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Abiotic and environmental variables are very important
to the ecology of aquatic insects. They directly affect the toler-
ance limits of organisms and consequently the distributional
range of species (DEATH & WINTERBOURN 1995). Along with envi-
ronmental variables, biotic interactions (such as predator-prey
interactions, competition for food resources and habitats, and
parasitism) are also important in shaping a species’ ecological
niche (PALMER 1999, COLLIER 2008, SCHMIDT et al. 2009).

Geological characteristics and the presence of riparian
vegetation, among other factors, determine the physical-chemi-
cal variables and water flow in aquatic environments. They
may also determine the physical structure of the river channel,
its substrate type, frequency and intensity of disturbance (e.g.
flood pulse), habitat heterogeneity, biotic interactions and the
sources of energy input that become available as food. There-
fore, they are important determinants of macroinvertebrate
diversity and community structure in lotic aquatic environ-

ments (REICE 1980, VANNOTE et al. 1980, TOWNSEND et al. 1997,
FINCKE 1999, CHESSON 2000, MCCABE & GOTELLI 2000).

Human activities can also affect some physical-chemical
features of aquatic environments (e.g. hydrological characteris-
tics, water quality). Among the most common anthropogenic
impacts on these environments are: soil erosion and removal of
the river channel’s substrate, changes in the water drainage and
river margin structure, construction of dams and reservoirs, in-
put of wastes from agriculture and cattle rearing, and release of
sewage (WATSON et al. 1982, TUNDISI et al. 1988, DELACERDA et al.
1991, BHARDWAJ & TYAGI 1993, PINTO-COELHO 1998, MCCLAIN &
ELSENBEER 2001, GALINDO-LEAL & CÂMARA 2003, DAVIDSON et al. 2004).
Additionally, the removal of riparian vegetation may also have
a negative effect on the input of organic matter, a primary en-
ergy source in aquatic systems (DELONG & BRUSVEN 1994, POZO et
al. 1997). These activities are causing rapid and significant de-
clines in habitats and freshwater species (DUDGEON et al. 2006).
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ABSTRACT. This work aimed to assess the effect of certain physical-chemical variables and the Habitat Integrity Index

(HII) have on an aquatic and semi-aquatic heteropteran community. We collected in five streams (from 1st to 4th order)

that differed in habitat integrity, in order to test 1) whether heteropteran richness decreases with the Habitat Integrity

Index; and 2) whether richness responds to alterations in water physical-chemical variables, since these influence com-

munity structure. In each stream, linear transects of 100 m were demarcated. A total of 1425 specimens from 10

families, 30 genera and 67 morphospecies were collected. Species richness was correlated with the Habitat Integrity

Index (HII), showing a positive relationship only for Gerromorpha. This may be due to the fact that streams with greater

integrity offer nearby marginal vegetation where prey and shelter can be easily found, representing optimal places for

oviposition and hunting. Species adapted to such conditions are more sensitive to alterations in the physical structure of

rivers. Significant differences in the composition of Heteroptera and studied infra-orders were also observed, which

suggests that the anthropic disturbances over these sites have changed these insect communities. Our results indicate

that the alteration in riparian areas can lead to significant changes in Heteroptera composition, even though species

richness was not affected. The physical-chemical variables showed no influence on the distribution of species. This result

suggests that the environment presented insufficient variation that could cause changes in the investigated community,

which implies that factors other than those analyzed here may explain such variation. Three species Rhagovelia trailli

(White, 1879), Rhagovelia sp. 4 and Tenagobia incerta (Lundblad, 1928) were considered to be indicators of pristine

sites. The results indicate that aquatic and semi-aquatic Heteroptera and more specifically the sub-order Gerromorpha

can be an important tool to assess environmental habitat integrity and enhance conservation actions of riparian forests.
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Environmental alterations may affect community struc-
ture, particularly of sensitive species which can become more
or less abundant or disappear in the presence of disturbances.
Such species are known as bioindicators (NIEMI & MCDONALD

2004, BONADA et al. 2006,MCGEOCH & CHOWN 1998).
Monitoring aquatic ecosystems is a very difficult task

because they are highly complex and are the result of interac-
tions between physical, chemical and biological variables (SMITH

et al. 2007). However, organisms living in affected areas may
be good indicators of river quality and the overall ecological
integrity of the environments where they occur (WRIGHT & CEN-
TER 1984, ROSENBERG & RESH 1993, METCALF-SMITH 1994, KARR 1999,
SMITH et al. 1999). Monitoring such organisms may help in
making management decisions in impacted areas.

