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Abstract. Composition, diversity and density of benthic macroinvertebrates were described based on samples from the four different sites of Rio 
Mato Grosso, Saquarema, Rio de Janeiro. Biotic and environmental data were obtained in January 2006 in microhabitats with different substrates. A 
total of 5.605 specimens of the 28 insect families and two crustaceous families are sampled. The lowest values of richness, diversity, equitability and 
density were observed in low altitude sites. The highest diversity and density values were observed in litter substrate, while sand substrate showed 
lower values of these parameters.

Keywords: Benthic macroinvertebrates; Coastal stream; Distribution; Taxonomic richness.

Estrutura da Comunidade de Macroinvertebrados Aquáticos de um Riacho de Mata Atlântica, Brasil

Resumo. A composição, diversidade e densidade de macroinvertebrados bentônicos foram descritas a partir de amostras provenientes de quatro 
localidades distintas do Rio Mato Grosso, Saquarema, Rio de Janeiro. Os dados bióticos e abióticos foram obtidos em janeiro 2006 em microhabitats 
com diferentes tipos de substrato. Foi amostrado um total de 5.605 espécimes de 28 famílias de insetos e duas de crustáceos. Os menores valores de 
riqueza, diversidade, equitabilidade e densidade foram registrados nas localidades de menor altitude. Folhiço foi o substrato com maiores valores de 
diversidade e densidade, enquanto areia apresentou os menores valores desses parâmetros.

Palavras-chave: Distribuição; Macroinvertebrados bentônicos; Riacho costeiro; Riqueza taxonômica.
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A traditional approach to study of the stream organization 
is based on the concept of “River Continuum” proposed 
by Vannote et al. (1980), suggesting that physical 

characteristics are modified longitudinally from the headwaters 
to the mouth, forming a continuous gradient where the biotic 
communities are distributed. Currently, this concept is largely 
criticized by new theories about river ecology (Ward et al. 2002). 
Nevertheless, it is still explaining some patterns associated with 
the distribution of functional groups, especially in small lotic 
systems (e.g. Ward et al. 2002), where longitudinal links are 
stronger than the transversal ones.

Among the aquatic macroinvertebrates of lotic systems, insects 
are the most diverse and abundant ones (Hynes 1970; Bueno et 
al. 2003; Kikuchi & Uieda 2005; Ribeiro & Uieda 2005). They are 
distributed throughout many available microhabitats. It mainly 
occurs due to their great diversity of forms and morphological 
adaptations (Allan 1995; Hauer & Resh 1996; Baptista et al. 2001) 
as well as the interaction between specific habit and physical 
habitat (Vannote et al. 1980; Resh & Rosenberg 1984).

Water velocity, temperature and dissolved oxygen are the 
main abiotic variables of lotic systems (Allan 1995; Kikuchi 
& Uieda 1998), being responsible for the organization of the 
macroinvertebrate communities (Branco & Necchi Jr. 1997; 
Gonçalves & Aranha 2004). Nevertheless, the substrata (sand, 
gravel, rock or vegetation) are also important factors, since 
they can provide shelter against predation and food resource 
(Sanseverino et al. 1998; Kikuchi & Uieda 2005).

The importance of macroinvertebrates to the ecological 
functioning of rivers is explained, among others, for their role 
in food chains. They act as a link between basal resources (algae 
and detritus) and fish (Allan 1995; Hauer & Resh 1996; Carvalho 
& Uieda 2004), and they present species acting in several trophic 
levels. These characteristics allied to high taxonomic diversity 
(number of species) and high difference of susceptibility to 
environmental impacts allow us to use as bioindicators in 
assessing the biotic integrity of aquatic ecosystems 

In this study we aimed to make a description of the 
macroinvertebrate structure community of Rio Mato Grosso, 
comparing four sites with different abiotic characteristics. We 
based our analysis on metrics such as macroinvertabrate density, 
composition, richness and diversity. 

Material and Methods

Study Area. The Rio Mato Grosso sub-basin (22º55’S, 42º35’W) 
has a drainage area of approximately 215 km2 and is located 
within Saquarema basin (Figure 1). 

The area is delimitated by extensive highlands areas of Serra 
do Mar mountain range (Serras do Mato Grosso, Redonda, do 
Tingui, Portelas, Amar e Querer, da Boa Esperança, Castelhana e 
do Palmital) (Borges 2009). 

