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Abstract  
The Chironomidae occupy different habitats along the lotic system with their distribution 
determined by different factors such as the substrate characteristics and water speed. The input of 
vegetable material from the riparian forest allows a higher habitat diversity and food to the 
benthic fauna. The main aim of this paper is to verify the structure and spatial distribution of the 
Chironomidae fauna in different mesohabitats in a first order stream located at a Biological 
Reserve in the southeast of Brazil. In the months of July, August, and September 2007, and in 
January, February, and March 2008, samples were collected with a hand net (250 µm) in the 
following mesohabitats: litter from riffles, litter from pools, and sediment from pools. The 
community structure of each mesohabitat was analyzed through the abundance of organisms, taxa 
richness, Pielou’s evenness, Shannon’s diversity, and taxa dominance. Similarity among the 
mesohabitats was obtained by Cluster analysis, and Chironomidae larvae distribution through the 
Correspondence analysis. Indicator species analysis was used to identify possible taxa preference 
for a determined mesohabitat. The analyzed mesohabitats showed high species richness and 
diversity favored by the large environmental heterogeneity. Some taxa were indicators of the type 
of mesohabitat. The substrate was the main factor that determined taxa distribution in relation to 
water flow differences (riffle and pool). Stream characteristics such as low water speed and the 
presence of natural mechanisms of retention may have provided a higher faunistic similarity 
between the areas with different flows. The results showed that the physical characteristics of 
each environment presented a close relationship with the structure and spatial distribution of the 
Chironomidae fauna in lotic systems. 
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Introduction  
 
The Chironomidae (Diptera) constitute a 
highly diversified group of aquatic insects 
frequently occurring in high density in all 
kinds of liminic ecosystems (Coffman and 
Ferrington 1984). The larvae of this family 
contribute to nutrient cycling in aquatic 
environments by accelerating decomposition 
through vegetable material fragmentation 
from the riparian forest (Sanseverino and 
Nessimian 2008), and constitute food resource 
for fish (Rezende and Mazzoni 2003), 
amphibians (Dutra and Callisto 2005), reptiles 
(Novelli et al. 2008), and invertebrates 
(Walker 1987). They are, therefore, 
fundamental components in the aquatic 
trophic net normally occupying different 
habitats along the lotic system, with their 
distribution determined by several factors - 
among them substrate characteristics 
(Sanseverino and Nessimian 2001). 
 
The substrate can be organic or inorganic 
(Duan et al. 2008), vary the degree of surface 
roughness, the size of particles, and the 
content of the organic matter (Taniguchi and 
Tokechi 2004). Along a stream, substrates are 
associated with different water flow speeds, 
which allow a higher environmental 
heterogeneity in micro and meso-spatial scales 
(Beisel et al. 1998). Physical factors, as well 
as food quality and availability, present a 
close relationship with the structure and 
distribution of aquatic insects (Merrit and 
Cummins 1984). The riparian forest provides 
substrate and food for the benthic fauna 
through the input of vegetable parts that fall 
from trees and accumulate over the stream bed 
(Suriano and Fonseca-Gessner 2004), 
contributing to higher habitat diversity. The 
structure and distribution of the biological 
communities reflect the aquatic system 

conditions, which make the study of these 
communities in preserved environments a 
fundamental step to the elaboration of 
management and conservation plans for these 
areas. 
 
The reminiscent areas of Atlantic forest host a 
significant share of biological diversity, with 
high levels of endemism in aquatic and 
terrestrial habitats (Myers at al. 2000). The 
location of these areas close to urban centers 
makes their environments more vulnerable to 
anthropic pressures and its ecosystem 
consequent degradation (Resende at al. 2002). 
The main aim of this paper is to verify the 
structure and spatial distribution of the 
Chironomidae fauna in different mesohabitats 
in a first order stream located at the Poço 
D’Anta Municipal Biological Reserve in the 
municipality of Juiz de Fora, state of Minas 
Gerais, Brazil. 
 