Macroinvertebrates (especially aquatic insects) are widely
used as bioindicators because they have limited ability to mi-
grate and are highly susceptible to environmental impacts (HILTY

& MERENLENDER 2000, OERTLI et al. 2008). One group of aquatic
macroinvertebrates are the Heteroptera (Hemiptera). Species
in this diverse insect suborder occupy a broad spectrum of
aquatic habitats, have a multitude of shapes, and are adapted
to a broad variety of niches (SPENCER & ANDERSEN 1994). Aquatic
Heteroptera are classified under the infra-order Nepomorpha
(benthic or nektonic), whereas semi-aquatic species represent
the infra-order Gerromorpha (pleustonic) (NIESER & MELO 1997,
KARAOUZAS & GRITZALIS 2006).

Aquatic Heteroptera require specific habitats, being vul-
nerable to the loss of physical integrity of aquatic systems.
Consequently, heteropteran diversity often correlates with the
physical integrity of the environment. In addition to their vul-
nerability, some features of these insects allow them to be used
as bioindicators. One example is Water striders, relatively long-
lived, predatory invertebrates that feed on aquatic and terres-
trial insects (PENNAK 1978). They meet much of the criteria out-
lined by (BEEBY 2001) for an appropriate sentinel (accumulator)
species. Each generation can survive up to one year (MERRITT &
CUMMINS 1996), and their wingless forms have low mobility
(WILCOX & DISTEFANO 1991).

In this study we test the following hypotheses:
Heteroptera species richness 1) decreases in direct proportion
to the integrity index of the environment; 2) responds to alter-
ations in physical-chemical variables of the water, since these
influence community structure.

MATERIAL AND METHODS

Aquatic and semi-aquatic Heteroptera were sampled dur-
ing the rainy season, in the Pindaíba river basin, a tributary of
the Rio das Mortes river. The Pindaíba river basin is located in
eastern Mato Grosso state and extends for about 10,323 km2,
comprising part of the Araguaiana, Barra do Garças, Cocalinho
and Nova Xavantina regions.

The local weather is classified as Cwa, in accordance with

the Köppen’s classification, with two well-defined seasons: a
dry season (May through September) and a rainy season (De-
cember through March). The annual precipitation averages from
1200-1600 mm, and temperatures range from 20-25°C. Sep-
tember and October as the warmest months (BRASIL 1981).

Within the Pindaíba river basin, five streams were selected
for sampling. Stream selection was carried out using satellite
images of six streams, and taking the condition of the riparian
vegetation into consideration. Sampling sites were as follows:
Da Mata (MS, preserved value HII above 0.70), Caveira (CVS,
value degraded HII down 0.70), Taquaral (TS, preserved),
Cachoeirinha (CS, degraded) and Papagaio (PS, preserved), all
tributaries along the left margin of the Pindaíba river (Fig. 1).
Their characteristics and stream orders – 1st and 4th classifica-
tion proposed by STRAHLER (1957) – are very similar to those
found in the headwaters and in the Roncador ridge. The ripar-
ian vegetation from MS, TS and PS are more preserved than
that found in CS and CVS, offering contrasting environments
for analysis. A general description of sample sites characteris-
tics, including estimated habitat integrity (explained bellow),
is presented in Appendix 1.

In each sample site, linear transects of 100 m were de-
marcated and defined as the basic sampling unit for all statisti-
cal analyses. Samples were collected on every five meters com-
prising 20 points in each one of the orders of the streams. This
general design was adapted from previous studies (FERREIRA-
PERUQUETTI & DE MARCO 2002, FERREIRA-PERUQUETTI & FONSECA-
GESSNER 2003). Each sample was made of three sub-samples col-
lected from the center to the margin of the body of water, us-
ing a 18 cm strainer with 0.50 mm mesh, followed by a surface
sampling using capture active of the same sampling method
above, but supported by in loco observation.

