the degree of hydrological connectivity
(Junk and Cunha, 2005). Among the factors that
can affect regime and connectivity in floodplains,
stand out the construction of dams in the uplands
surrounding the Pantanal, and roads and dykes
construction in the floodplain are the most
commonly listed (Wantzen et al., 2008). These
factors are ultimately relevant for the environmental
management of the floodplain. Contrary to
expected, types of vegetation do not seem to affect
the spatial distribution of chironomids and, as such,
invasion of stands of ‘Cambarazal’ (monodominant
forest of Vochysia divergens Pohl.) and pasture
formation, are not seen as preponderant factors that
could influence chironomid diversity.
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