Material s and  Methods   
 
The Poço D’Anta Municipal Biological 
Reserve is a conservation unity constituted by 
a reminiscent fragment of the Atlantic forest 
in secondary succession stage and has an area 
of 277 ha, located in the municipality of Juiz 
de Fora, state of Minas Gerais, Brazil (21° 44’ 
23. 33” S to 21º 45’ 51. 78” S and 43º 18’ 
29.28” W to 43º 19’ 9.70” W). The areas 
surrounding the Reserve present a high urban 
growth that leads to an increase in the 
pressures against its preservation (Souza 
2008), the quality of water bodies, and the 
diversity of existing habitats. 
 
The studied environment is a first order 
stream located between the coordinates 21° 
44’ 35.8” S to 21° 44’ 30.7” S and 43° 18’ 
50.6” W to 43° 18’ 53” W with altitude 
around 850 m. It is a permanent spring fed 
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stream, whose margins present dense riparian 
vegetation, with a predominantly sandy bed 
with rocks of different sizes and large 
numbers of fallen leaves and branches.  
 
In the months of July, August, and September 
2007 and in January, February, and March 
2008, samples were collected in each one of 
the mesohabitats litter from riffles, litter from 
pools, and sediment from pools using a hand 
net (250 µm). All collections were carried out 
in a stretch of low declivity, previously 
selected, with length of approximately 300 m. 
In each month, three patches of each 
mesohabitat, located at different points along 
the stretch, were individually sampled over a 
10 second-period, totalizing 30 seconds by 
sample/mesohabitat/month. The samples of 
litter from riffles, litter from pools, and 
sediment from pools were obtained and 
analyzed separately. 
Aiming to accomplish a general limnological 
characterization of the studied stretch, water 
temperature, pH, electrical conductivity, and 
the level of dissolved oxygen were registered 
during the collections using a multisensor 
(Horiba U10). The results obtained refer to an 
average of three measurements performed at 
random points located along the stretch. 
Stream width, water speed, and depth 
measurements were taken in different parts of 
the selected stretch. Water speed was obtained 
through the fluctuator method (Martinelli and 
Krusche 2007). The separation of the 
granulometric fraction of the sediment was 
done with dry samples at room temperature 
and passed in sieves with different sizes of 
mesh (2mm, 0.5 mm, 0.25 mm, and 0.05 mm). 
In order to analyze the concentration of the 
organic matter of the sediment, a portion of 
2.0 grams of the sample was incinerated at 
550º C during 4 hours. The result obtained 
was the difference between the initial and 
final weight of the sample and expressed in 

dry weight percentage (Golterman et al. 
1978). 

 
In the laboratory, the samples were fixed in 
formaldehyde solution 4%, and washed in 
current water using a sieve with a 0.21 mm 
mesh. Chironomidae larvae were sorted in a 
stereoscopic microscope and the specimens 
preserved in 70° GL alcohol. Larvae were 
individually mounted on slides in Hoyer’s 
medium and identified to the smallest 
taxonomic possible level, according to 
Wiederholm (1983), Epler (1992), and 
Trivinho-Strixino and Strixino (1995).  
 
For each mesohabitat-month, values related to 
Shannon’s diversity index (Magurran 2004), 
Pielou’s evenness (Magurran 2004), richness 
of taxa and abundance of organisms were 
calculated for litter from riffles, litter from 
pools, and sediment from pools. The 
dominance index value (DI) was calculated 
according to Kownacki (1971).  
 
In order to measure the effect of mesohabitats 
on the variation of the fauna structure, the 
two-way ANOVA parametric test was 
conducted for the values of richness and 
diversity indices. The same test was used for 
the abundance data after they were 
logarithmized (log x +1) due to the absence of 
normality (Shapiro-Wilk, p < 0.05). Because 
the collections were performed in different 
seasons (dry and rainy) the test also made it 
possible to evaluate the effect of the temporal 
variable. These analyses were made using the 
statistical program BioEstat 5.0 (free version).  
 
The similarity degree among the mesohabitats 
was tested through Cluster analysis (UPGMA, 
Morisita coefficient) based on the numerical 
abundance of taxa. The program used for this 
analysis was the Past version 1.49 (free 
version). The Correspondence analysis (CA) 
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was used as an ordination technique among 
the samples (mesohabitats-months) and the 
number of Chironomidade larvae in each 
sample (Henriques-Oliveira 2003). This 
analysis was performed using a FITOPAC 
program version 1.6 (free version). Only the 
dominant (DI >1) and subdominant taxa (1< 
DI <10) present in the sampled mesohabitats 
were included in this analysis. A possible taxa 
preference for a specific mesohabitat was 
identified through the indicator species 
analysis proposed by Dufrêne and Legendre 
(1997). The statistical significance of each 
species indicator value was calculated using 
the Monte Carlo test (1000 permutations). 
This analysis was made with the PC-Ord 
program version 4.10.  
 
