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Abstract
The richness and composition of a mountain-river chironomid larvae assemblage in the Jacuí 
River basin, Brazil were studied, and compared with other riverine non-biting midge larvae 
assemblages previously studied in the country. Additionally, the influence of some regional-scale
environmental characteristics on the spatial distribution of these assemblages was tested. The 
specimens were collected at 12 sites in the middle course of the Jacuí River basin (in the state of 
Rio Grande do Sul) between April 2000 and May 2002. Around 100 taxa were recorded. The 
dominant taxa belonged to the genera Rheotanytarsus, Cricotopus, Polypedilum, and 
Pseudochironomus. Twenty-two rare taxa were found, representing 22% of the total of taxa 
inventoried. Fourteen genera (Aedokritus, Axarus, Endotribelos, Kiefferulus, Manoa, Oukuriella,
Phaenopsectra, Stenochironomus, Xenochironomus, Xestochironomus, Cardiocladius,
Metriocnemus, Paracladius, and Rheocricotopus) represent new occurrences in Rio Grande do 
Sul. The similarity analysis of the chironomid larvae assemblages inventoried in 32 regions of 
Brazil indicated five groups with similarity higher than 50%. The groups, when the effects of 
spatial autocorrelation were removed, displayed a weak positive correlation between the 
assemblage composition and the aquatic system or hydraulic conditions and the hydrographic 
basin, and a weak negative correlation in relation to the biome. The altitude showed no 
correlation with the composition of the assemblage. The relatively high richness of the region 
surveyed in relation to other Brazilian regions corroborates some tendencies already noted in 
other parts of the world, such as: i) lotic systems may constitute an exception to the rule that 
diversity is greater in tropical regions, ii) regions of transitional relief may contain the greatest 
richness of Chironomidae, and iii) in rivers, the group might have its spatial distribution
influenced to a greater extent by local environmental characteristics than by regional ones.
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Introduction

The family Chironomidae is one of the most 
diversified aquatic insect groups, occurring in 
all zoogeographical regions, including 
Antarctica (Coffman 1995). On a global scale, 
4147 species with an obligatory aquatic phase 
are known, attributed to 339 genera 
(Ferrington 2008), and grouped in 22 tribes 
and 11 subfamilies (Epler 2001). However, 
the true diversity must be still higher; 
estimates suggest that 8000 to 20,000 species 
should occur (Coffman 1995). 

The non-biting midges are important 
inhabitants of freshwater aquatic ecosystems, 
where their larvae reach high densities 
(Trivinho-Strixino and Strixino 1999; 
Trivinho-Strixino 2011). They constitute an 
important item in the trophic chain, 
representing the main food of many fish and 
birds (Porinchu and MacDonald 2003; 
Sánchez et al. 2006; Fagundes et al. 2007). 
Additionally, they are an important tool in 
ecological (Armitage et al. 1995) and 
paleoecological (Walker 1998) studies, as 
well as in environmental evaluation 
(Rosenberg 1992), agricultural entomology 
(Ferrarese 1993), and public-health research 
(Cranston 1995a). 

The chironomids are important elements of 
the faunas of lacustrine and fluvial biotopes 
(Trivinho-Strixino and Strixino 1999). They 

also occur in reservoirs, although in lower 
richness and abundance (McKie et al. 2005; 
Jacobsen et al. 1997), and with different 
species composition (Rossaro et al. 2006). 
Studies analyzing the environmental factors 
that influence the spatial distribution of their 
assemblages are being developed. Landscape 
factors such as altitude, area size, order of 
river segments, drainage basin, 
phytogeographical unit, riparian vegetation, 
environmental preservation of the area, 
temperature, and hydraulic conditions 
(lentic/lotic) (e.g., Rossaro 1991; Jacobsen et 
al. 1997; Kleine and Trivinho-Strixino 2005; 
McKie et al. 2005; Morrone 2006; Rossaro et 
al. 2006; Roque et al. 2007; Luoto 2009; 
Marziali et al. 2009; Sonoda et al. 2009; 
Roque et al. 2010) are mentioned among the 
variables affecting assemblage distributions. 
However, studies conducted at larger spatial 
scales, with a geographical or regional (sensu 
Sandin and Johnson 2004) approach, are rare.

The Neotropical region, third in number of 
species of Chironomidae, harbors 618 species 
comprising 154 genera (Ferrington 2008). 
However, the diversity of the family is far 
from being well known. In Brazil, only 354 
species have been described, but estimates
suggest that there are about 1500 in total 
(Trivinho-Strixino 2011). Additionally, 
inventories and ecological studies about the 
assemblages of Chironomidae have 
concentrated on the northern and southeastern 
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regions of the country (ie.g., Callisto and
Esteves 1998; Sanseverino et al. 1998; 
Serrano et al. 1998; Henriques-Oliveira et al. 
1999; Siqueira and Trivinho-Strixino 2005; 
Sanseverino and Nessimian 2007; Roque et al. 
2010). In the southern region, which has a 
climate tending toward temperate (Maluf
2000), studies are incipient, and focus 
primarily on lentic environments such as lakes 
and wetlands (e.g., Wiedenbrug et al. 1997; 
Stenert et al. 2004; Panatta et al. 2006, 2007). 
The few studies on the spatial distribution of 
the assemblages of larvae of Neotropical 
Chironomidae have focused mainly on local 
or small regional scales (e.g., Corbi and 
Trivinho-Strixino 2008a; Sonoda et al. 2009).

The middle course of the Jacuí River 
(southern Brazil) contains a very diversified 
macroinvertebrate community, as evidenced 
during the environmental program 
“Monitoring of mollusk vectors of human 
diseases” conducted for the construction of 
the Dona Francisca Hydroelectric Power 
Station (see Neri et al. 2005 for Heteroptera; 
Spies et al. 2006 for Trichoptera; Siegloch et 
al. 2008 for Ephemeroptera; and Pires 2011 
for Odonata). Chironomidae was the most 
abundant family found in the river. Thus, this 
study presents the first survey on the diversity 
of a non-biting midge assemblage in a 
temperate climate, of a montane river in 
southernmost Brazil. Additionally, the 
similarity between this assemblage and other 
chironomid larvae assemblages previously 
studied in Brazilian rivers was also analyzed, 
testing  the influence of regional-scale
environmental factors such as altitude, biome, 
hydrographic basin, and hydraulic conditions, 
on the spatial distribution patterns of 
chironomid larvae assemblages, by means of 
four hypothesis matrices.

Materials and Methods

Study area
The study was carried out in the Jacuí River 
basin, in the state of Rio Grande do Sul, 
southern Brazil. Its main headwaters are in the 
Planalto (central plateau) region, at a mean 
altitude of approximately 730 meters above 
sea level, and its mouth is in the Central 
Depression, where it contributes to formation 
of the Jacuí delta, in Guaíba Lake. The river is 
710 km long, and its 71,600 km² drainage 
basin is characterized by intense land use for 
agriculture, livestock, energy generation, and 
urban supply (FEPAM 2010). 

The middle course of the Jacuí River is
located in the transition zone between the 
physiogeographic regions of the lower 
Northeast Slope and Central Depression, with 
altitudes from 50 to 500 meters above sea 
level (Pereira et al. 1989). The climate is 
humid subtropical (Cfa, according to 
Köppen’s classification) with warm and rainy 
summers, but considered temperate locally 
(Maluf 2000). Rainfall is regularly distributed 
throughout the year, with mean precipitation 
varying from 1500 to 1708 mm, and the 
monthly mean temperature ranges from 13° C
during winter to 18-22° C during summer 
(Pereira et al. 1989; Maluf 2000). The native 
vegetation is mainly Seasonal Semideciduous 
Forest (sensu Prado 2000), currently vastly 
altered, and represented only by small 
portions of secondary forest, sparsely 
distributed along rivers and slopes (Longhi et 
al. 1982; Marchiori et al. 1982).

In 2000, the middle course of the Jacuí River 
was dammed in its final section by the 
construction of the Dona Francisca 
Hydroelectric Power Station (29° 26’ 50” S; 
53° 16’ 50” W). The water reservoir 
inundated six municipalities, covering an area 
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of 1337 ha, which contributed to the 
environmental changes in the region.

Sampling methods
Sampling was conducted irregularly between 
April 2000 and May 2002. Twelve sites were 
selected for the study, two in the main channel 
of the Jacuí River, and the remaining sites in 
its tributaries (seven in three tributaries of the 
right bank, and three in two tributaries of the 
left bank) (Figure 1). The environmental 
characterization of these sites is presented in 
Table 1. The hydrological classification of 
stream orders was done on a cartographic 
scale of 1:50,000, according to Strahler 
(1957).

The collection was carried out using a Surber-
type sampler (area = 0.36 m², mesh = 1 mm). 
At each site, three subsamples were collected, 
one in midriver and one near each bank, 
except in the Jacuí River, where only one of 
the banks was sampled. The subsamples were 
pooled in a single sample per site. The 
sampling took place in shallow water, never 
deeper than 1 m, in the river. Macrophytes 
present on the substrate were scraped and 
collected. The material obtained was fixed in 
80% ethanol. The material was sorted, and 
specimens were counted under a stereoscopic 
microscope. For taxonomic identification, the 
specimens were cleared in 10% KOH 
(potassium hydroxide), mounted on semi-
permanent slides using Hoyer’s medium, and 
analyzed under an optical microscope 
(Trivinho-Strixino and Strixino 1995; Epler 
2001; Trivinho-Strixino 2011).

