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ABSTRACT. Stream insects use in different ways the stream habitats which affect patterns of species occurrence on stream. The nestedness is one of
these patterns being an ecological mechanism that generates beta diversity. In this study, we verify the effects of temporal environmental variations on
nestedness patterns of Chironomidae assemblages on subtropical streams. We collected chironomid larvae during winter and summer during three years
(2010, 2011 and 2012) in Brazilian Subtropical low-order streams (Erechim, state of Rio Grande do Sul, Brazil). We measured environmental variables in
each stream. To assess if assemblages will show nested patterns intra- and interannual we used a NODF metric. We observed nestedness only in one year,
this pattern was due to variation of limnological factors, which are directly associated with climatic conditions (precipitation and water temperature) and
agricultural management (e.g. dissolved oxygen and nutrients). Climatological events affect Chironomidae community through the time. The variations
on precipitation values could be one of the mainly factors that influence nestedness for this community. Finally, studies on nesting on time scales should
consider inter-annual comparisons, as climatic variations are more evident.

KEYWORDS. Atlantic forest streams; beta-diversity; Chironomidae; climate changes; conservation.

Spatio-temporal variations exert influence on aquatic
assemblages and to understand how the distribution of stream
insects is structured, identify and measure these variations
become extremely important (LEGENDRE et al., 2005; SUAREZ,
2008). These variations induced by environmental process
limit the species dispersal and are directly related to biotic
and abiotic environmental factors (BUENO et al., 2003;
CoORTEZZI et al., 2009). Alterations on abiotic factors can
be due to natural or anthropogenic actions and act on basic
characteristics of stream habitat structure (MACE et al., 2010).
Variations in precipitation can generate variations in the
assemblages of aquatic ecosystems (Bispo ef al., 2006).
These variations result in a decrease in the abundance of
organisms and, consequently, in the species richness due to
the drift caused by the flow increase in rivers and streams
(RESTELLO ef al., 2014; PERALTA & MARTIN, 2015).

The precipitation intensity isone of the mainly
factors that control the temporal distribution of stream insect
assemblages (FLECKER & FEIFAREK, 1994; RESTELLO ef al.,
2014; NAvA et al., 2015). The increase on the pluviosity levels
intensifies the water flow, resulting on aquatic insects drift
by physical perturbations. On the other side, on low water
flow (i.e. dry periods) the abundance and richness of aquatic
insects increase due to the higher habitat stability by water
flow reduction (BAPTISTA et al., 2001; Bispo et al., 2006).

These climatic patterns change with the influence
of El Nifio and La Nifia phenomena on hydrological cycles
on aquatic environmental (MANJARRES-HERNANDEZ et al.,
2021). The excess of rain caused by El Nifio in the southern
hemisphere can affect the abundance of stream insects, on
the other hand, the drought provoked by El Nifia decrease
drastically the water flow causing an increase of some stream
invertebrates (GARCIA et al., 2003; GARCIA & SUAREZ,
2007; CARONE et al., 2009). Drought periods compared to
rainy seasons, generate greater stability for habitats and,
consequently, for aquatic communities (PERALTA & MARTIN,
2015). This is because the effects caused by high precipitation
drastically alter the streambed heterogeneity, which has a
direct effect on benthic assemblages.

Stream insects use in different ways the stream
habitats which affect patterns of species occurrence on stream
substrate (JURASINSKI et al., 2009).The nestedness is one of
these patterns, being important for beta diversity in biological
communities (ALMEIDA-NETO et al., 2008; HEINO et al.,
2009; ULRICH et al., 2012; McCCREADIE & ADLER, 2018).
Nestedness patterns occur when an assemblage with less
richness is part of another assemblage with a greater species
richness (BASELGA, 2010). The main factor that can cause
a nested pattern on benthic assemblages can be the habitat
characteristic (MILESI & MELO, 2014; CERINI et al., 2020) or
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anthropogenic disturbance (HEINO ef al., 2009; HUINOCANA
et al., 2020). Therefore, the temporal scales besides the
constant alterations on climatic changes can also affect these
organisms (ANJOS et al., 2011; RuUHI et al., 2013; NAvA et
al.,2015).These alterations could influence the variation in
nestedness caused by variations in temporal scales (PETSCH
etal.,2014). HEINO et al. (2009) studying aquatic insects for
three years found a weak nested pattern but temporal stability
in the assemblage nestedness. In addition, they found that
nested pattern could be affected by hydrological disturbance,
with communities of periods with high precipitation nested
on communities of periods with low precipitation. In this
way, the temporal variations mediated by water volume of
the streams are important for the structure and composition
of Chironomidae assemblages (PERALTA & MARTIN, 2015;
Nawa et al., 2015).