Results  
 

The stretch of the studied stream was 
characterized as narrow, in a shallow sand-bed 
with predominance of 2 mm to 0.25 mm 
fractions (Table 1). The waters are 
transparent, well oxygenated, with low 
electrical conductivity and slightly acid pH. 
The average temperature of the water showed 
little variation during the study. The mean 
values and respective standard deviation of 
the environmental variables are presented in 
Table 2. The average percentage of organic 
matter of the sediment samples was 30%.  
 
In the analyzed mesohabitats, 3958 
Chironomidae larvae were collected, which 
belonged to three subfamilies, distributed in 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  Chironomidae subfamily abundance present in mesohabitats in a first order stream at the Po•o DÕAnta Municipal 
Biological Reserve, Juiz de Fora (MG), Brazil. High quality figures are available online. 

Table 1 . Granulometric characterization of sediment present 
in a first order stream at the Po•o DÕAnta Municipal Biological 
Reserve, Juiz de Fora (MG), Brazil. 
 
 
 
 
 
 
 

 

Table 2 . Limnological characterization of the first order stream at 
the Po•o DÕAnta Municipal Biological Reserve, Juiz de Fora (MG), 
Brazil. 
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35 genera and 12 morphotypes (Table 3). 
Among the subfamilies, Chironominae were 
more abundant in litter from riffles (H= 7.20, 
p <0.05) and litter from pools (H= 4.61, p 
>0.05), and Tanypodinae were more abundant 
in sediment from pools (H= 6.53, p <0.05). 
Orthocladiinae were more abundant in litter 
from riffles and litter from pools (H= 2.17, p 
>0.05) (Figure 1). Chironominae presented 
higher taxa richness in the three mesohabitats 
analyzed. 
 
The dominance index values (DI) indicated 
that most Chironomidae taxa were adominant 
in the three mesohabitats (DI <1). In litter 
from riffles and litter from pools 
Rheotanytarsus and Paratendipes (DI >10) 
were dominant, while Corynoneura were 
dominant only in litter from pools. In 
sediment from pools, it was indentified 
dominance of Larsia, Pentaneurini and 
Tanytarsini sp4 (Table 3). 
 
The mean values of Shannon’s diversity 
index, Pielou’s evenness, abundance, and total 
richness (number of taxa corresponding to six 

months of collection) calculated for each 
mesohabitat are shown in Table 4.  

 
It was not detected the effect of mesohabitat 
on taxa richness (F= 0.23; p >0.05; GL = 2), 
diversity (F = 1.59, p >0.05; GL= 2), nor 
abundance (F = 2.61; p >0.05; GL = 2). It was 
not attested the effect of temporal variable 
(dry and rainy) on richness (F= 3.63; p >0.05; 
GL = 5), diversity (F= 3.63 p >0.05; GL= 5), 
nor on abundance (F= 2.69; p >0.05; GL= 5). 
 
Cluster analysis resulted in the formation of 
two larger groups, according to the nature of 
the substrate. One group was composed 
mainly by sediment and the other by litter 
(Figure 2). The Correspondence analysis 
result (Figure 3) showed that axis I was 
responsible for 44.85% of data variation, 
followed by axis II (14.92%). The analysis 
indicated that, in the studied stream fauna 
distribution was more related to the nature of 
the substrate (litter and sediment) than to 
differences in water flow (riffle and pool), 
which reinforces the Cluster analysis result. 
The indicator species analysis showed that the 
Onconeura, Thienemannimya, Endotribelos, 
Paratendipes, and Rheotanytarsus genera 
were indicators of litter from riffles, and the 
Djalmabatista, Clinotanypus, Harnischia sp1, 
Polypedilum (Tripodura), Stempellinella, 
Tanytarsini sp2, and Tanytarsini sp4 were 
indicators of sediment from pools (Table 5). 
 