Because of the large numbers of specimens in 
some samples (> 2000), in samples with over 
100 larvae, a subsample with 100 specimens 
was randomly selected for identification 
purposes. The number of individuals per taxon 
was estimated afterwards, according to the 

percentage recorded in the subsample. An 
ongoing study conducted by the authors, in 
which all the specimens of chironomids of 
each sample are identified, showed that there 
is no difference in the diversity of 
chironomids in the area studied, if all or only 
100 of the specimens are classified. The 
specimens were identified to genus and/or 
species level or morphotype using the 
taxonomic keys of Wiederholm (1983), 
Trivinho-Strixino and Strixino (1995), Saether 
et al. (2000), and Epler (2001). Later, the 
identifications were confirmed by experts. 

Voucher specimens were deposited in the 
Coleção de Zoologia, of the Departamento de 
Biologia, of the Universidade Federal de 
Santa Maria, Rio Grande do Sul state, and in 
the Laboratório de Hidrobiologia of the 
Universidade Federal de São Carlos, São 
Paulo state.

Data analysis
The sampling effectiveness was evaluated by 
a species accumulation curve (collector 
curve), which was obtained by the mean of 
500 curves generated by the random addition 
of samples using EstimateS 7.5 software 
(Colwell 2006). This method was chosen 
because it calculates the fluctuations around 
the mean curve when the data sets are added, 
so it is the best method to evaluate the 
similarity of the inventory to the total richness 
of the area (Colwell and Coddington 1994). 

The composition of the chironomid larvae 
assemblage recorded in the middle course of 
the Jacuí River and its tributaries was 
compared to the assemblages found by 
inventories conducted at 32 other locations in 
Brazil (Table 2). Among the inventories found
in literature, those with sampling methods 
favoring benthic fauna were selected. In cases 
when an area was surveyed more than once, or 
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in cases when several surveys were made in 
areas close to each other (< 10 km), only the 
studies with the most complete and/or up-to-
date lists were included. In the studies carried 
out in wide areas, such as along the Iguaçu 
River, in the state of Paraná (Takeda et al. 
2005), the taxa list of the assemblage was 
divided into sectors (i.e., sections of the river 
course), if the article provided the taxa list by 
sampling sites. In order to compare the 
assemblages of different studies, taxa with 
uncertain identifications were discarded (i.e., 
Genus A, Genus 1), as well as identifications 
below genus level, because in many cases
such an identification is based on 
morphotypes (e.g., Suriano and Fonseca-
Gessner 2004; Siqueira and Trivinho-Strixino 
2005; Rosin et al. 2009), and is not suitable 
for comparison between different studies.

The similarity between the chironomid larvae 
assemblages was calculated using the 
Coefficient of Geographic Resemblance 
(Duellman 1990). This coefficient is 
expressed by Coeffecient of Geographic 
Resemblence = 2Ns/Na+Nb, where Ns = 
number of species in both areas, Na = number 
of species in area A. and Nb = number of 
species in area B. It is equivalent to 
Sørensen’s, Dice’s, and Czekanowski’s 
indices (Wolda 1981; Krebs 1999; Magurran 
2004), and was performed using NTSYS PC 
2.10s software. The matrix of similarity 
(Coefficient of Geographic resemblence) was
later represented by means of clustering 
analysis with the weighted pair-group method 
with an arithmetic average (Sokal and 
Micherner 1958) to avoid the effect of sample 
size (richness of genera in different 
assemblages) on the analyses (Valentin 1995).
Possible distortions in the graphical 
representation of the matrix of similarity by 
clustering analysis were evaluated by means 
of the cophenetic correlation coefficient (r) 

(Romesburg 1984). The closer the value of r is 
to 1, the smaller is the distortion (sensu Rohlf 
2000).

The similarity among taxa lists of 
assemblages of inventories can be affected by 
differences in sampling effort, such as the size 
of the area surveyed, periodicity of sampling, 
etc. However, this tendency can be minimized 
if studies carried out with a low sampling 
effort on the temporal axis show higher effort 
on the spatial axis (and vice-versa) (Santos et 
al. 2009). The differences between these 
studies are considered here, and reported in 
Table 2.

Data sets based on a spatially structured 
schedule may show relationships due to 
geographical proximity, which is known as 
spatial autocorrelation (Legendre and 
Legendre 1998). In order to test this 
relationship, a matrix of geographical 
distances between locations was constructed, 
obtained from the geographical coordinates 
cited in the publications or found by using 
Google Earth (http://www.google.com/earth).
The correlation between the matrix of 
geographical distance and the matrix of 
similarity in the composition of the 
chironomid larvae assemblages was 
determined by the Mantel Test (Manly 2000). 
This test indicates the correlation between 
matrices based on Z-statistics, where Z 
depends on the number or magnitude of 
elements in the matrix to be compared 
(Valentin 1995). Thus, normalization is 
needed to transform Z into a coefficient (r) 
that varies from 1 to -1 (Valentin 2000). The 
significance of Z was determined by the 
Monte Carlo permutation test (Smouse et al. 
1986), using 5000 permutations. The Mantel 
and Monte Carlo tests were performed using 
the NTSYS PC 2.10s software (Rohlf 2000).

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 6

The observed pattern of the spatial 
distribution of chironomid larvae assemblages 
was correlated with four hypothesis matrices, 
based on regional environmental
characteristics designed to explain the pattern 
that was found: 

1) Altitude hypothesis matrix: this postulates 
that the assemblages of Chironomidae at the 
locations with similar altitudes are more 
similar to each other. This hypothesis is based 
on the altitudes of the different locations of 
the studies compared (as provided in the 
reports and/or obtained using the geographical 
coordinates in the online version of Google 
Earth). The matrix of similarity of altitude 
among the locations was obtained through the 
Euclidean Distance index (Magurran 2004). 

2) Biome hypothesis matrix: this postulates 
that the compositions of the chironomid 
assemblage at locations in the same biome are 
more similar to each other than to those of 
other biomes. This hypothesis matrix is based 
on the locations of the inventories, and on the 
Brazilian biome classification (i.e., Cerrado, 
Amazon Forest, Atlantic Forest, Pantanal, and 
Pampa, according to the Instituto Brasileiro de 
Geografia e Estatística ( 2003)). A binary 
matrix was constructed in which pairs of 
locations from different biomes (i.e., Cerrado 
and Atlantic Forest) received a similarity 
value of 0, and pairs of locations from the 
same biome received a similarity value of 1. 

3) Hydraulic conditions (lotic or lentic) 
hypothesis matrix: this postulates that the 
chironomid assemblages at locations with the 
same hydraulic conditions are more similar to 
each other than to those with different 
conditions. Reservoirs and other 
impoundments were considered lentic 
environments. In order to obtain the matrix of 
similarity, pairs of locations with different 

hydraulic conditions received the value 0 (i.e., 
rivers x lakes), pairs with the same conditions
received the value 1, and pairs of locations in 
which one inventory involved lotic and lentic 
environments, and another only one of these 
conditions, received the value 0.5. 

4) Hydrographic basin hypothesis matrix: this 
postulates that the assemblages from locations 
within the same hydrographic basin are more 
similar to each other than to those in different 
hydrographic basins. The hydrographic basin 
of each study was obtained by plotting 
(geographical coordinates) the locations on 
the map of the major hydrographic basins of 
Brazil. These basins, shown in Figure 2, are:  
Rio Amazonas (Amazon River), Rio da Prata 
(Plate River), Costeira Sudeste (Southeast 
Coastal), and Costeira Sul (South Coastal), 
according to the Instituto Brasileiro de 
Geografia e Estatística (2003). In order to 
obtain the matrix of similarity, pairs of 
locations in different hydrographic basins 
received the value 0, and pairs of locations in 
the same hydrographic basin received the 
value 1. 

Because of the occurrence of spatial 
autocorrelation (r = 0.257; p = 0.016), a partial 
Mantel test (Smouse et al. 1986) was run to 
test the correlation between the matrix of 
similarity for the composition of the 
chironomid larvae assemblages and each of 
the four hypothesis matrices, using the matrix 
of geographical distance to avoid the effect of 
geographical proximity. This test consists of 
the comparison of two matrices (A and B), 
removing the effects of a third matrix (C, in 
the present study, corresponds to the 
geographical distance matrix) on the first two, 
using a regression of C on A and B. Thus, the 
residual matrix obtained represents the 
variations of matrices A and B that cannot be 
explained by matrix C (Smouse et al. 1986). 
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Then, the two residual matrices can be 
compared freely. For similarity and grouping 
analysis, Mantel and partial Mantel tests were 
performed using NTSYSpc 2.10S software 
(Rohlf 2000).