Chironomidae (Diptera) is a very diverse and common
insect family that are frequent in all the different aquatic
ecosystems (FERRINGTON, 2008). The Chironomidae has
different levels of tolerance to organic pollutants (SENSOLO
et al., 2012; RESTELLO ef al., 2014), and environmental
plasticity, which indicates their use as model organisms in
studies about ecological patterns and process on streams
(RoSIN & TAKEDA, 2007). In addition, studies on the diversity
and composition of Chironomidae do not present details on
the structure patterns of these assemblages especially on beta
diversity patterns. Thus, efforts to understand the structure and
composition of Chironomidae assemblages on a time scale
are important given the importance of the group for aquatic
environments (Nava et al., 2015). We verify the effects
of temporal environmental variations on Chironomidae
assemblages distribution in subtropical streams. We expected

a temporal nested pattern across the years, mainly caused by
the precipitation variation, which will cause environmental
changes in streams and, consequently, reduce the abundance
and richness of Chironomidae. In the case of intra-annual
variations of Chironomidae assemblages, we expect that
between seasons we will not found nested pattern due to
the well-distributed precipitation and temperature, as we
are on subtropical region.This is one of the first studies with
temporal nestedness using years and not season as time. We
wanted to show the importance of a long time analyses for the
comprehension of aquatic insect ecological patterns. Here, we
consider the rainy period as an environmental disturbance that
can generate the nested pattern for create greater instability
on streambed habitats reducing the Chironomidae richness.

MATERIAL AND METHODS

Study area. The study was conducted in the Rio
Uruguai river basin in southern Brazil (27°12°59” and
28°00°477S; 52°48’12” and 51°49°34”W; Fig. 1). The
region is characterized by subtropical climate (Koppen Cfb
type) with an average annual precipitation of 1,912 mm
and average annual temperature of 17.6°C (ALVARES et al.,
2013). The vegetation consists of a mixture of Subtropical
Forest, mostly composed of species with tropical-subtropical
distribution and Araucaria forest with predominance of
Araucaria angustifolia (OLIVEIRA-FILHO ef al., 2015). The
region has its area occupied by human activities, in particular
by intensive agricultural practice (~ 80% of the total area;
RoVANI et al., 2019). We selected 10 small-order streams
(<3" order) with an approximate width of 2 m, depth of
about 0.3 m and substrate composed mainly of stones and
leaves (RESTELLO et al., 2014).

Fig. 1. Location of sampling sites in southern Brazil (F, Faxinalzinho city; E, Erechim; MR, Marcelino Ramos; TA, Trés Arroios).
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Environmental variables. Water temperature,
turbidity, electrical conductivity, total dissolved solids
(TDS), dissolved oxygen (DO) and pH were measure in
situ with a multi-parameter analyser HORIBA®US50. In
addition, water samples were collected from streams and in
the laboratory chemical analysis of dissolved organic carbon
(DOC) and total dissolved nitrogen (TDN). These variables
were measured on a Shimadzu® TOC-VCSH device.

The monthly precipitation data (monthly average)
for the region was obtained through information from
the National Institute of Space Research (CPTEC/INPE).
According to Climate Prediction Center (NOAA; origin.
cpe.ncep.noaa.gov) the La Nifia phenomenon occurred in
2010 and 2011, while 2012 was a neutral year. The average
monthly precipitation and temperature in 2010 was 276 mm
and 17.5°C, in 2011 was it 146 mm and 17°C and 2012 was
it 121 mm and 18.8°C, respectively.

Chironomidae larvae sampling. The organisms
were collected during winter and summer from 2010 to
2012. In each stream, we collected three sub-samples on
rocky substrate with a sampler Surber (mesh 250 pm; area
0.09 m?). The material was fixed in field with ethanol 80%,
packed in plastic bottles for further identification. After
identification, Chironomidae larvae were dipped in potassium
hydroxide solution 10% for 24 hours to bleaching. After,
we made semi-permanent slides with Hoyer solution for
identification to genus taxonomic level using TRIVINHO-
STRIXINO & STRIXINO (1995), EPLER (2001) and TRIVINHO-
STrIxiNO (2011) identification keys.