Discussion  
 
The numeric participation of Chironomidae 
subfamilies varied among the mesohabitats. In 
litter from riffles, the high abundance of 
larvae of the Tanytarsini tribe contributed to a 
higher participation of Chironominae 
subfamily in this mesohabitat. Tanytarsini 
larvae are usually abundant in forested 
streams, especially in current water and litter 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  Cluster analysis result of the mesohabitats litter from riffles 
(LR), litter from pools (LP), and sediment from pools (SP) in a first 
order stream at the Po•o DÕAnta Municipal Biological Reserve, Juiz de 
Fora (MG), Brazil (cofenetic correlation = 0.87). High quality figures are 
available online. 
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areas with high presence of particulate organic 
matter (Sanseverino and Nessimian 2007). In 
addition, high richness and abundance of 

Tanytarsisni is to be expected in streams with 
clean waters and well oxygenated (Helson 
2006). In sediment from pool, Tanypodinae 

Table 3 . Abundance of Chironomidae and Dominance Index (DI) of the taxa found in litter from riffles, litter from pools and sediment 
from pool in a first order stream at the  Po•o DÕAnta Municipal Biological Reserve, Juiz de Fora (MG), Brazil. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Dominant (DI > 10) = DO 
Subdominant (1 < DI < 10) = SD, 
Adominant (DI < 1) = AD 
Absent = A 



 

Journal of Insect Science: Vol. 11 | Article 36  Rosa et al. 

Journal of Insect Science | www.insectscience.org� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �7 
 
 

larvae were predominant. According to 
Wiederholm (1983), these larvae are adapted 
to living in pool areas with soft substrate. The 
higher abundance of Orthocladiinae larvae 
observed in litter from riffles and litter from 
pools in relation to sediment possibly 
occurred due to the preference of the collected 
taxa for vegetable substrate. 
 
The spatial distribution of aquatic insect 
larvae is closely related to morphological and 
physiological adaptations to the physical 
characteristics of the habitat although some 
species may exhibit higher plasticity in 
relation to the type of habitat they occupy 
(Roque et al. 2007). This is usually observed 

for various members of Chironomidae family, 
both in relation to the substrate and to the 
water flow (Pinder 1995). In this study, the 
Correspondence analysis showed that some 
taxa were associated with sediment and others 
with litter. The Tanytarsus genus 
predominantly occurred in litter, both in riffle 
and in pool areas, which confirms the results 
of Sanseverino and Nessimian (2001). 
However, other authors suggest that these 
larvae may occupy different types of substrate 
under different flow conditions (Epler 1992; 
Rosin and Takeda 2007). The Polypedilum 
genus was present in the three mesohabitats; 
Polypedilum (Tripodura) larvae occurred only 
in sediment from pools; Polypedilum gr. 
fallax were associated only to litter from 
riffles; and Polypedilum (Polypedilum) larvae 
were more abundant in litter from pools. 
Larvae of this genus have a flexible diet, 
which enables them to occupy different types 
of substrate under different environmental 
conditions (Epler 1992; Coofman and 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 3.  Correspondence analysis (axi I and II) of the samples of each mosohabitat and the distribution of the taxa of 
Chironomidae in a first order stream at the Po•o DÕAnta Municipal Biological Reserve, Juiz de Fora (MG), Brazil: Sediment 
from pools (SP), litter from riffles (LR), and litter from pools (LP). Taxa: (Abla -Ablabesmyia, Cory -Coryroneura, Djab -
Djalmabatista, Endo -Endotribelos, Lars -Larsia, Lope -Lopescladius, Nano -Nanocladius, Nilo -Nilothauma, Onco -Onconeura, 
Pard -Paratendipes, Part -Parametriocnemus, Pent - Pentaneurini, Poly -Polypedilum (polypedilum), Potr -Polypedilum (Tripodura), 
Pogr .-Polypedilum gr. fallax, Rheo -Rheotanytarsus, Stel -Stempellinella, Sten -Stenochironomus, Tan1 -Tanytasini sp1, Tan2 - 
Tanytarsini sp2, Tan4 -Tanytarsini sp4- Tany -Tanytarsus, Thie - Thienemannimya). High quality figures are available online. 