Results

Taxonomic composition and richness in the 
middle course of the Jacuí River
In total, 12,346 larvae of Chironomidae were 
collected, classified in 99 taxa (84 genera 
and/or species and 15 morphospecies), 
attributed to three subfamilies (Table 3). The 
subfamily that showed the greatest richness 
was Chironominae (68 taxa). Other 
subfamilies showed lower richness 
(Tanypodinae, 11 taxa; Orthocladiinae, 20 
taxa). The dominant taxa were Rheotanytarsus
sp. 1 (18.3%), Cricotopus sp. 2 (16.3%),
Cricotopus sp. 1 (11.2%), Polypedilum
(Polypedilum) sp. 1 (7.2%), Rheotanytarsus
sp. 2 (7%), Pseudochironomus (6.6%), and 
Polypedilum (Polypedilum) sp. 2 (6.4%). Of 
these, only Rheotanytarsus sp. 1 occurred at 
all sites. Twenty-two taxa were rare (up to 
three larvae), which corresponds to 22% of 
the total of taxa, and each taxon occurred at 
only one site (Table 3).

The species accumulation curve for the 12 
sampling sites (88 samples in total) in the 
middle course of the Jacuí River basin was 
stable, with little variation along the mean 
curve, showing that the asymptote was 
reached (Figure 3).

Regional distribution pattern
The cluster analysis of the locations with 
inventories of chironomid larvae assemblages 
in Brazil showed the formation of five groups 
with similarity higher than 50%. Group (i) 
clustered mainly assemblages of locations in 
the Rio da Prata basin and the Cerrado and 

Atlantic Forest biomes, although some 
locations within the Costeira Sul basin and the 
Pantanal biome were also included (BPCR1, 
BPCR6, BPCR5, BPMT1, BPCR2, BPCR7, 
BPMT14, BPMT13, BCSMT, and BPPAN2). 
Group (ii) clustered mainly assemblages of 
locations in the Rio da Prata basin and the 
Atlantic Forest biome, but also included some 
locations in the Costeira do Sudeste basin and 
the Cerrado biome (BCSeMT3, BPMT5, 
BPMT6, BPCR3, BPMT7, BPMT8, 
BCSeMT7, BPMT12, and BPMT11). Group 
(iii) clustered assemblages of locations 
exclusively in the Atlantic Forest and, except 
for one location, the Costeira do Sudeste basin 
(BCSeMT1, BCSeMT5, BCSeMT4, 
BCSeMT6, BCSeMT2, and BPMT3). Group 
(iv) clustered locations in two different basins 
and biomes (BAAM and BCSPM). Group (v) 
clustered two locations in the Rio da Prata 
basin and the Atlantic Forest biome (BPMT2 
and BPMT10). 

The main taxa responsible for clustering the 
five groups of chironomid larvae assemblages 
are presented in Table 4. In group i, 21 taxa 
were frequent, i.e., occurred in 70% or more 
of the locations compared, such as Beardius,
Caladomyia, Endotribelos,
Goeldichironomus, Stenochironomus,
Clinotanypus, Coelotanypus, and Procladius; 
furthermore, 11 taxa did not occur in group ii. 
Group ii contained nine frequent taxa, which 
were also frequent in locations of group i, as 
well as taxa that were frequent only within
group ii, such as Democritus, Cladopelma,
Dicrotendipes, and Fissimentum. In group iii, 
12 taxa were frequent, of which five were not 
frequent in groups i and ii (Nimbocera,
Oukurriella, Pelomus, Stempellinella, and 
Parametriocnemus), and five were exclusive 
(Nilotanypus, Thienemanniella, Mesosmitia, 
Pseudosmittia, and Rheocricotopus). Group iv 
shared the genera Chironomus, Ablabesmyia,
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and Larsia, and contained one exclusive taxon 
(Macropelopia). In group ‘v’, the genera 
Axarus, Chironomus, Cryptochironomus,
Glyptotendipes, Nimbocera, Tanytarsus, and 
Djalmabatista were shared, and 
Glyptotendipes and Micropsectra were 
exclusive. 

The partial Mantel tests (i.e., without spatial 
autocorrelation effect) indicated weak positive 
correlations between the distribution of the 
chironomid larvae assemblages and the 
hydraulic condition matrix (lotic or lentic), 
and the matrix of their hydrographic basins (r 
= 0.153, p = 0.05; r = 0.149, p = 0.05 
respectively).The correlation between the 
assemblage distribution and the biome matrix 
was weakly negative (r = -0.136, p = 0.05). 
On the other hand, altitude did not show a 
significant correlation with the distribution of 
the chironomid larvae assemblages (r = 0.005, 
p = 0.454).

Discussion

Taxonomic composition and richness in the 
middle course of the Jacuí River
The stability and asymptote reached by the 
collection curve of the present study suggest 
that little or no increase would be expected 
with greater sampling effort. Hence, 
considering that the occurrence of over 100 
species of Chironomidae, most of them rare, 
in a single river is common (Coffman 1995; 
Cranston 1995a; Roque et al. 2007), and that a 
high level of endemism is expected for 
different biogeographical regions (Coffman 
1989), it is possible that many of the 99 taxa 
found in the middle course of the Jacuí River, 
of which 20% were rare, are new species. 
However, as the identification of larvae of 
Chironomidae at species level is related to the 
prior description of adults and their associated 
larvae (Oliver 1971; Pinder 1986; Raunio 

2008), it is not possible to tell how many of 
these taxa might represent new species. 

Fourteen genera found in the study area are 
new occurrences for Rio Grande do Sul 
(Aedokritus, Axarus, Endotribelos,
Kiefferulus, Manoa, Oukuriella,
Phaenopsectra, Stenochironomus,
Xenochironomus, Xestochironomus,
Cardiocladius, Metriocnemus, Paracladius,
and Rheocricotopus). Adding the 99 taxa 
recorded here to the 13 other genera recorded 
by Wiedenbrug et al. (1997) and Panatta et al. 
(2007) for the lakes and wetlands of the 
Coastal Plain, and by Hepp et al. (2008) and 
Wiedenbrug et al. (2009) for small streams 
(Apedilo, Clinotanypus, Coelotanypus,
Onconeura, Alotanypus, prox. Macropelopia,
prox. Adenopelopia, Procladius, 
Monopelopia, Psectrocladius, Fitkauimya, 
Paralauterborniella, and Stempellina), the 
total richness of Chironomidae in Rio Grande 
do Sul reaches at least 112 taxa.

In terms of geographical patterns, the richness 
of Chironomidae tends to be greater and to 
show higher endemism rates in tropical and 
subtropical climates (Fittkau 1971; Coffman 
1989; Cranston 1995b). However, inventories 
conducted in Brazilian rivers have recorded 
lower richness levels of genera or species 
(between 11 and 71) in both tropical (Callisto 
and Esteves 1998; Marques et al. 1999; 
Sanseverino and Nessimian 2001; Amorim et 
al. 2004; Suriano and Fonseca-Gessner 2004; 
Siqueira and Trivinho-Strixino 2005; Aburaya 
and Callil 2007; Corbi and Trivinho-Strixino 
2008a, b; Silva et al. 2008; Siqueira et al. 
2009; Simião-Ferreira et al. 2009; Siqueira et 
al. 2009) and subtropical (Takeda et al. 2005; 
Resende end Takeda 2007; Rosin et al. 2009; 
Sonoda et al. 2009; Rosin et al. 2009) climates 
than in the cooler temperate climate of this 
study. Some workers have recorded high 
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richness (200 species) of Chironomidae in 
temperate lotic environments (e.g., Raunio 
2008, in rivers of Finland). Therefore, it is 
possible that lotic ecosystems constitute an 
exception to the tendency for richness to be 
highest in tropical areas, although the
available data are somewhat contradictory 
(McKie et al. 2005). However, other 
environmental factors can favor high richness 
of Chironomidae in rivers.

Environmental gradients have been related to 
the diversity of non-biting midges (Pinder 
1995; McKie et al. 2005). The distribution 
patterns of chironomid subfamilies vary 
according to the relief. The Orthocladiinae are 
common in streams located on plateaus, 
because they are more adapted to cool and 
well oxygenated waters, while the 
Chironominae are well adapted to live in 
lowlands, dwelling in fine sediments, and are 
tolerant of high temperatures and variations in 
oxygen content (Pinder 1995). Thus, in 
regions of transition from rithral to potamic 
areas, some species live near their limits of 
ecological tolerance (Statzner and Higler 
1986), and so these species can overlap in 
their distributions (Principe et al. 2008), 
allowing more species to coexist. The area 
studied here is a slope, between the upper 
course (in the uplands of the Planalto) and the 
lower course (in the lowlands of the Central 
Depression) of the Jacuí River. Hence, the 
high richness observed in the middle course of 
the Jacuí River could be related to its 
transitional relief. 

Environmental heterogeneity is another factor 
that may promote high richness of 
macroinvertebrates (e.g., Beisel et al. 2000; 
Voelz and McArthur 2000; Lencioni and 
Rossaro 2005). Structurally complex 
substrates (wood, leaves, stones and gravels, 
macrophytes, and moss) can provide more 

niches, with refuges and food resources, as 
well as protection from predation (Principe 
and Corigliano 2006), than structurally simple 
ones (sand or mud). This condition can also 
facilitate the colonization of middle and lower 
courses of rivers by taxa characteristic of 
rithral areas (Tokeshi and Pinder 1985). Many 
sites of the middle course of the Jacuí River 
have gravels with encrusting aquatic 
macrophytes (i.e., Podostemun), generating a 
layer of macrophytes and fine sediments over 
a gravel substrate. These macrophyte patches 
increase the heterogeneity of the environment, 
and probably contributed to the high richness 
recorded.