Rio Mato Grosso drains the northwestern portion of Saquarema 
municipality. The stream main source is situated in the Serra do 
Mato Grosso (about 800 a.s.l.), dewatering in Saquarema lagunar 
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system as a 4th order stream, with a planimetric area of 30 km2. 
There are two main geomorphological compartments: 1) Mato 
Grosso plateau, situated in the stream high course and formed by 
Precambrian crystalline rocks, and 2) Rio Mato Grosso lowland, 
an extensive area formed by quaternary fine-grained sediments 
(sand, mud and clay) derived from river terrace and shoreline 
(Borges 2009).

Figure 1. Map from Rio Mato Grosso, highlighting the collecting 
localities.

The climate is typical tropical hot and humid, with wet summer. 
In all seasons of the year, the temperature is high, with low 
temperature range (about 5°C). Annual rainfall varies between 
750 and 1250 mm, concentrated during the months of October 
throught March (André et al. 2009).

Atlantic Rain Forest can be founded in the plateau of Serra 
do Mato Grosso, although huge portion was damaged due to 
deforestation and other human activities, being replaced by 
pasture lands and young secondary forest. In lowlands of Mato 
Grosso river the vegetation is typical of Restinga, with small 
trees, shrubs and herbaceous plant. Mangroves and ponds are 
found near Lagoa de Saquarema (Borges 2009).

Sampling. One single sampling episode was performed during 
January 2006. Four sites with different degrees of conservation 
were sampled through the river; along a gradient upstream to 
downstream. Sites 1, 2 and 3 are covered by riparian vegetation, 
forming a closed canopy. The river substrate is composed mainly 
by sand, gravel and rocks. Site 4 is located in an urban area, 
without canopy formation, and with substrate composed mainly 
by sand, gravel and few cobles. In order to assess the structural 
variation, a transect was made at every five meters. The following 
environmental parameters were measured at each transect: 

current velocity (m/s, measured by digital flowmeter - Global 
Water FP 1010), stream depth and width (cm, measured with a 
graduate ruler/tape).

In addition, at each study site were registered altitude (m), 
length of sampling site (m), conductivity (µs) and turbidity 
(categorized). Three samples of each substratum type (rock, sand, 
and leaf litter) were collected with a Surber net sampler (0.09 m2 

sampling area, 180 µm mesh net), totalizing 36 samples. Each 
sample was wrapped in a plastic bag and fixed in 80% ethanol. 
In the laboratory, samples were sieved (mesh 180µm), washed 
under running water and then screened. Macroinvertebrates 
were separated from the substrate and identified to family level 
using identification keys and taxonomic descriptions (Lehmkuhl 
1979; Merrit & Cummins 1996; Nieser & Mello 1997; Carvalho 
& Calil 2000; Da Silva et al. 2003; Mello 2003; Olifiers et al. 
2004; Pes et al. 2005; Calor 2007; Passos et al. 2007).

Data analysis. For each site and substratum sample we 
considered: composition by family, macroinvertebrate densities 
(ind/m2), Shannon diversity (H) and Shannon evenness (J) 
(Magurran 2005). Shannon diversity measures the “uncertainty” 
of a taxon selected at random from the community. High diversity 
is associated with high uncertainty and low diversity with low 
uncertainty (Tzilkowski et al. 2009). Shannon eveness is the 
ratio of the observed Shannon diversity to the maximum possible 
diversity, that is, diversity when individuals are distributed as 
evenly as possible among the species (Tzilkowski et al. 2009). 
Rarefaction analysis was applied in order to standardize the 
relationship between number of sampled individuals and species 
richness of each sampling site (Krebs 1989). Student t test was 
carried out to verify differences between site and substrate 
diversities (Zar 1999).

Results

Among all the physical variables, turbidity was the one with highest 
variation, but higher altitude sites were the ones with lower water 
turbidity. The other variables presented small variation among 
sites. The smallest variation of physical parameters was found in 
sites 1 and 2 (Table 1). 

A total of 5.605 individuals were collected, distributed in nine 
orders, 28 insect families and two crustaceous families. The most 
abundant families were: Chironomidae (50.70% of total density), 
Simuliidae (27.03%), and Baetidae (5.41%) (Table 2). 

A decrease in richness, diversity and equitability, was registered 
in the benthic macroinvertebrate community from low altitude 
sites. Density values followed the same spatial pattern, decreasing 
from sites in the upper stretch to sites in the intermediary stretch; 
however, the highest density value was obtained in site 2 because 
one of the substrates sampled presented a greater abundance of 
Simuliidae (Table 3).