Table 4 . Average abundance (A), richness (S), diversity ShannonÕs 
(HÕ) and PielouÕs evenness (E) of Chironomidae in mesohabitats in a 
first order stream at the Po•o DÕAnta Municipal Biological Reserve, 
Juiz de Fora (MG), Brazil. 
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Ferrington 1984).  
 
Different from what happens with some taxa 
of Chironomidae, some others may have 
higher degree of specialization in relation to 
the type of substrate they occupy and the 
water flow (Sanseverino and Nessimian 
2001). This fact was observed for the 
Onconeura and Thienemannimya genera that 
were indicators of litter in riffles areas, and for 
the Nanocladius, Corynoneura and 
Parametriocnemus genera which were 
associated with litter in areas of riffle and 
pool. This corroborated some studies 
conducted in tropical streams that found these 
genera occurring preferentially in litter 
substrate (Nessimian and Sanseverino 1998; 
Sanseverino and Nessimian 2001; Henriques-
Oliveira et al. 2003; Kikuchi and Uieda 2005). 
Leaf litter deposited on stream beds is 
colonized by decomposing microorganisms 
that increase the appetence of the leaves for 
invertebrates (Graça et al. 2001). In addition, 
the heterogeneous structure of this substrate 
offers better opportunities of shelter for the 
larvae against the current speed and potential 
predators (Kikuchi and Uieda 1998). These 
factors offer suitable conditions for the 
establishment of the fauna, as it was shown by 
the high values obtained for richness indices 
and the high abundance of larvae obtained in 
the mesohabitats litter from riffle and litter 
from pool. 
  
The occurrence of taxa in a determined habitat 
also may be closely related with their feeding 
habit (Fidelis et al. 2008). The genera 
Endotribelos and Stenochironomus which 
were associated only with litter from riffle 
mesohabitats, have been found preferably in 
vegetable substrate, as confirmed in the 
studies of Roque at al. (2005) and Gallize and 
Marchese (2007) who attributed this fact to 
feeding habit shredder and/or mining feeding 

Table 5 . Indicator species analysis result: LRÐ litter from 
riffles, LP Ð litter from pools, SP Ð sediment from pools. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
* Indicator species (P<0.05) are in bold. 
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habit of leaves and wood in decomposition. 
Rheotanytarsus, indicador of the litter from 
riffles, is a genus usually observed in areas 
with higher current speed associated with 
vegetable substrates (Amorim 2004) or to 
rocks (Henriques-Oliveira 2003). These larvae 
have tube-building habits which allow their 
attachment to the substrate in areas with a 
higher water flow (Hynes 1970) where they 
take advantage of the water flow to filter food 
particles (Coffman and Ferrinhton 1984). 
 
In contrast to the vegetable substrate, the 
sandy substrate usually has low diversity and 
richness in reason of shortage of food 
resources and refuge for the fauna (Hynes 
1970). However, in the studied stream, the 
high percentage of organic matter present in 
the sediment in pool areas determined high 
values of indices for richness and diversity, 
similar to the vegetable substrate. The 
vegetable detritus carried by the rains may be 
retained in pool areas that are formed along 
the stream by retention mechanisms such as 
logs fallen on its bed. Therefore, the sediment 
found in these areas presents a large amount 
of organic matter which provides favorable 
conditions to many invertebrate taxa. 
Furthermore, many Chironomidae more 
frequently occur in low flow and sandy 
sediment habitats (Epler 1992), as observed 
for the taxa Lopescladius, Larsia, 
Ablabesmyia, and Pentaneurini through the 
Correspondence analysis and for the taxa 
Clinotanypus, Djalmabatista sp2, 
Polypedilum (Tripodura), Tanytarsini sp2, 
Tanytarsini sp4, Harnishia sp1, and 
Stempellinella through the indicator species 
analysis. 
 
Most taxa were adominant in the three 
mesohabitats, a fact that can be attributed to 
the preserved riparian forest which offers a 
higher environmental stability and 

heterogeneity favoring the establishment of a 
diverse fauna, that is, higher evenness among 
the groups present in the stream (Henriques-
Oliveira et al. 1999; Suriano and Fonseca-
Gessner 2004). The dominance of 
Paratendipes genera in litter from riffle and 
pool may be attributed to the good 
conservation status of the stream, once they 
are intolerant to damaged environments 
(Tokeshi 1995) and frequent in forested 
streams with good quality waters (Henriques-
Oliveira et al. 1999). 
 