The stream order can also influence the 
composition and richness of chironomid 
assemblages, especially if the order covaries 
with altitude, substrate granulometry, and land 
use (e.g., Lindegaard 1995; Principe et al. 
2008; Puntí et al. 2009). In this study, 
sampling was conducted in stretches from the 
first to seventh orders. However, altitude (70 
to 140 meters above sea level) and 
granulometry (bolders and cobbles) did not 
vary among sites, showing no longitudinal 
gradient. In the middle course of the Jacuí 
River, the highest richness levels were 
recorded at four sites (1, 3, 7, 11) ranging 
from third to seventh order. This result was 
strongly influenced by the larger sampling 
effort (higher abundance of larvae) used at 
those segments (12 samples in each one). In 
other words, the sampling design does not 
allow discussion of the role of stream order in 
affecting the richness of Chironomidae 
assemblages. The richness levels previously 
recorded in other Brazilian rivers do not 
follow a pattern. The highest numbers of 
species were found in large-order stretches 
(Takeda et al. 2005; Rosin et al. 2009), but 
large-order stretches can also show lower 
richness (Callisto and Esteves 1998; Aburaya 
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and Callil 2007). Thus, climate, relief (slope), 
and heterogeneity of the substrate possibly 
play more important roles in affecting the 
diversity of chironomids in the region studied.

Because sampling in the middle course of the 
Jacuí River was originally planned to collect 
mollusks, the abundance and richness of many 
macroinvertebrates could be underestimated. 
The mesh size of 1 mm may have allowed 
many minute specimens to be lost. Thus, the 
diversity of chironomids might increase if a 
smaller mesh size were used. However, the 
sampling area of 0.36 m², and the tangles of 
Podostemun scraped from the stones and 
added to the samples, in which many 
chironomid larvae were attached, may have 
counteracted the large mesh-size effect. In any 
event, Chironomidae was the most abundant 
family in the area, and reached the highest 
richnnes among the insects found in the river 
(Neri et al. 2005; Spies et al. 2006; Siegloch et 
al. 2008; Pires 2011). 

The predominant taxa in the middle course of 
the Jacuí River belong to genera that are 
characteristic of potamic or backwater 
environments, with stony substrate and litter 
deposition. Polypedilum, Rheotanytarsus, and 
Cricotopus have been recorded in several 
other Brazilian rivers with stony bottoms 
(Sanseverino and Nessimian 2001; Roque et 
al. 2003; Suriano and Fonseca-Gassner 2004) 
and litter deposition (Sanseverino and 
Nessimian 2001). Polypedilum sp. and 
Rheotanytarsus sp. are characteristic of rapids, 
with a coarse substrate and turbulent flow 
(Principe et al. 2008). Even though species of 
Polypedilum are usually associated with fine 
sediments, some of its species can be found in 
coarse substrates (Pinder and Reiss 1983).

Regional distribution pattern
Studies conducted with freshwater 
macroinvertebrates and other animal groups 
showed that environmental factors of large 
spatial scale, such as climate (Bonada et al. 
2008), altitude (Maltchik et al. 2010), 
phytogeographical unit (Santos et al. 2009), 
and hydrographic basin (Martel et al. 2007), 
can affect the spatial distribution of the 
communities. However, the hydraulic 
conditions of the environments (i.e., lentic or 
lotic) seem to be the most important factor 
influencing the macroinvertebrates at the 
regional scale (Buffagni et al. 2009, 2010). 
Studies on large-scale patterns of diversity 
and distribution in lotic environments are few, 
and are restricted to temperate regions of the 
Northern Hemisphere (Vinson and Hawkins 
1998).

Studies of the regional-scale spatial 
distribution of chironomid assemblages are 
also rare. The taxonomic composition of 
families is more similar in tropical and 
subtropical areas (Cranston and Naumann 
1991; Pinder 1995; Rossaro et al. 2006). The 
influence of other factors, such as 
temperature, altitude, phytogeographic unit, 
hydrography, etc., is little investigated, and 
the few data available are incipient and/or 
contradictory. Changes in chironomid 
assemblages were observed along altitude 
gradients in European lakes (Bitusík and 
Svitok 2006), but not in rivers of the bioregion 
of the Humid Tropics in Australia (McKie et 
al. 2005). Changes were also observed 
according to the mean July air temperature in 
Finland lakes (Luoto 2009). However, 
chironomid genera have been used to identify 
the hydraulic conditions of ancient aquatic 
environments in paleoecological studies 
(Porinchu and MacDonald 2003), because 
lotic settings usually support a greater 
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diversity of larvae (Lindergaard 1995; Pinder 
1995).

In the present study, the absence of influence 
of altitude on the spatial pattern of the
assemblages, as well as the small degree of 
influence shown by hydrographic basins, 
biomes, and hydraulic conditions, probably 
indicate the relatively small influence of 
regional environmental factors on the 
distribution patterns of lotic chironomids. 
McKie et al. (2005) suggested that the 
Chironomidae have such a wide tolerance to 
many environmental variables that they are 
not affected by regional-scale factors. 
Additionally, studies conducted with 
communities of macroinvertebrates and 
focusing on multiple scales have demonstrated 
that a large part of the variation in community 
structure may be influenced by local factors 
(Rios and Bailey 2006). Hence, the spatial 
pattern of distribution of chironomid larvae 
observed in this study may have been more 
influenced by local factors. Previous studies 
have shown that local factors, such as oxygen, 
water velocity and temperature, pH, solid 
material in suspension, phosphorus, sulfate, 
presence of algae and macrophytes, type of 
sediment or substrate, calcium and ferrous 
ions, and electrical conductivity commonly 
affect the richness, abundance, and/or 
composition of communities (Ali et al. 2002; 
Bisthoven et al. 2005; Inoue et al. 2005; 
Woodcock et al. 2005; Principe et al. 2008; 
Siqueira et al. 2008; Al-Shami et al. 2010; 
Luoto 2011).

Among the taxa that were frequent only in 
group i, the genera Beardius, Caladomyia,
Endotribelus, Goeldichironomus,
Stenochironomus, Clinotanypus,
Coelotanypus, and Procladius, and some 
exclusive genera (Goeldichironomus,
Polypedilum (Asheum)) are characteristic of 

lentic environments associated with litter, 
higher temperatures, changes in the 
hydrological regime, and the presence of 
macrophytes (Epler 2001). Many of the 
locations where this group was found show 
these characteristics, such as the Rio Paraná, 
Rio Ivinhema, and Saracacá and Carnã creeks. 
The most frequent and exclusive taxa of group 
ii (Aedokrytus, Cladopelma, Dicrotendipes,
Fissiomentum, Tanytarsus, and Ablabesmyia)
are typical of lentic environments and sandy 
substrates, and are resistant to certain types of 
environmental degradation, such as the 
absence of riparian forest (Pinder and Reiss 
1983; Epler 2001). Human activities including 
agriculture, dams, deforestation, erosion and 
silting in streambeds, and discharge of 
industrial and domestic wastes are prevalent 
in group ii locations. 

Among the taxa that were frequent only in 
group iii or exclusive to it, Mesosmitia,
Pseudosmittia, Rheocricotopus, and 
Thienemanniella are characteristic of montane 
rivers and streams with good environmental 
preservation (Cranston et al. 1997), conditions 
shown by the locations of this group 
(Sanseverino and Nessimian 1998; Roque et 
al. 2007). The most frequent or exclusive taxa 
of group iv, such as Nilothauma, Alotanypus,
Labrundinia, Larsia, and Macropelopia, are 
resistant to environmental degradation (Spies 
and Reis 1996; Epler 2001). These conditions 
are found in Porto Trombeta creek and the 
Bela Vista and Ouro streams (Callisto and 
Esteves 1998; Panatta et al. 2006). 

Among the taxa exclusive to and frequent 
only in group v, Axarus, Glyptotendipes,
Micropsectra, and Paracladopelma are 
characteristic of littoral or sublittoral 
environments, in shallow lentic and lotic 
environments with slow flow, high 
temperatures, organic-matter concentration, 
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and fine sediment (mud), in mesotrophic and 
oligotrophic environments (Pinder and Reiss 
1983). The two locations where the genera of 
group v were found had these characteristics 
(Takeda et al. 1997; Santos and Henry 2001). 

The chironomid larvae assemblage of the 
middle course of the Jacuí River was most 
similar to the assemblages found in group i 
locations, and shared certain frequent genera, 
such as Rheotanytarsus, Cricotopus,
Polypedilum, Rheotanytarsus, and 
Pseudochironomus. However, the most 
abundant taxa found in the area studied here, 
as previously discussed, are characteristic of 
lotic environments with rocky substrates and 
litter deposition, and not of lentic 
environments, which characterize the 
environmental preferences of the majority of 
the frequent species of group i. 

Furthermore, the Jacuí River harbored several 
taxa that were exclusive to this group, such as 
Kiefferulus, Xestochironomus, Metriocnemus,
Monopelopia, Onconeura, and Paracladius. It 
is necessary to consider that taxa typical of 
both uplands and lowlands coexist in the 
transition regions of the middle course of the 
Jacuí River, and that the similarity analysis 
considered only the occurrence of genera. 