Data analysis. To check the differences between the
abiotic variables over the seasons (intra-annual variation) and
between years (inter-annual variation) we used an analysis
of variance (two way ANOVA). To assess the variation in
abundance (log-transformed) richness and rarefied richness
over the seasons (intra-annual variation) and between years
(interannual variation) an analysis of variance (two way
ANOVA) were used.

To assess if assemblages will show nested patterns on
intra- and interannual we used to NODF metric (Nestedness
metric based on Overlapping and Decreasing Fill; ALMEIDA-
NETO et al., 2008). This analysis produces values range from 0
to 100 indicating nested subsets. The analysis was performed
using SIM1 that produces a simulated model matrix in which
all the arrangements are equally distributed. In addition,
hundred random matrices are simulated for each null model,
to obtain the expected average for NODF that was compared
with the average of observed values. The NODF calculation
requires an array of presence-absence, ordered by species
richness, automatically generating nesting (GUIMARAES &
GUIMARAES, 2006). Finally, there will be nested pattern
when NODF of expected values are on average larger than
NODF of observed values. All analyses were performed using

statistical software R (R Core TEAM, 2013) using functions
of “vegan” package (OKSANEN ef al., 2012).

RESULTS

Environmental variables. In inter-annual context
the precipitation (F , ., = 11.1; p<0.001), dissolved oxygen
(DO)(F 5, = 24.4; p<0.001), DTN (F , ;, = 60.8; p<0.001)
and DOC (F ,;, = 19.3; p<0.001) varied between years
(Supplementary Material 1). The year of 2010 showed lowest
values of DOC (21.3+3.5 mg L), and highest values for
DTN (11.0+0.7 mg L") and precipitation (276.1+24.7 mm)
(Fig. 2). The year of 2012 showed the highest values for DO
(13.6+0.5 mg L") (Fig. 2). We detach that the year of 2011
showed lowest values of precipitation (146.2+14.8 mm) and
highest values of DOC (257.9£15.9 mg L) (Fig. 2). The
variables water temperature, pH, electrical conductivity,
turbidity, TDS and water current were similar between years.

Fig. 2. Abundance and richness of Chironomidae (Diptera) in streams of
southern Brazil in the summer and winter of 2010, 2011 and 2012.

In the intra-annual context for the year of 2010 the
water temperature (t =8.8, df =18, p<0.001), DO (t =4.5,
df =18, p<0.001), DTN (t =6.7, df =18, p<0.001) and
precipitation (t =2.9, df =18, p=0.01) showed difference
between seasons (Fig. 3). For all of these variables the
higher values were registered on summer. For 2011 we
found seasonally variation for water temperature (t =6.5, df
=18, p<0.001), DTN (t =-3.3, df =18, p=0.004), DOC (t =
-10.8, df = 18, p<0.001) and precipitation (t=-6.6, df = 18,
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p<0.001) (Fig. 3). Expect for the water temperature the others
variables values were high on winter. For 2012 the variables
that showed differences between winter and summer was:
water temperature (t=7.7, df = 18, p<0.001), DO (t=-3.1,
df =18, p = 0.008), DOC (t = -4.8, df = 18, p<0.001) and
precipitation (t=-1,236.0, df = 18, p<0.001) (Fig. 3). Expect
for the water temperature the others parameters values were
higher on winter.

Fig. 3. Boxplot of dissolved organic carbon (DOC), dissolved oxygen (DO),
dissolved total nitrogen (DTN) and precipitation in streams of southern
Brazil in the summer and winter of 2010, 2011 and 2012.
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Chironomidae assemblages and nested pattern. A
total of 7,568 chironomids larvae were collected, distributed
in 49 genera during three years (Supplementar Material
2). The most abundant genera were Pentaneura (7.4%),
Polypedilum (7.4%), followed by Rheotanytarsus (7.2%)
and Cricotopus/Orthocladius (7.0%). Of the total genera 36
showed abundance less than 1%. Chironomidae abundance
showed anintra-annual variation (F(l)5 =23 p=0.02) (Fig.
4). We also observed an interaction between seasons, but
depending on the year. Winter showed more abundance of
chironomids larvae on 2010 and 2012. However, we found
the inverse pattern for 2011 where summer present more
organisms than winter. For rarefied richness, the variation
asy=7-1;p=0.001) (Fig. 4). The highest
richness was observed on 2011 for both seasons.