We evaluated anthropic alterations around each site us-
ing a Habitat Integrity Index (HII), a protocol composed of 12
questions that attempt to evaluate the structure of the bodies
of water in terms of conservation of the riverine vegetation,
pattern of land-use beyond that site, retention devices, sub-
strate type, aquatic vegetation and debris. The HII varies from
0 (highly altered systems) to 1 (pristine not altered habitats). A
detailed description of the protocol can be found in NESSIMIAN

et al. (2008)
Stream width was obtained with the aid of a laser mea-

suring tape, depth was assessed through an echobatimeter, water
temperature was measured with a digital thermometer with
precision of 0.05°C, and the remaining abiotic data (pH, tur-
bidity, dissolved oxygen, conductivity, total solids) were assessed
with a Horiba® Multiparameter Water Quality Meter; flow was
measured with a MJP Geopacks Infiltrometer in accordance with
the PINTO & HOLTZ (1976) method. Laboratory analyses focused
on total hardness, calcium and magnesium assessment through
the EDTA titulometry method (disodium salt 0.002 mol L-1), as
well as ortho-phosphate and nitrate concentrations by means
of a spectrophotometer.
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Heteroptera samples were kept in 85% alcohol solution
and were identified with the help of available taxonomic keys
(HUNGERFORD 1933, LAUCK 1962, DE CARLO 1964, NIESER & MELO

1997, NIESER et al. 1999, ESTÉVEZ & POLHEMUS 2001, GOODWYN 2001,
RIBEIRO 2005, 2007). The samples were deposited at the James
Alexander Ratter Zoobotanical Collection at UNEMAT, at the
Nova Xavantina campus (CZNX).

Considering that observed species richness is almost al-

ways a biased estimation of the total number of species present
in a community, the richness measure used here was based on
a non-parametric estimator, the first-order jackknife (HELTSHE

& FORRESTER 1983). The 20 segments in each stream should not
be considered statistically independent, but may be used as
appropriate units to estimate species richness in each stream
(SILVA et al. 2010) using the jackknife procedure with the help
of the software EstimateS Win 7 5.0 (COLWELL 2000).

Figure 1. Study sites location in the Basin Pindaíba River, Mato Grosso, Brazil.
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Relationships between richness of species and HII were
tested using simple linear regression. The t Student test was
used to compare the estimated abundance of each species and
species richness with stream preservation, according to ZAR

(1999). Streams were ranked as preserved or degraded accord-
ing to the presence or absence of riparian vegetation in the
satellite images of the basin. The state of stream conservation
was,validated during sampling. Due to substantial differences
in the habits of Nepomorpha (benthic or nektonic) and
Gerromorpha (pleustonic), the statistical analysis was con-
ducted separately for these two infra-orders.

Subsequently, multiple regressions were used to exam-
ine the relationship between species richness and certain the
physical-chemical variables. Before analyses, all data, except
pH, were log transformed to stabilize the variance, and were
used in the correlation matrix among the explanatory vari-
ables. The variables nitrite, phosphate, calcium and magne-
sium were excluded from the analyses because they have a cor-
relation equal to or greater than seven (r > or = 0.7) with an-
other variable used.

We used the ANOSIM analysis (Bi-factorial Similarity
Analysis) to test for differences in species composition in the
preserved and degraded areas. This test is applied in order to
detect differences in species structure across areas (MELO & HEPP

2008). The Canonical Correlation Analysis (CCA) was employed
to verify relationships between environmental characteristics and
species distribution. This analysis ranks sample units using the
smallest possible number of axes, enabling the calculation of
variable scores which may belong to the same graphic represen-
tation. The scores from these sites are obtained with the aim of
maximizing species dispersion scores (BINI 2004, KARAOUZAS &
GRITZALIS 2006). The significance value was obtained through the
Monte Carlo randomization test using 10,000 randomizations.