Local factors such as granulometry, presence 
of macrophytes, and leaf litter might have 
influenced the groupings that were formed. 
However, factors associated with the 
terrestrial environment, which are usually not 
taken into account in studies on aquatic 
communities, might also have influenced the 
spatial distribution of the Chironomidae. The 
occurrence of adults of this family is 
influenced primarily by typically terrestrial 
factors such as humidity, insolation, shade, air 
temperature, and predation (Armitage et al. 
1995; Tokeshi 1995). Furthermore, it is 

possible that species, even more than genera, 
might respond better to the factors tested in 
our study. For instance, larvae of different 
species of a single genus (such as 
Orthocladius, Rheotanytarsus,
Thienemanniella, and Polypedilum) have 
different environmental preferences in relation 
to granulometry and water velocity (Pinder 
and Reiss 1983; Pinder 1995; Epler 2001). 

Final considerations
The richness of larvae of Chironomidae 
recorded in the middle course of the Jacuí 
River was higher than those recorded in the 
warmer tropical and subtropical regions of 
Brazil. This high richness constitutes even 
more evidence that lotic ecosystems provide a 
general exception to the tendency of richness 
of species to be greater in tropical regions 
(McKie et al. 2005). This study also 
corroborates two patterns observed in 
previous studies of the spatial distribution of 
lotic Chironomidae: 1) the existence of greater 
diversity in mountain regions, and in 
transition zones of rithral and potamic areas, 
and 2) the possibility that environmental
regional-scale factors related to altitude and 
temperature exert little influence on the 
distribution of Chironomidae. Moreover, it is 
important to emphasize the need for additional 
studies, conducted on local and large spatial 
scales, especially in Brazil, in order to fill the 
existing lacunae in knowledge, and to 
understand the spatial distribution patterns 
recorded.

Acknowledgments

The authors thank Dr. Susana Trivinho-
Strixino (UFSCAR) for giving the opportunity 
of an internship to E. Floss, and for helping 
with or confirming the identification of taxa; 
Dr. Ana Emília Siegloch (UFSC) and Dr. 
Rosemary Davanso for their helpful 

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 13

suggestions that significantly improved this 
manuscript; Biologist Mateus Marques Pires 
for helping with the execution of the statistical 
tests and graphing programs, and information 
exchange; Dr. Marlise L. Bartholomei-Santos 
(UFSM) for lending the microscope and 
camera that were used to identify the taxa; 
DFESA (Dona Francisca Energética) for 
financial support; and CAPES for awarding a 
Master’s scholarship to E. Floss. Finally, we 
thank the anonymous referees for constructive 
suggestions, and Dr. Janet W. Reid for 
revising the English text. 

References

Aburaya FH, Callil CT. 2007. Variação 
temporal de larvas de Chironomidae (Diptera) 
no Alto rio Paraguai (Cáceres, Mato Grosso, 
Brasil). Revista Brasileira de Zoologia 24(3): 
565-572.

Al-Shami SHA, Rawi CSM, Ahmad AH, Nor 
SAM. 2010. Distribution of Chironomidae 
(Insecta: Diptera) in polluted rivers of the Juru 
River Basin, Penang, Malaysia. Journal of 
Environmental Sciences 22(11): 1718-1727.

Ali A, Frouz J, Lobinske RJ. 2002. Spatio-
temporal effects of selected physico-chemical 
variables of water, algae and sediment 
chemistry on the larval community of 
nuisance Chironomidae (Diptera) in a natural 
and a man-made lake in central Florida. 
Hydrobiologia 470: 181-193.

Amorim M, Henriques-Oliveira AL, 
Nessimian JL. 2004. Distribuição espacial e 
temporal das larvas de Chironomidae (Insecta: 
Diptera) na seção ritral do Rio 
Cascatinha, Nova Friburgo, Rio de Janeiro, 
Brasil. Lundiana 5(2): 119-127.

Armitage PD, Cranston PS, Pinder LCV. 
1995. The Chironomidae. The Biology and 
Ecology of Non-Biting Midges. Chapman and 
Hall.

Beisel JN, Usseglio-Polatera P, Moreteau JC. 
2000. The spatial heterogeneity of a river 
bottom: a key factor determining 
macroinvertebrate communities. 
Hydrobiologia 422(423): 163-171.

Bisthoven LJ, Gerhardt A, Soares AMVM. 
2005. Chironomidae larvae as bioindicators of 
an acid mine drainage in Portugal. 
Hydrobiologia 532: 181-191.

Bitusík P, Svitok M. 2006. Structure of 
Chironomid assemblage along environmental 
and geographical gradients in the Bohemian 
Forest lakes (Central Europe): An exploratory 
analysis. Biologia 61(20): 467-476.

Bonada N, Rieradevall M, Dallas H, Davis J, 
Day J, Figueroa R, Resh VH, Prat N. 2008. 
Multi-scale assessment of macroinvertebrate 
richness and composition in Mediterranean-
climate rivers. Freshwater Biology 53: 772-
788.

Buffagni A, Armanini DG, Erba S. 2009. 
Does the lentic–lotic character of rivers affect 
invertebrate metrics used in the assessment of 
ecological quality? Journal of Limnology
68(1): 92–105.

Buffagni A, Erba S, Armanini DG. 2010. The 
lentic-lotic character of Mediterranean rivers 
and its importance to aquatic invertebrate 
communities. Aquatic Sciences 72: 45-60.

Callisto M, Esteves FA. 1998. 
Biomonitoramento da macrofauna bentônica 
de Chironomidae (Diptera) em dois igarapés 
amazônicos sob influência das atividades de 

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 14

uma mineração de bauxita. In: Nessimian JL, 
Carvalho AL, Editors. Ecologia de Insetos 
Aquáticos. Série Oecologia Brasiliensis 5: 
299-309.

Coffman WP. 1989. Factors that determine 
the species richness of lotic communities of 
Chironomidae. Acta Biologica Debrecina 3: 
95-100.

Coffman WP. 1995. Conclusions. In: 
Armitage EPD, Cranston PS, Pinder LCV, 
Editors. The Chironomidae. The Biology and 
Ecology of Non-Biting Midges. pp. 438-447.
Chapman and Hall.

Colwell RK. 2006. Estimates: Statistical 
estimation of species richness and shared 
species from samples. Version 7.5, Available 
online: http://viceroy.eeb.uconn.edu/estimates.

Colwell RK, Coddington JA. 1994. 
Estimating terrestrial biodiversity through 
extrapolation. Philosophical Transaction of 
the Royal Society of London 345(1311): 101-
118.

Corbi JJ, Trivinho-Strixino S. 2008a. Effects 
of land use on lotic Chironomid communities 
of Southeast Brazil: Emphasis on the impact 
of sugar cane cultivation. Boletim do Museu 
Municipal do Funchal 13: 93-100.

Corbi JJ, Trivinho-Strixino S. 2008b. 
Relationship between sugar cane cultivation 
and stream macroinvertebrate communities. 
Brazilian Archives of Biology and Technology
51(4): 769-779.

Cranston PS. 1995a. Introduction. In: 
Cranston PS, Organizers. Chironomids: from 
genes to ecosystems. Proceedings of XII 
International Symposium on Chironomidae.
pp. 1-2.

Cranston PS. 1995b. Introduction. In: 
Armitage PPS, Cranston PS, Pinder LCV, 
Editors. The Chironomidae. The Biology and 
Ecology of Non-biting Midges. pp. 1-7.
Chapman and Hall. 

Cranston PS, Cooper PD, Hardwick RA, 
Humphrey CL, Dostine PL. 1997. Tropical 
acid streams: The Chironomid (Diptera) 
response in northern Australia. Freshwater 
Biology 37: 473-483.

Cranston PS, Naumann I. 1991. 
Biogeography. In: Cranston PS, Naumann I, 
Editors. Insects of Australia. pp. 181-197.
CSIRO: Melbourne University Press.

Dorfeld CB, Fonseca-Gessner AA. 2005. 
Fauna de Chironomidae (Diptera) associada à 
Salvinia sp. e Myriophyllum sp. em um 
reservatório do Córrego do Espraiado, São 
Carlos, São Paulo, Brasil. Entomología y 
Vectores 12(2): 181-182.

Duellman WE. 1990. Herpetofauna in 
Neotropical rainforest: comparative 
composition history and resource use. In: 
Gentry AH, Editor. Four Neotropical
Rainforests, 4th edition. Yale University 
Press.

Epler JH. 2001. Identification Manual for the 
Larval Chironomidae (Diptera) of North and 
South Carolina. A guide to the taxonomy of 
the midges of the southeastern United States, 
including Florida. Special Publication 
SJ2001-SP13. North Carolina Department of 
Environment and Natural Resources, Raleigh, 
NC, and St. Johns River Water Management 
District.

Fagundes CK, Behr ER, Kotzian CB. 2007. 
Alimentação de Rhinodoras dorbignyi

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 15

(Kröyer, 1855) (Siluriformes: Doradidae) no 
rio Ibicuí, Rio Grande do Sul, Brasil. Acta 
Scientiarum Biological Sciences 29(2): 137-
143.