We found a nested pattern for Chironomidae
assemblages between years (inter-annual)(F, ;=
23.4; p<0.001; Fig. 5). However, between the seasons
(intraannual), we observed nested pattern only for 2010
and 2012 (F  ,=91.0; p<0.001; F .= 18.6; p<0.001,
respectively), whereas 2011 did not show nested pattern
(F, =51.1, p<0.001; Fig. 5).
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Fig. 4. Boxplot of water temperature, dissolved organic carbon (DOC), dissolved oxygen (DO), dissolved total nitrogen (DTN) and precipitation in the
summer and winter of 2010, 2011 and 2012 in streams of southern Brazil (only variables with significant differences for each year).

Iheringia, Série Zoologia, 111: €2021005



Nestedness of stream insects in Subtropical region...

Herp ef al.

Fig. 5. NODF nestedness of Chironomidae (Diptera) assemblages in streams of southern Brazil in the summer and winter of 2010, 2011 and 2012. (A)
Each line represents a stream independent of intra- and inter-annual factor. (B, C, D) Dotted lines represent winter data and continuous lines represent
summer data. In these graphs, the individual information for each stream was grouped to assess intra-annual nestedness.

DISCUSSION

In this study, we observed the influence of the temporal
scale in the Chironomidae assemblages, demonstrating
that time is a crucial factor in the structuring of aquatic
communities. According to RESTELLO et al. (2014) the greatest
variation in chironomid assemblages occur between seasons
and not between the years. The authors found that 50% of
the observed variation is explained by physical and chemical
changes that occur between the seasons. In contrast, Nava
et al. (2015) state that the variation in the abundance and
richness of Chironomidae occurs over the years and between
seasons mainly modulated by precipitation. In our study,
the abundance variation between seasons can be attributed
to differences in precipitation levels, water temperature,
dissolved oxygen, DOC and DTN values. The precipitation
increase the disturbance in the stream physical environment
causing changes on streambed structure increasing local
heterogeneity (BIspo et al., 2006). Which can cause chemical
changes that favor the colonization of new species thereby
altering the composition of stream insect assemblages (GARCIA
& SUAREZ, 2007). Agricultural impact increases the carbon
emissions and nitrogen dissolved that directly affect the
ecological patterns of Chironomidae and others aquatic
insect assemblages, such as Ephemeroptera, Plecoptera and
Trichoptera (NavA et al., 2015; HuiINocaNa et al., 2020).

The intra-annual nestedness was verified only in
one year. This pattern was due to variation of limnological
factors which are directly associated with climatic conditions
(precipitation and water temperature) and agricultural
management (DO, DOC and DTN) of the study area.
Precipitation, water temperature, DOC and DTN were
the variables that showed significant changes in the years
with nestedness and therefore may have influenced on the
chironomid assemblages. The origin of carbon and nitrogen
compounds can be autochthonous and/or allochthonous
in aquatic systems. According, in drainage areas with a

predominance of agricultural activities and consequently
with scarce riparian vegetation facilitate the contribution
of these compounds to the streams by runoff (SENsoLO et
al.,2012). Generally high concentrations of organic matter
in streams can cause changes in physical and chemical
conditions that alter the structure and composition of aquatic
communities. The nitrogen in the water column stimulates
the eutrophication process, allowing the algae growth, and
reducing the diversity, facilitating the colonization of species
that are tolerant to these conditions (RESTELLO, 2012). In
addition, high levels of DTN in streams, reflects the land
use and occupancy of their respective catchment areas and
the rivers as natural collectors of the landscape (N1YOGI et
al., 2007). These changes can act as an environmental filter
on Chironomidae assemblages, forming assemblies with
less species richness which were subsets of the richest ones,
featuring nested pattern. With our results we can conclude
that intra-annual temporal nestedness is related to impacts
from climatic changes (i.e. precipitation) and powered by
agricultural activities.