In order to verify the presence of species that might be
indicative of environmental quality, we used the Indicator Value
(IndVal,), which measures the level of specificity (occurrence
of the species related with a specific variable) and the level of
fidelity of species (every time the variable occurs, the species
will be present) to an environmental category. By multiplying
these two values by 100, we generated an index ranging from 0
to 100 (the higher the value, the more significant the level of
species indication – only the ones over 40% were considered),
and the significance value was obtained through the Monte
Carlo randomization test using 10,000 randomizations (DUFRÊNE

& LEGENDRE 1997).

RESULTS

A total of 1,425 individuals distributed into 10 families,
30 genera and 67 morphospecies were collected. Of these, 880
individuals belonged in the Gerromorpha (62%), which was
represented by four families, 16 genera, and 29 morphospecies/
species. The Nepomorpha was represented by 545 specimens
(38%), six families, 14 genera, and 38 morphospecies/species

(Tab. I). The dominance of Gerromorpha in our samples may
be the result of a sampling bias: as a water surface-dwelling
and gregarious group, they are easily observed, increasing their
presence in the samples.

Gerromorpha was represented by the families Gerridae
(number of individuals, n = 224), Hydrometridae (n = 12),
Mesoveliidae (n = 3), and Veliidae (n = 640); whereas Nepomorpha
was represented by Belostomatidae (n = 16), Corixidae (n = 11),
Gelastocoridae (n = 15), Naucoridae (n = 224), Nepidae (n = 19),
and Notonectidae (n = 261).

Abundance and species composition in preserved
and degraded areas

Total abundance was higher in preserved streams (MS
HII (0,87 ± 0,06) (mean ± standards deviation), TS (0,79 ± 0,16)
and PS (0,79 ± 0,08)) than in degraded ones (CS (0,67 ± 0,05)
and CVS (0,59 ± 0,06), with a total of 43 more individuals in
the former (t-value = 2.314, Df = 36, p = 0.026). Based on esti-
mated species richness, altered areas had nine species less than
preserved areas. This difference was statistically significant (t-
value = 2.49, Df = 18, p = 0.022).

Species composition also proved to be different between
degraded and preserved areas (ANOSIM R = 0.307, p = 0.004).
The same result was observed when the analysis was carried out
after separating the infra-orders Gerromorpha (ANOSIM R = 0.309,
p = 0.002) and Nepomorpha (ANOSIM R = 0.224, p = 0.012).

Physical-chemical variables and HII on the
Heteroptera community

Species richness was related with the Habitat Integrity
Index (HII), showing a positive relationship for Gerromorpha
(r2 = 0.23, p = 0.03) (Fig. 2), but not for Nepomorpha (r2 = 0.06,
p = 0.304) or Heteroptera overall (r2 = 0.138, p = 0.105).
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Figure 2. Relationship between the estimated richness of
Gerromorpha morphospecies and the Habitat Integrity Index (HII),
Pindaíba River Basin, Mato Grosso, 2008.
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Table I. Nepomorpha and Gerromorpha abundance, based on samples carried out in the Pindaíba River Basin, Mato Grosso, 2008. (CS)
Cachoeirinha Stream, (CVS) Caveira Stream, (MS) Da Mata Stream, (PS) Papagaio Stream, (TS) Taquaral Stream.