FEPAM (Fundação Estadual de Proteção 
Ambiental) 2010. Qualidade das Águas da 
Bacia Hidrográfica do Rio Jacuí, Available 
online: 
http://www.fepam.rs.gov.br/qualidade/qualida
de jacui/jacui.asp.

Ferrarese U. 1993. Chironomids of Italian rice 
fields. Netherlands Journal of Aquatic 
Ecology 26: 341-346.

Ferrington JL. 2008. Global diversity of non-
biting midges (Chironomidae; Insecta-
Diptera) in freshwater. Hydrobiologia 595: 
447- 455.

Fittkau EJ. 1971. Distribution and ecology of 
Amazonian Chironomids (Diptera). The 
Canadian Entomologist 103: 407-413.

Freire CF, Fonseca-Gessner AA. 2001. Larvas 
de Chironomidae (Diptera) na Microbacia do 
Ribeirão Canchim, São Carlos, São Paulo, 
Brasil. Entomología y Vectores 8(4): 417-429.

Henriques-Oliveira AL, Nessimian JL, 
Dorvillé LFM. 2003. Distribution of 
Chironomidae larvae fauna (Insecta: Diptera) 
on different substrates in a stream at Floresta 
da Tijuca, RJ, Brazil. Acta Limnologica 
Brasiliensia 15(2): 69-84.

Henriques-Oliveira AL, Sanseverino AM, 
Nessimian JL. 1999. Larvas de Chironomidae 
(Insecta: Diptera) de substrato rochoso em 
dois rios em diferentes estados de preservação 
na Mata Atlântica, RJ. Acta Limnologica 
Brasiliensia 11(2): 17-28.

Hepp LU, Biasi C, Milesi SV, Veiga FO, 
Rastello RM. 2008. Chironomidae (Diptera) 
larvae associated to Eucalyptus globulus and 
Eugenia uniflora leaf litter in a subtropical 
stream (Rio Grande do Sul, Brazil). Acta
Limnologica Brasiliensia 20(4): 345-350.

Higuti J, Takeda AM. 2002. Spatial and 
temporal variation in densities of Chironomid 
larvae (Diptera) in two lagoons and two 
tributaries of the upper Paraná River 
floodplain, Brazil. Brazilian Journal of 
Biology 62(4B): 807-818.

Instituto Brasileiro de Geografia e Estatística. 
2003. Divisão Hidrográfica Nacional.
Available online: 
http://www.ibge.gov.br/ibgeteen/atlasescolar/
mapas_pdf/brasil_bacias.pdf

Inoue E, Kawai K, Imabayashi H. 2005. 
Species composition and assemblage structure 
of chironomid larvae (Diptera: Chironomidae) 
attaching to the artificial substrates in a 
Japanese temperate basin, in relation to the 
longitudinal gradient. Hydrobiologia 543: 
119-133.

Jacobsen D, Shultz R, Encalada A. 1997. 
Structure and diversity of stream invertebrate 
assemblages: the effect of temperature with 
altitude and latitude. Freshwater Biology 38:
247-261.

Kleine P, Trivinho-Strixino S. 2005. 
Chironomidae and other macroinvertabrates 
of a first order stream: community response 
after habitat fragmentation. Acta Limnologica 
Brasiliensia 17(1): 81-90.

Krebs CJ. 1999. Ecological Methodology, 2nd 
edition. Benjamin Cummings.

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 16

Legendre P, Legendre L. 1998. Numerical 
Ecology, 2nd edition. Elsevier.

Lencioni V, Rossaro B. 2005. 
Microdistribution of chironomids (Diptera: 
Chironomidae) in Alpine streams: an 
autoecological perspective. Hydrobiologia
533: 61-76.

Lindegaard C. 1995. Classification of water-
bodies and pollution. In: Armitage PD, 
Cranston, PS, Pinder LCV, Editors. The 
Chironomidae. The Biology and Ecology of 
Non-Biting Midges. pp. 385-304. Chapman 
and Hall. 

Longhi SJ, Durlo MA, Marchiori JNC. 1982.
A vegetação da mata ribeirinha no curso 
médio do rio Jacuí, RS. Ciência & Natura 4: 
151-161.

Luoto TP. 2009. Subfossil Chironomidae 
(Insecta: Diptera) along a latitudinal gradient 
in Finland: development of a new temperature 
inference model. Journal of Quaternary 
Science 24: 150-158.

Luoto TP. 2011. The relationship between 
water quality and chironomid distribution in 
Finland: A new assemblage-based tool for 
assessments of long-term nutrient dynamics. 
Ecological Indicators 11: 255-262.

Magurran AE. 2004. Measuring Biological 
Diversity, 2nd edition. Blackwell Sciences.

Maltchik L, Lanés LEK, Stenert C, Medeiros 
E. 2010. Species-area relationship and 
environmental predictors of fish communities 
in coastal freshwater wetlands of southern 
Brazil. Environmental Biology of Fishes 88: 
25-30.

Maluf JRT. 2000. Nova classificação 
climática do Estado do Rio Grande do Sul. 
Revista Brasileira de Agrometeorologia 8(1): 
141-150.

Manly BFG. 2000. Multivariate Statistical 
Methods: A Primer, 2nd edition. Chapman 
and Hall.

Marchiori JC, Longhi SJ, Durlo MA. 1982. A 
vegetação de capoeira na região do curso 
médio do rio Jacuí, RS. Ciência & Natura 4: 
141-150.

Marques MMSM, Barbosa FAR, Callisto M. 
1999. Distribution and abundance of 
Chironomidae (Diptera, Insecta) in an 
impacted watershed in southeast Brazil. 
Revista Brasileira de Biologia 59(4): 553-561.

Martel N, Rodríguez MA, Bérubé P. 2007. 
Multi-scale analysis of responses of stream 
macrobenthos to forestry activities and 
environmental context. Freshwater Biology
52: 85–97.

Marziali L, Giordano D, Armanini MC, Erba 
S, Toppi E, Buffagni A, Rossaro B.  2009. 
Responses of Chironomid larvae (Insecta, 
Diptera) to ecological quality in 
Mediterranean river mesohabitats (South 
Italy). River Research and Applications 26:
1036-1051.

McKie BG, Pearson RG, Cranston PS. 2005. 
Does biogeographical history matter? 
Diversity and distribuition of lotic midges 
(Diptera: Chironomidae) in the Australian 
Wet Tropics. Austral Ecology 30: 1-13.

Morrone JJ. 2006. Biogeographic areas and 
transition zones of Latin America and the 
Caribbean islands based on panbiogeographic 

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 17

and cladistic analyses of the entomofauna. 
Annual Review of Entomology 51: 467-494.

Neri DB, Kotzian CB, Siegloch AE. 2005. 
Composição de Heteroptera aquáticos e semi-
aquáticos na área de abrangência da U.H.E. 
Dona Francisca, RS, Brasil: fase de pré-
enchimento. Iheringia, Série Zoologia 95 (4): 
421-428.

Nessimian JL, Sanseverino AS. 1998. Trophic 
functional characterization of the mountain 
region of Rio de Janeiro State, Brazil. 
Verhandlungen der Internationalen 
Vereinigung für Theoretische und 
Angewandte Limnologie 26: 2115-2119.

Oliver DR. 1971. Life History of the 
Chironomidae. Annual Review of Entomology
16: 211-230.

Panatta A, Stenert C, Freitas SMF, Maltchik
L. 2006. Diversity of chironomid larvae in 
palustrine wetlands of the coastal plain in the 
south of Brazil. Limnology 7: 23-30.

Panatta A, Stenert C, Freitas SMF, Maltchik 
L. 2007. Diversity and distribution of 
Chironomid larvae in wetlands in sourthern 
Brazil. Journal of the Kansas Entomological 
Society 80(3): 229-242.

Pereira PRB, Garcia Netto LR, Borin CJA. 
1989. Contribuição à geografia física do 
município de Santa Maria: unidades de 
paisagem. Geografia Ensino e Pesquisa 3: 37-
68.

Pinder LCV. 1986. Biology of freshwater 
Chironomidae. Annual Review of Entomology
31: 1-23.

Pinder LCV. 1995. The habitats of 
Chironomid larvae. In: Armitage PD, 

Cranston PS, Pinder LCV, Editors. The 
Chironomidae. The Biology and Ecology of 
Non-Biting Midges. pp. 107-135. Chapman 
and Hall. 

Pinder LCV, Reiss F. 1983. The larvae of 
Chironominae (Diptera: Chironomidae) of the 
Holarctic region – keys and diagnoses. In: 
Wiederholm T, Editor. Chironomidae of the 
Holarctic region. Keys and diagnoses. pp. 
293-435. Entomologica Scandinavica 
Suppplement.

Pires MM, Kotzian CB, Spies MR, Neri DB. 
2011. Larval diversity of Odonate (Insecta) 
genera in a montane region of southern 
Brazil, and the influence of artificial farm 
ponds on Odonate community structure.
Monografia de conclusão de curso, Curso de 
Ciências Biológicas, Universidade Federal de 
Santa Maria. 

Porinchu DF, MacDonald GM. 2003. The use 
and application of freshwater midges 
(Chironomidae: Insecta: Diptera) in 
geographical research. Progress in Physical 
Geography 27: 378-422.