Our study showed that environmental changes
generate nested patterns between years in Chironomidae
assemblages corroborating our hypothesis. The variables
that vary over the years were precipitation, DOC, DTN and
dissolved oxygen. When environmental variation changes
occur in these systems directly influence the structure of
aquatic communities contributing for nested patterns. In
addition, these changes on environmental variables were more
evident in stream with predominance of agricultural activities,
where the surface facilitated carries of chemicals compounds
from adjacent areas to the water column. Subtropical regions
present four well-defined seasons, with this, during a year
we can registered notice variations on abiotic parameters,
adding the influence of such climatological phenomenon,
we pointed out the importance of annual replications on
researches with streams fauna. The information generated
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by nestedness analysis can be used as basis for long-standing
environmental monitoring programs on subtropics. It is
necessary that these programs, when define the sampling
design should consider the variations that occur intra- and
interannually.

We consider that environmental variables that differ
between years could be related to climatological phenomenon
that was registered in three years of study. This is evident
when we consider the precipitation variations that are frequent
in the subtropical region, which are further enhanced by
climatic phenomena. Making modifications on Chironomidae
distribution intra and interannually that can be noted thought
the nested pattern of the community. We detach that in the year
were precipitation were the lowest, the richness were high,
this precipitation pattern probably homogenize the habitat
increasing species co-existence (RESTELLO et al., 2014).
PNHA et al. (2016) registered nestedness on Chironomidae
assemblage during the flood period justifying the result saying
that inundations can homogenize limnological conditions.

The nested pattern occurs due to environmental
variations that were related to nutrients (e.g. carbon and
nitrogen), i.e., variables indirectly influenced by land uses
(HEmo et al., 2009). For example, in 2011, the precipitation
values were lower compared to 2010 (146 mm and 276
mm, respectively) and an increase on DOC values was
registered, probably due to a increasing in leaching process
and consequently carbon liberation from leaves. Meanwhile,
in 2010 values of precipitation were higher, increasing the
DTN, it could be an indirect effect of anthropogenic activities,
such as remove of riparian vegetation and the increase of
nitrogenized residuals to the streams, changing the community
distribution. The result shows how Chironomidae can be
used on the monitoring of water quality being sensitive to
modification on water chemical and physical characteristics.
The variation on precipitation, DOC, DTN and dissolved
oxygen influenced the community nested pattern. The effect
of environmental variables on the nestedness of aquatic
communities is a common pattern on nature (HENO et al.,
2009). But, this effect can be intensified by disturbances from
natural origin (e.g. climatic changes) and also byanthropic
actions that affect directly the limnological characteristics,
like DTN and DOC, which can indirectly exerted influence
on climate (FLORENCIO ef al., 2011).

In the year that rains less, communities were not
nested, meanwhile in years that rain more community showed
anested pattern. Usually, nestedness is naturally observed in
nature (HEINO et al., 2009), being generated by modifications
on environmental characteristics. For PETSCH ef al. (2014)
studying Chironomidae assemblages the nested pattern
showed between months was influenced by flood disturbance.
In this case, the increase on precipitation can cause the
disturbance on Chironomidae assemblages (e.g. high flow
velocity, organisms dislodgment, decrease on food resources
and refuges), generating the nested pattern (FLORENCIO e? al.,
2011). In addition, we observed that agricultural activities
influence the distribution of Chironomidae assemblages and

their intensification can generate species loss, which can be
detected because of the nested pattern.

The variations on precipitation values could be
one of the mainly factors that influence the Chironomidae
assemblages distribution which generate a nested pattern.
The temporal nestedness study should be realized between
years, because they are sensible to climatic variations
that could happen randomly. In other words, to analyze
temporal nestedness it is necessary inter-annual samples,
because intra-annual vary too much in accordance with
climatological events. Moreover, for regions with different
precipitation values, like tropical stream (e.g. rainy and dry
period) the intra-annual pattern in values could be different
from subtropical regions where the precipitation were
well distributed through the year. Thus, we can infer that
temporal nestedness studies on subtropical streams must be
investigated by annual and not seasonal replication.

Supplementary Material 1. Environmental variables measured in
streams in the summer and winter periods during the years 2010, 2011
and 2012.

Supplementary Material 2. Abundance of Chironomidae collected
in streams in the summer and winter periods during the years 2010, 2011
and 2012.
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