 Species

Sites

TotalDegraded Preserved

CS CVS MS PS TS

Nepomorpha       

Belostomatidade

Belostoma bifoveolatum (Spinola, 1852) 0 1 0 1 0 2

B. costalimai (De Carlo, 1938) 1 0 0 0 0 1

B. foveolatum (Mayr, 1863) 0 0 1 0 0 1

B. ribeiroi (De Carlo, 1933) 0 0 3 1 1 5

Belostoma sp. 1 2 0 0 0 2 4

Belostoma sp. 2 0 0 0 0 2 2

Belostoma sp. 3 0 0 0 0 1 1

Corixidae

Tenagobia incerta Lundblad, 1928 1 0 0 8 2  11

Gelastocoridae

Gelastocoris flavus flavus (Guérim-Méneville, 1835) 0 0 1 6 0 7

Gelastocoris sp. 2 0 0 0 0 2 2

Montandonius sp. 1 0 0 0 4 2 6

Naucoridae

Ambrysus sp. 1 3 5  13 6 4  31

Ambrysus sp. 2 0 1 4 8 2  15

Ambrysus sp. 3 4 0 3 8  18  33

Ambrysus sp. 4 0 0 1 0 1 2

Cryphocricos cf. vianai De Carlo, 1951 0 0 1 0 0 1

Limnocoris sp. 1 0 6 9 0 0  15

Limnocoris maculiceps Montandon, 1898 1 3  30 1 7  42

Limnocoris illiesi De Carlo,1967 6 0 8 1 3  18

Limnocoris sp. 4 0 0 0 4 0 4

Limnocoris sp. 5 7 3  10 6  29  55

Limnocoris sp. 6 0 0 0 1 0 1

Limnocoris sp. 7 0 0 1 0 0 1

Limnocoris sp. 8 0 0 0 0 1 1

Pelocoris sp. 1 0 0 1 2 0 3

Placomerus sp. 1 1 0 0 0 1 2

Nepidae       

Curicta sp. 1 0 1 0 0 1 2

Curicta sp. 2 1 1 0 0 0 2

Ranatra sattleri (De Carlo, 1967) 0 0 1 0 0 1

Ranatra sp. 1 1 0 1 0 0 2

Ranatra sp. 2 1 0 0 0 1 2

Ranatra sp. 3 4 1 0 2 1 8

Ranatra sp. 4 1 0 1 0 0 2

Continue
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Table I. Continued.

 Species

Sites

TotalDegraded Preserved

CS CVS MS PS TS

Notonectidae

Buenoa sp. 1  23 0 0 0 2  25

Martarega sp. 1  28  19  11  12  17  87

Martarega sp. 2 0 0  115  13 9  137

Martarega sp. 3 1 0 0 0 0 1

Notonecta sp. 1  11 0 0 0 0  11

Gerromorpha

Gerridae

Brachymetra sp. 1 5 0  16  22  23  66

Brachymetra sp. 2 0 0 7 8  11  26

Charmatrometra sp. 1 1 4  11 4 0  20

Cylindrostethus sp. 1 0 0 1 2 2 5

Cylindrostethus sp. 2 0 0 0 2 0 2

Limnogonus sp. 1 5 0 0 1 0 6

Limnogonus sp. 2 6 0 0 0 0 6

Neogerris sp. 1 0 0 0 1 0 1

Neogerris sp. 2  21 0 2 1 0  25

Neogerris sp. 3 3 0 0 0 0 3

Ovametra sp. 1 8  15 3 4 1  31

Tachygerris sp. 1 1 0 0 0  14  15

Trepobates sp. 1 4 0  11 1 2  18

Hydrometridae

Hydrometra argentina Berg, 1879 9 0 0 0 0 9

Hydrometra sp. 1 2 0 0 0 1 3

Mesoveliidae

Mesovelia sp. 1 1 0 1 0 1 3

Veliidae

Euvelia sp. 1 0 3 0 0 0 3

Microvelia sp. 1 6 4 0 0 4  14

Paravelia sp. 1 0 2 2 0 0 4

Platyvelia sp. 1 1 1 1 0 0 3

Rhagovelia sp. 1 4 0 8  45 2  59

Rhagovelia sp. 2 2 0 4 8 2  16

Rhagovelia trailli (White, 1879) 2 0  93  115  18  228

Rhagovelia sp. 4 0 0 0 7 2 9

Rhagovelia sp. 5  24  22  112  32  64  254

Rhagovelia sp. 6 0 0 9 3 4  16

Stridulivelia sp. 1  19 0 4 3 1  27

Stridulivelia sp. 4 0 0 0 1 0 1

Stridulivelia sp. 5 0 0 0 0 1 1

Total of individuals       1425

Taxa total  37  16   35  35  39  
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Water physical-chemical variables (Appendix 2) showed
no effect on the heteropteran community (r2 = 0.472, p = 0.925)
(Tab. II). The same was observed for Gerromorpha (r2 = 0.378,
p = 0.255) and Nepomorpha (r2 = 0.105, p = 0.464) (Tab. II).