Prado DE. 2000. Seasonally dry forests of 
tropical South America: from forgotten 
ecosystems to a new phytogeographic unit. 
Edinburgh Journal of Botany 57(3): 437-461.

Principe RE, Boccolini MF, Corigliano MC. 
2008. Structure and spatial-temporal dynamics
of Chironomidae fauna (Diptera) in upland 
and lowland fluvial habitats of the 
Chocancharava River Basin (Argentina). 
Hydrobiology 93(3): 342-357.

Principe RE, Corigliano MC. 2006. Bentic, 
drifting and marginal macroinvertebrate 
assemblages in a low river: temporal and 

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 18

spatial variations and size structure. 
Hydrobiologia 553: 303-317.

Puntí T, Rieradevall M, Prat N. 2009. 
Environmental factors, spatial variation, and 
specific requirements of Chironomidae in 
Mediterranean reference streams. Proceedings
of the North American Benthological Society
28 (1): 247-265.

Raunio J. 2008. The use of Chironomid Pupal 
Exuvial Technique (CPET) in Freshwater 
Biomonitoring: Applications for Boreal Rivers 
and Lakes. Oulu University. 

Resende DLMC, Takeda AM. 2007. Larvas 
de Chironomidae (Diptera) em três 
reservatórios do Estado do Paraná. Revista 
Brasileira de Zoociências 9(2): 167-176.

Rios SL, Bailey RC. 2006. Relationship 
between riparian vegetation and stream 
benthic communities at three spatial scales. 
Hydrobiologia 553: 153-160.

Rohlf FJ. 2000. NTSYSpc 2.10s. Numerical
Taxonomic and Multivariate Analysis. Exeter 
Software.

Romesburg HC. 1984. Cluster Analysis for 
Researchers. Lifetime Learning Publications. 

Roque FO, Siqueira T, Bini LM, Ribeiro MC, 
Tambosi LR, Ciocheti G, Trivinho-Strixino. 
2010. Untangling associations between 
chironomid taxa in Neotropical streams using 
local and landscape filters. Freshwater 
Biology 37(1): 1-19.

Roque FO, Trivinho-Strixino S, Milan L, 
Leite JG. 2007. Chironomid species richnnes 
in low-order streams in the Brazilian Atlantic 
Forest: a first approximation through a 
Bayesian approach. Journal of the North 

American Benthological Society 26(2): 221-
231.

Roque FO, Trivinho-Strixino S, Strixino G, 
Agostinho RC, Fogo JC. 2003. Benthic 
macroinvertebrates in streams of the Jaraguá 
State Park (Southeast of Brazil) considering 
multiple spatial scales. Journal of Insect 
Conservation 7(2): 63-72.

Rosenberg DM. 1992. Freshwater 
biomonitoring and Chironomidae. Aquatic 
Ecology 26(2): 101-122.

Rosin GC, Oliveira-Mangarotti DP, Takeda 
AM, Butakka, CMM.  2009. Consequences of 
dam construction upstream of the Upper 
Paraná River Floodplain (Brasil): a temporal 
analysis of the Chironomidae community over 
an eight-year period. Brazilian Journal of 
Biology 69(2): 591-608.

Rossaro, B. 1991. Factors that determine 
Chironomidae species distribution in fresh 
waters. Italian Journal of Zoology 58: 281-
286.

Rossaro B, Lencioni V, Boggero A, Marziali 
L. 2006. Chironomids from Southern Alpine 
running waters: ecology, biogeography. 
Hydrobiologia 562: 231-246.

Saether OA, Ashe P, Murray DE. 2000. 
Family Chironomidae. In: Papp L, Darvas B, 
Editors. Contributions to a Manual of 
Palaearctic Diptera (with special reference to 
the flies of economic importance), volume 4 
(Appendix A. 6). Science Herald. 

Sandin L, Johnson RK. 2004. Local, 
landscape and regional factors structuring 
benthic macroinvertebrate assemblages in 
Swedish streams. Landscape Ecology 19:
501–514.

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 19

Sánchez MI, Green AJ, Castellanos, EM. 
2006. Spatial and temporal fluctuations in 
presence and use of chironomid prey by 
shorebirds in the Odiel saltpans, south-west
Spain. Hydrobiologia 567: 329–340.

Sanseverino AM, Nessimian JL. 1998. Habitat 
preferences of Chironomidae larvae in an 
upland stream of Atlantic Forest, Rio de 
Janeiro State, Brazil. Verhandlungen der 
Internationalen Vereinigung für Theoretische 
und Angewandte Limnologie 26: 2141-2144.

Sanseverino AM, Nessimian JL. 2001. 
Habitats de larvas de Chironomidae (Insecta, 
Diptera) em riachos de Mata Atlântica no 
Estado do Rio de Janeiro. Acta Limnologica 
Brasiliensia 13(1): 29-38.

Sanseverino AM, Nessimian JL. 2007. A 
fauna de Tanytarsini (Insecta: Diptera: 
Chironomidae) em áreas de terra firme na 
Amazônia Central. Anais VIII, Congresso de 
Ecologia do Brasil 1-2.

Sanseverino AM, Nessimian JL, Oliveira 
ALH. 1998. A fauna de Chironomidae 
(Diptera) em diferentes biótopos aquáticos na 
Serra do Subaio (Teresópolis, RJ). In: 
Nessimian JL, Carvalho AL, Editors.
Ecologia de Insetos Aquáticos. Série 
Oecologia Brasiliensis 5: 253-263.

Santos CM, Henry R. 2001. Composição, 
distribuição e abundância de Chironomidae 
(Diptera, Insecta) na Represa de Jurumirim 
(Rio Paranapanema – SP). Acta Limnologica 
Brasiliensia 13(2): 99-115.

Santos TG. Vasconcelos TS, Rossa-Feres DC, 
Haddad CFB. 2009. Anurans of a seasonally 
dry tropical forest: Morro do Diabo State 

Park, São Paulo state, Brazil. Jounal of 
Natural History 43(15): 973-993.

Serrano MAS, Severi W, Toledo VJS. 1998. 
Comunidade de Chironomidade e outros 
macroinvertebrados em um rio tropical de 
planície, Rio Bento Gomes, MT. In: 
Nessimian JL, Carvalho AL, Editors. 
Ecologia de Insetos Aquáticos. Série 
Oecologia Brasiliensis 5: 265-278.

Siegloch AE, Froehlich CG, Kotzian CB. 
2008. Composition and diversity of 
Ephemeroptera (Insecta) nymph communities 
in the middle section of the Jacuí River and 
some tributaries, southern Brazil. Iheringia,
Série Zoologia 98(4): 425-432.

Silva FL, Moreira DC, Ruiz SS, Bochini GL. 
2007. Avaliação da importância da unidade de 
conservação na preservação da diversidade de 
Chironomdae (Insecta: Diptera) no córrego 
Vargem Limpa, Bauru, Estado de São Paulo. 
Acta Scientiarum Biological Sciences 29(4): 
401-405.

Silva FL, Ruiz SS, Moreira DC, Bochini GL. 
2008. Composição e diversidade de imaturos 
de Chironomidae (Insecta, Diptera) no 
Ribeirão dos Peixes, Dois Córregos, SP. 
Revista Brasileira de Biociências 6(4): 341-
346.

Silva FL, Ruiz SS, Moreira DC, Bochini GL. 
2008.Composição e diversidade de imaturos 
de Chironomidae (Insecta, Diptera) no 
Ribeirão dos Peixes, Dois Córregos, SP. 
Revista Brasileira de Biociências 6(4): 341-
346.

Silva FL, Silveira AL, Talamoni JLB, Ruiz 
SS. 2009. Temporal variation of 
Chironomidae larvae (Insecta, Diptera) in the 

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 20

Batalha River, Midwestern São Paulo State, 
Brazil. Ciência et Praxis 2(3): 7-12.

Simião-Ferreira J, Demarco JP, Mazão GR, 
Carvalho AR. 2009. Chironomidae 
assemblage structure in relation to organic 
enrichment of an aquatic environment. 
Neotropical Entomology 38(4): 464–471.

Siqueira T, Bini LM, Cianciaruso MV, Roque 
FO, Trivinho-Strixino S. 2009. The role of 
niche measures in explaining the abundance 
distribution relationship in tropical lotic 
chironomids. Hydrobiologia 636(1): 163-172.

Siqueira T, Roque FO, Trivinho-Strixino S. 
2008. Phenological patterns of Neotropical 
lotic Chironomids: Is emergence constrained 
by environmental factors? Austral Ecology
33(7): 902-910.

Siqueira T, Trivinho-Strixino S. 2005. 
Diversidade de Chironomidae (Diptera) em 
dois córregos de baixa ordem na região central 
do Estado de São Paulo, através da coleta de 
exúvias de pupa. Revista Brasileira de 
Entomologia 49(4): 531-534.

Sokal RR, Micherner CD. 1958. A statistical 
method for evaluating systematic 
relationships. The University of Kansas 
Scientific Bulletin 38: 1409-1438.

Smouse PE, Long JC, Sokal RR. 1986. 
Multiple regression and correlation extensions 
of the Mantel test of matrix correspondence. 
Systematic Zoology 35: 627-632.

Sonoda KC, Matthaei CD, Trivinho-Strixino 
S. 2009. Contrasting land uses affect 
Chironomidae communities in two Brazilian 
rivers. Archiv für Hydrobiologie,
Fundamental and Applied Limnology 174(2): 
173-184.