In tropical regions, low-order streams with 
preserved forest cover receive less influence 
of different seasons since the marginal 
vegetation provides a protection, reducing or 
preventing the impact of rains on the stream 
bed. This is contrary to what can be observed 
in higher-order streams or in those streams 
whose marginal vegetation had been removed, 
where the effects of the seasons are more 
accentuated (Henriques–Oliveira 1999; Bispo 
et al. 2006).  
 
In stretch of the studied stream, it was not 
observed separation of the fauna in relation to 
riffle and pool areas. The low average speed 
of the water (equal to 0.26m/s) (Santos Jr. et 
al. 2007), the shallow stream depth, and the 
presence of branches and logs on its bed, 
possibly contributed to a smaller delimitation 
of different current speeds and the biota 
associated with them. Henriques-Oliveira et 
al. (1999) compared the Chironomidae fauna 
in two low-order tributaries and observed that 
the one with dense canopy cover and many 
natural retention mechanisms, showed smaller 
amplitude in the flow variation, and higher 
similarity between the fauna of pools and 
riffles. In addition, many factors may interact 
and influence the distribution of the benthic 
fauna in streams, and the delimitations among 
the habitats are frequently dynamic (Wallace 
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and Webster 1996), both spatially and 
temporally that may make it difficult to 
visualize a pattern for fauna distribution.  
 
Although the differences in water flow speed 
are among the main variables that determine 
the distribution of the insect community in 
lotic systems (Beisel et al. 1998). In the 
studied stream the nature of the substrate was 
the main factor that determined the spatial 
distribution of the fauna. This study reinforces 
the importance of considering the particular 
physical characteristics of each environment 
because they present a close relationship with 
the structure and the spatial distribution of 
Chironomidae fauna in lotic systems. 
 
Acknowledgements  
 
We would like to thank Fundação de Apoio à 
Pesquisa do Estado de Minas Gerais 
(FAPEMIG) for the financial support (CRA 
APQ-01285-08). 
 
References  
 
Amorim RM, 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): 135-142. 
 
Ayres M, Ayres Jr. M, Ayres DL, Santos AS. 
2005. BioEstat 5.0. Aplica•›es estat’sticas nas 
‡reas das ci•ncias biol—gicas e mŽdicas. 
Sociedade Civil Mamirau‡ (MCT). Imprensa 
Oficial do Estado do Pará. 
 
Beisel JN, Philippe V, Sandra T. 1998. Stream 
community structure in relation to spatial 
variation: the influence of mesohabitat 
characteristics. Hydrobiologia 389: 73–88. 
 

Bispo PC, Oliveira LG, Bini LM. 2006. 
Ephemeroptera, Plecoptera and Trichoptera 
assemblages from riffles in mountais streams 
Central Brazil: environmental factors 
influencing the distribuition and abundance 
immatures. Brazilian Journal of Biology 
66(2): 611-622. 
 
Coffman WP, Ferrington LC. 1984. 
Chironomidae. In: Merritt RW, Cummins 
KW, editors. An introduction to the Aquatic 
Insects of North America, pp. 551-554. 
Kendall Hunt publishing Company. 
 
Duan X, Zhaoyin W, Tian S. 2008. Effect of 
streambed substrate on macroinvertebrate 
biodiversity. Frontier Environmental Science 
& Engineering 2(1): 122–128. 
 
Dufrê M, Legendre P. 1997. Species 
assemblages and indicator species: The need 
for a flexible asymmetrical approach. 
Ecological Monographs 67: 345-366. 
 
Dutra LS, Callisto M. 2005. 
Macroinvertebrates as tadpole food: 
impoertance and bory size relationships. 
Revista Brasileira de Zoologia 22(4): 923-
927. 
 
Epler JH. 1992. Identification manual for the 
larval Chironomidae (Diptera) of Florida. 
Florida Department of Environmental 
Regulation. 
 
Fidelis L, Nessimian JL, Hamada N. 2008. 
Distribuição espacial de insetos aquáticos em 
igarapés de pequena ordem na Amazônia 
Central. Acta Amaz™nica 38(1): 127-134. 