Table 1. Physical characterization of the different sampling sites in the Rio Mato Grosso, Saquarema, RJ.
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1 22° 53’ ‘S 42° 39’ W 90 40 5.4 1.53 26 0 1.02 0 low 69.4

2 22° 53’S 42° 39’ W 44 45 5 1.25 36 0 0.84 0 low 59

3 22° 53´ S 42° 38´ W 40 45 5.72 3.35 34 2 0.82 0 mean 73.7

4 22° 52’ S 42° 37’ W 40 50 6.3 4.2 42 0 0.75 0 mean 80.3
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Rarefaction analysis demonstrated a decrease in variance in 
accordance with the increase of the number of individuals for all 
sites, indicating sampling efficiency. Thus, a decreasing pattern 
of species richness was observed between the studied sites along 
Rio Mato Grosso (Figure 2). 

Considering the substrate analysis, litter presented a higher 
diversity, as well as a higher density of individuals in most 
locations except for location 2, where the substrate and sand 
showed greater diversity.

Discussion

Patterns of macroinvertebrate diversity along Rio Mato Grosso 
can be related to the preservation degree of the stream. Bueno 
et al. (2003), when comparing two streams in Atlantic Forest, 
observed that best preserved streams presented a greater 
proportion of stable substrate (litter and rocks). These substrates, 
besides being less vulnerable to physical variations such as 
current velocity, provide a greater number of shelters and food 
availability to macroinvertebrates (Resh & Rosenberg 1984; Allan 

Table 2. Total density and percentage (in brackets) of the benthic macro invertebrate families collected in the Mato Grosso River, Saquarema, RJ. 

CLASS INSECTA Locality 1 Locality 2 Locality 3 Locality 4

COLEOPTERA
Dryopidae 1.23 (0.06)
Elmidae 188.89 (8.66) 132.09 (5.33) 45.67 (3.23) 41.66 (3.75)
Hydraenidae 1.23 (0.06)

DIPTERA
Nematocera não ident. 1.23 (0.06)
Ceratopogonidae 1.23 (0.05)
Chironomidae 837.04 (38.40) 746.91 (30.14) 1004.92 (71.02) 918.04 (82.73)
Simuliidae 574.07 (26.33) 1371.60 (55.35) 13.58 (0.96) 2.77 (0.25)
Tipulidae 1.23 (0.06)
Empididae 12.35 (0.57) 7.40 (0.30)
Phoridae 1.23 (0.06) 1.23 (0.05)

EPHEMEROPTERA
Baetidae 33.33 (1.53) 32.09 (1.30) 219.75 (15.53) 61.11 (5.51)
Leptohyphidae 48.15 (2.21) 49.32 (1.99) 4.93 (0.35)
Leptophlebiidae 80.25 (3.68) 51.85 (2.09) 123.45 (8.72) 44.44 (4.01)

HEMIPTERA
Gerridae 7.40 (0.30)
Veliidae 1.26 (5.78) 2.47 (0.10) 1.23 (0.09)

LEPIDOPTERA
Pyralidae 3.70 (0.17) 2.47 (0.10) 1.23 (0.09)

ODONATA
Calopterygidae 11.11 (0.51) 12.34 (0.87) 1.38 (0.13)
Megapodagrionidae 2.47 (0.11) 3.70 (0.26)
Gomphidae 3.70 (0.17) 7.40 (0.30)
Libellulidae 8.64 (0.35) 3.70 (0.26)

PLECOPTERA
Grypopterigidae 8.64 (0.40) 2.47 (0.10)
Perlidae 3.70 (0.17)

TRICHOPTERA
Anomalopsychidae 4.94 (0.23)
Calamoceratidae 2.47 (0.11)
Hydroptilidae 9.88 (0.45) 7.40 (0.30) 9.87 (0.70)
Hydropsychidae 214.81 (9.85) 32.10 (1.30) 6.17 (0.44) 22.22 (2.00)
Leptoceridae 1.23 (0.06) 2.47 (0.10)
Philopotamidae 11.11 (0.51) 9.89 (0.40)
Class Malacostraca

DECAPODA
Trichodactylidae

Trichodactylus fluviatilis 1.38 (0.13)
Palaemonidae

Macrobrachium potiuna 11.11 (1.00)
Macrobrachium olfersii 2.77 (0.25)

Total de indivíduos (5.605) 2059.25 (100) 2476.43 (100) 1450.54 (100) 1106.88 (100)
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Table 3. Individuals density, diversity (Shannon) and equitability index of the sampling sites of Mato Grosso River, Saquarema, RJ.