Spies MR, Froehlich CG, Kotzian CB. 2006. 
Composition and diversity of Trichoptera 
(Insecta) larvae communities in the middle 
section of the Jacuí River and some 
tributaries, State of Rio Grande do Sul, Brazil. 
Iheringia, Série Zoologia 96(4): 389-398.

Spies M, Reiss F. 1996. Catalog and 
bibliography of Neotropical and Mexican 
Chironomidae (Insecta, Diptera). Spixiana 
Supplement 22: 61-119.

Statzner B, Higler B. 1986. Stream hydraulics 
as a major determinant of benthic invertebrate 
zonation patterns. Freshwater Biology 16: 
127-139.

Stenert C, Santos EM, Maltchik L. 2004. 
Levantamento da diversidade de 
macroinvertebrados em áreas úmidas do Rio 
Grande do Sul (Brasil). Acta Biologica 
Leopoldensia 26(2): 225-240.

Strahler AN. 1957. Quantitative analysis of 
watershed geomorphology. American 
Geophysical Union Transactions 33: 913-920.

Suriano MT, Fonseca-Gessner AA. 2004. 
Chironomidae (Diptera) larvae in streams of 
Parque Estadual de Campos do Jordão, São 
Paulo State, Brazil. Acta Limnologica 
Brasiliensia 16(2): 129-136.

Takeda AM, Butakka CMM, Fujita DS, 
Fugita RH, Bibian JPR. 2005. Larvas de 
Chironomidae em cascata de reservatórios no 
Rio Iguaçu (PR). In: Rodrigues L, Thomaz 
SM, Agostinho AA, Gomes LC, Editors. 
Biocenose em Reservatórios: Padrões 
Espaciais e Temporais. pp.147-160. Rima. 

Takeda AM, Higuti J, Rodrigues LC, 
Bialetzki A, Pilati R, Delariva, RL, Abes SS, 

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 21

Campos JRC, Campos JB, Romagnolo MB, 
Sanches PV. 1997. Distribuição espacial de 
zoobentos do Ressaco do “Pau Véio” e do 
canal Cortado. In: Anais VIII Seminário 
Regional de Ecologia. pp. 127-139.
Universidade Federal de São Carlos. 

Tokeshi M. 1995. Life cycles and population 
dynamics. In: Armitage PD, Cranston PS, 
Pinder LCV, Editors. The Chironomidae: The
Biology and Ecology of Non-Biting Midges.
pp. 226-268. Chapman and Hall.

Tokeshi M, Pinder LCV. 1985. Microhabitats 
of stream invertebrates on two submersed 
macrophytes with contrasting leaf 
morphology. Holarctic Ecology 1(8): 313-
319.

Trivinho-Strixino S. 2011. Chironomidae 
(Insecta, Diptera, Nematocera) do Estado de 
São Paulo, Sudeste do Brasil. Available on 
line: 
http://www.biotaneotropica.org.br/v11n1a/en/
abstract? inventory+bn0351101a2011

Trivinho-Strixino S, Strixino G. 1995. Larvas 
de Chironomidae (Diptera) do Estado de São 
Paulo. Guia de Identificação e Diagnose dos 
Gêneros. Universidade Federal de São Carlos.

Trivinho-Strixino S, Strixino G. 1999. Insetos 
dípteros: quironomídeos. In: Joly CA, Bicudo 
CEM, Editors. Biodiversidade do Estado de 
São Paulo, Brasil: síntese do conhecimento ao 
final do século XX, 4: Invertebrados de Agua 
Doce. pp. 141-148. FAPESP

Trivinho-Strixino S, Strixino G. 2005. 
Chironomidae (Diptera) do Rio Ribeira 
(divisa dos Estados de São Paulo e Paraná) 
numa avaliação ambiental faunística. 
Entomología y Vectores 12(2): 243-253.

Valentin JL. 1995. Agrupamento e ordenação. 
In: Peres-Neto RP, Valentin JL, Fernando F, 
Editors. Tópicos em Tratamento de Dados 
Biológicos. Oecologia Brasiliensis 2: 27-55.

Valentin JL. 2000. Ecologia Numérica: uma 
Introdução à Análise Multivariada de Dados 
Ecológicos. Interciência.

Vinson MR, Hawkins CP. 1998. Biodiversity 
of stream insects: Variation at local, basin, 
and regional scales. Annual Review of 
Entomology 43: 271-293.

Voelz NJ, McArthur JV. 2000. An exploration 
of factors influencing lotic species richness. 
Biodiversity and Conservation 9: 1543-1570.

Walker I. 1998. Population dynamics of 
Chironomidae (Diptera) in the central 
Amazonian blackwater river Tarumã-Mirim 
(Amazonas, Brazil). In: Nessimian JL, 
Carvalho AL, Editors. Ecologia de Insetos 
Aquáticos. Oecologia Brasiliensis 5: 235-252.

Wiedenbrug S, Nolte U, Würdig NL. 1997. 
Macrozoobenthos of a coastal lake in southern 
Brazil Achiv für Hydrobiologie 140(4): 533-
548.

Wiedenbrug S, Trivinho-Strixino S. 2009. 
Ubatubaneura, a new genus of the 
Corynoneura group (Diptera: Chironomidae: 
Orthocladiinae) from the Brazilian Atlantic 
Forest. Zootaxa 1993(41): 41-52.

Wiederholm T, 1983. Chironomidae of the 
Holarctic region key and diagnoses. 
Entomologica Scandinavica Supplement
34(1): 125-127.

Wolda H. 1981. Similarity indices, sample 
size and diversity. Oecologia 50: 296–302.

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 121 Floss et al.

Journal of Insect Science | www.insectscience.org 22

Table 1. Characterization of the sampling sites of the Chironomidae larvae assemblages collected between April 2000 and May 
2002 in the middle course of the Jacuí River, Rio Grande do Sul, Brasil.

Woodcock T, Longcore J, McAuley D, Mingo 
T, Bennatti CR, Stromborg K. 2005. The role 
of pH in structuring communities of Maine 
wetland macrophytes and Chironomid larvae 
(Diptera). Wetlands 25(2): 306-316.
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Table 2. Ecosystems, hydrographic regions, biomes, and respective locations (see references) used in the comparison between 
the Chironomidae assemblages with those recorded in the middle course of the Jacuí River, Rio Grande do Sul. Hydrographic 
regions: Bacia Amazônica (Amazon Basin) – AM, Bacia do Prata (Plate River Basin) – BP, Bacia Costeira do Sudeste  (Southeast 
Coastal Basins) – BCSe and Bacia Costeira Sul (South Coastal Basins) – BCS. Biomes: Amazônia – AM, Cerrado – CR, Pantanal 
– PN, Mata Atlântica – MT and Pampa – PM. Sampler: Core – 1, Manual grab – 2, Surber – 3, Entomological aquatic net – 4, 
Modified Petersen grab – 5, Manual net – 6, Eckman-Birge grab – 7, D-frame net – 8, Van Veen grab – 9.
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Table 3. Taxonomic composition and abundance of the Chironomidae larvae assemblages at 12 sampling sites (1-12) in the 
middle course of the Jacuí River basin, Rio Grande do Sul, between April 2000 and May 2002. Genera and species identified by 
capital letters and with Arabic numerals, respectively, correspond to those described in the dichotomouse key of Trivinho-
Strixino and Strixino (1995), and genera and species identified by Arabic numbers and capital letters, respectively, correspond 
to those identified by the authors of the present study.
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Table 4. Taxonomic composition and frequency of occurrence of the genera of Chironomidae in the five groups formed in 
the cluster analysis for the 33 locations compared. (Note. i, ii, iii, iv and v = groups formed in the cluster; Arabic numerals in 
parentheses = number of locations involved in the formation of the groups; bold numbers = taxa with occurrence frequency ≥
70%; italic numbers = exclusive taxa).
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Figure 1. Location of the study area and of sampling sites of the Chironomidae larvae assemblages in the middle course of the 
Jacuí River, Rio Grande do Sul, Brazil. High quality figures are available online. 
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Figure 2. Brazilian hydrographic basins (Instituto Brasileiro de Geografia e Estatística 2003) and locations ( ) surveyed for the 
analysis of similarity with the community described in this study ( ), in the middle course of the Jacuí River, Rio Grande do Sul, 
and those recorded in other Brazilian locations. (see the corresponding number key for each location in Table 1) (Adapted 
from the website: http://labgeo.blogspot.com/2009/02/mapa-das-bacias-hidrograficas-do-brasil.html). High quality figures are 
available online. 
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Figure 3. Cumulative curve of taxa of the Chironomidae larvae assemblages recorded in the middle course of the Jacuí River 
basin, Rio Grande do Sul, Brazil, between April 2000 and May 2002. The solid line with dots represents the mean curve, and the 
dotted lines represent the variation around the mean. High quality figures are available online. 
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Figure 4. Similarity (Coefficient of Geographic Resemblance, CGR) in the taxonomic composition of the Chironomidae 
assemblages from inventories taken in Brazil. r represents the cophenetic correlation coefficient. The abbreviations for the 
locations inventoried are defined in Table 2. High quality figures are available online. 
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