Galizzi MC, Marchese M. 2007. 
Decomposicion de hohas de Tessaria 
integrifólia (Asteraceae) y colonizacón por 



 

Journal of Insect Science: Vol. 11 | Article 36  Rosa et al. 

Journal of Insect Science | www.insectscience.org� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �11 
 
 

invertebrados em um cauce secundário del rio 
Paraná. Interciencia 32: 535-540. 

Golterman HL, Clymo RS, Ohnstad MA. 
1978. Methods for physical and chemical 
analysis of freshwater. 2a ed., Oxford: 
Blackwell Scientific, (JNP Handbook, 8). 
 
Graça MAS, Ferreira RC, Coimbra CN. 2001. 
Litter processing along a stream gradient: the 
role of invertebrates and decomposers. 
Journal of the North American Benthological 
Society 20: 408-420. 
 
Helson JE, Williams DD, Turner D. 2006. 
Larval chironomid community organization in 
four tropical rivers: human impacts and 
longitudinal zonation. Hydrobiologia 559: 
413-431. 
 
Hammer Ø, Harper DAT, Ryan PD. 2001. 
PAST: Paleoeontological Statistics software 
package for education and data analysis. 
Palaeontologia Electronica 4(1): 1- 9.  
 

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 
Limnol—gica Brasiliensia 11(2): 17-28. 

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

Hynes, HBN. 1970. The Ecology of Stream 
Insects. Annual Review Entomology 15: 25-42. 

Kikuchi RM, Uieda VS. 1998. Composição da 
comunidade de invertebrados de um ambiente 

lótico tropical e sua variação espacial e 
temporal. In: Nessimian JL, Carvalho AL, 
editors. Ecologia de Insetos Aqu‡ticos, 
pp.153-173. Séries Oecologia Brasiliensis. 
PPGE-UFRJ.  
 
Kikuchi RM, Uieda VS. 2005. Composição e 
distribuição dos macroinvertebrados em 
diferentes substratos de fundo de um riacho no 
município de Itatinga, São Paulo, Brasil. 
Entomologia y Vectores 12(2): 193-231. 
 
Kownacki A. 1971. Taxocens of 
Chironomidae in Polish high tratants. Acta 
Hydrobiologica 13(4): 439-464. 
 
Martinelli LA, Krusche AV. 2007. 
Amostragem em Rios. In: Bicudo CEM, 
Bicudo DC, organizers. Amostragem em 
Limnologia, pp. 263-279. RiMa. 

Mccune B, Mefford MJ. 1999. Multivariate 
Analysis of Ecological Data. PC-Ord. Version 
4.10. MjM Software. 

 

Merrit RW, Cummins KW (editors). 1984. An 
introduction to the Aquatic Insects of North 
America. Kendall/Hunt Publishing Company. 
 
Myers N, Mittermeier RA, Mittermeier CG, 
Fonseca GAB, Kent J. 2000. Biodiversity hot 
spots for conservation priorities. Nature 403: 
853-858. 
 
Nessimian JL, Sanseverino AM. 1998. 
Trophic Functional Caracterization of the 
Chironomid larvae (Diptera: Chironomidae) 
in a First-Order Stream at the Mountain 
Region of Rio de Janeiro State, Brazil. 
Verhandlungen der Internationalen 
Vereiningung fŸr theoretische and 
angewandte Limnologie 26: 2115-2119. 
 



 

Journal of Insect Science: Vol. 11 | Article 36  Rosa et al. 

Journal of Insect Science | www.insectscience.org� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �12 
 
 

Novelli IA, Souza BM, Gomides SC, Aline de 
Oliveira S, Brugiolo SSS. 2008. Hydromedusa 
Maximiliani (Brazilian Snake-necked turtle) 
Diet. Herpetological Review 39: 345-345. 
 
Resende M, Lani JL, de Rezende SB. 2002. 
Pedossistemas da Mata Atlântica: 
considerações pertinentes sobre a 
sustentabilidade. Revista çrvore 26(3): 261-
269. 
 