Locality Richness Density Shannon Equitability J

1 26 2183.95 1.90 0.58

2 20 2477.78 1.26 0.42

3 14 1450.82 1.12 0.42
4 12 1109.72 0.90 0.36

Figure 2. Rarefaction data (expected richness of species and variance) for sampling sites of Rio Mato Grosso, Saquarema – RJ. Where A = Site 1, B = 
site 2, C = site 3 and D = site 4.

Table 4. Richness, density of individuals, diversity index and Shannon equitability, calculated according to substrates (sand, litter and rocky) of the 
Rio Mato Grosso, Saquarema, RJ.

Richness Density Shannon Equitability J
Locality 1

Sand 10 351.85 1.50 0.65

Litter 21 4425.93 2.23 0.73

Stone 15 1392.59 2.13 0.78

Locality 2
Sand 9 118.52 1.42 0.64

Litter 17 4577.78 1.35 0.47

Stone 11 376 1.47 0.61

Locality 3
Sand 3 159.26 0.74 0.68

Litter 13 3888.89 1.57 0.61

Stone 5 300 1.34 0.83

Locality 4
Sand 7 192.59 1.13 0.58

Litter 7 2622.22 1.48 0.76
Stone 5 92.59 0.76 0.47

A B

C D
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1995; Kikuchi & Uieda 1998).

The high diversity found in localities one and two (upstream 
sites) can be associated to physical factors such as: preserved tree 
cover, moderate current, low depth and high levels of organic 
matter (Bueno et al. 2003; Carvalho & Uieda 2004). Localities 
three and four show low diversity; this result can be related to 
high depth, current and water turbidity. At the Mato Grosso 
stream, part of the physical alterations that occur in the lower 
portion can be attributed to anthropogenic actions caused by the 
transformation of the marginal area into pasture sites and by the 
removal of sand from the river bed. 

Second-order stream stretches are associated to a high diversity 
of benthic macroinvertebrates (e.g. Stout & Vandermeer 1975; 
Vinson & Hawkins 1998). However, according to Baptista et al. 
(2001) the increase in the taxonomic resolution may change 
this diversity pattern. In agreement with the River Continuum 
Concept (Vannote et al. 1980), the medium river stretches (3rd and 
4th orders) are the most diverse ones. This pattern was founded in 
Rio Macaé basin by Baptista et al. (2001). On the other hand, this 
pattern was not founded in Rio Mato Grosso. The diversity values 
were lower in the less preserved sites. According to Matthaei 
et al. (2006) and Urban et al. (2006) there is a reduction in 
macroinvertebrate diversity in urban areas and/or in sites next 
to cattle and agricultural activities. 

Reduction of the environmental structural heterogeneity is 
associated with quantity and quality of available substrate 
for macroinvertebrate colonization (Allan 1995). The nature 
of substrate can be a limiting factor when considering fauna 
composition and distribution (Bueno et al. 2003). Distribution 
of some groups such as Trichoptera and Coleoptera (Elmidae) 
can be related to the quality of organic substrate (Huamantinco 
& Nessimian 1999; Passos et al. 2003). Litter and rock substrates 
were the ones with higher values of macroinvertebrate density 
and diversity, while sand substrate presented the lower ones, 
corroborating other studies conducted in Atlantic Forest streams 
(e.g. Baptista et al. 2001; Kikuchi & Uieda 2005).

According to Sanseverino et al. (1998) most aquatic insects can 
be found living in more than one substrate, with some insects 
demonstrating preference for certain types of substrates 
2002). In the four localities sampled at the Mato Grosso river, 
the predominant taxon observed was Chironomidae, in both 
abundance and density, a result which was also observed 
by Gonçalves & Aranha (2004); Ribeiro & Uieda (2005) in 
other water bodies, reinforcing the great importance of these 
Diptera in benthonic community structure. We conclude that 
richness, diversity, equitability and density values of benthic 
macroinvertebrates of Rio Mato Grosso varied according to 
environmental changes, and also due to reduction of substrate 
availability such as litter and rocks. 
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