Rezende CF, Mazzoni R. 2003. Aspectos da 
alimentação de Bryconamericus 
Microcephalus (Characiformes, 
Tetragonopterinae) no sórrego Andorinha, 
Ilha Grande – RJ. Biota Neotropica 3(1): 1-6. 
 
Roque FO, Siqueira T, Trivinho-Strixino S. 
2005. Occurrence of chironomid larvae living 
inside fallen-fruits in Atlantic Forest streams, 
Brazil. Entomologia y Vectores 12: 275-282. 
 
Roque FO, Trivinho-Strixino S, Milan LA, 
Leite JG. 2007. Chironomid species richness 
in low order streams in Brazilian Atlantic 
Forest: a first approximation through Bayesian 
approach. Journal of the North American 
Benthological Society 26: 221-231. 
 
Rosin GC, Takeda AM. 2007. Larvas de 
Chironomidae larvas (Diptera) da planície de 
inundação do alto rio Paraná: distribuição e 
composição em diferentes ambientes e 
períodos hidrológicos. Acta Scientiarum 
Biological Sciences 29(1): 57-63. 

Sanseverino AM, Nessimian JL, Oliveira 
ALH. 1998. A fauna de Chironomidae 
(Díptera) em diferentes biótopos aquáticosna 
Serra do Subaio (Teresópolis, RJ). In: 35. 
Nessimian JL, Carvalho AL, editors. Ecologia 
de Insetos Aqu‡ticos, pp.253-263. Séries 
Oecologia Brasiliensis. PPGE-UFRJ.  

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) em 
áreas de terra firme na Amazônia Central. 
Anais do VIII Congresso de Ecologia do 
Brasil, pp. 1-2. 

Sanseverino AM, Nessimian JL. 2008. Larvas 
de Chironomidae (Diptera) em depósitos de 
folhiço submerso em um riacho de primeira 
ordem da Mata Atlântica (Rio de Janeiro, 
Brasil). Revista Brasileira de Entomologia 
52(1): 95-104. 

Santos Jr. JE, Strieder MN, Fiorentin GL, 
Neiss UG. 2007. Velocidade da água e a 
distribuição de larvas e pupas de Chirostilbia 
pertinax (Kollar) (Diptera, Simuliidae) e 
macroinvertebrados associados. Revista 
Brasileira de Entomologia 51(1): 62-66. 

 

Shepherd GJ. 2004. FITOPAC - 
Departamento de Botânica, UNICAMP. 
 
Sousa BM. (Coord.) 2008. Plano de Manejo 
da Reserva Biol—gica Municipal Po•o 
DÕAnta, Juiz de Fora-MG, pp. 1-322. Arcellor 
Mitral Juiz de Fora/AGENDA JF/IEF. 
 
Suriano MT, Fonseca-Gessner AA. 2004. 
Chironomidae (Diptera) larvae in systems of 
Parque Estadual de Campos do Jordão, São 
Paulo State, Brazil. Acta Limnologica 
Brasiliensia 16: 129-136. 
 
Taniguchi H, Tokeshi M. 2004. Effects of 
habitat complexity on benthic assemblages in 
a variable environment. Freshwater Biology 
49: 1164-1178. 
 



 

Journal of Insect Science: Vol. 11 | Article 36  Rosa et al. 

Journal of Insect Science | www.insectscience.org� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �13 
 
 

Tokeshi M. 1995. Life cycles and population 
dynamics In: Armitage PD, Cranston PS, 
Pinder LCV, editors. The Chironomidae: 
Biology and ecology of non-biting midges, pp. 
225-268. Chapman & Hall. 
 
Trivinho-Strixino S, Strixino G.1995. Larvas 
de Chironomidae (Diptera) do Estado de S‹o 
Paulo: Guia de identifica•‹o e diagnose dos 
g•neros, pp. 1-229. UFSCar. 

Walker I. 1987. The Bioloy of stream as part 
of Amazonian forest ecology. Experientia 50: 
279-290. 

Wallace JB, Webster JR. 1996. The Role of 
Macroinvertebrates in Stream Ecosystem 
Function. Annual Review of Entomology 41: 
115-139. 

Wilderholm T. editor. 1983. Chironomidae of 
the Holartic - Keys and diagnoses (Part 1 – 
Larvae). Entomologica Scandinavica 
Supplement 19: 1- 457. 
 