Based on 10,000 randomizations of Monte Carlo test, there
was no significant association between the environmental vari-
ables and species distribution (eingenvalue of first canonical axis
= 0.717, p = 0.140) (Tab. III). Although correlations between the
two matrixes were significantly high (Tab. IV), none has shown
substantial relationship with each other (Tab. IV).

In accordance with the results of the IndVal analysis, three
species out of 78 morphospecies are indicative of preserved ar-
eas: Rhagovelia trailli (White, 1879) (mean ± standard deviation)
(26.2 ± 5.87, p = 0.006), and morphospecies Rhagovelia sp.4 (24.5
± 5.80, p = 0.007) (Gerromorpha: Veliidae) and Tenagobia incerta
Lundblad, 1928 (27.5 ± 6.33, p = 0.021) (Nepomorpha:
Corixidae). For degraded areas, some species had significant val-
ues (p < 0.05), but with IndVal lower than 40% they were not
taken into account due to their low recurrence in the sites.

DISCUSSION

Influence of Habitat Integrity Index on the
Heteroptera fauna

We have not found any relationship between the values
of the HII for the Heteroptera community and the environ-
mental variables measured. However, we believe that the analy-
ses conducted taking all Heteroptera into consideration have
revealed no clear pattern and provide no revelant information
because this group is composed of two infra-orders that have
highly distinctive ecological requirements. According to the
observations of KARAOUZAS & GRITZALIS (2006), heteropteran fami-
lies differ considerably in morphology and ecological prefer-
ences from one another and many species display specific habi-
tat preferences (Corixidae) (SAVAGE 1994). In rivers, heterop-
terans are found along the margins of shallow water (Corixidae)
(MACAN 1938, 1954), on the water surface of lentic (pool)
(Gerridae and Veliidae) and lotic (riffle) stream zones (some
Veliidae), and among aquatic vegetation (Notonectidae,
Nepidae and Naucoridae). They may also be found under rocks
in fast waters (some Naucoridae). These differences in ecologi-
cal requirements may have confused or masked the effects of
environmental integrity on species richness for the order.

Nepomorphan richness showed no response to environ-
mental alterations as measured by the HII. Changes in envi-
ronment are frequent, especially those caused by natural sea-
sonal variations. They increase the typical flow of the Cerrado
rivers, which is associated with group plasticity, causing an
intermediate disturbance response such as the one predicted
by CONNELL (1978). Furthermore, communities are also subject
to local processes, which may determine whether or not spe-
cies are fit to settle and keep their population once they have
found a habitat (MCCAULEY 2006). Ta
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Nevertheless, the HII has shown a mild, yet positive rela-
tionship with the estimated richness of Gerromorpha species.
The shady nature of the sampled sites has rendered more shel-
ters, and increased the supply of food, resulting in higher habitat
heterogeneity, which leads to higher species richness. This re-
lationship is observed with most species of the infra-order which
favor shady sites with nearby marginal vegetation, where they
can find prey and shelter and lay their eggs (NIESER & MELO

1997). Such behavior makes these species more sensitive to al-
terations in the physical structure of rivers.

The Habitat Integrity Index (NESSIMIAN et al. 2008) was a
major tool for the assessment of the structure of the streams
studied. However, because it was developed specifically for
Amazonian streams, it had to be adjusted to be used in Cerrado
streams. These adjustments included adapting patterns and
including new parameters (such as incidence of light), to bet-
ter fit and respond to observed alterations. Nevertheless, we
must take into consideration that while some insects can tol-
erate environmental conditions that would be lethal to other
invertebrate species, others show less tolerance (KARAOUZAS &
GRITZALIS 2006). For example, some Corixidae species were found
in acidic (pH < 3) mining lakes of Lusatia, Germany, (WOLLMANN

2000), whereas the quality of the environment (i.e. water pol-
lution and hydromorphological degradation) influences the
successful colonization and populations of the water strider
Aquarius najas (De Geer, 1773) (AHLROTH et al. 2003).

Species abundance and composition in
preserved and degraded areas

In a complementary analysis carried out in sampling sites
in bodies of water which had undergone straightening, dam-
ming (CVS), and/or loss of riparian vegetation (CVS and CS) in
the 70’s due to agricultural colonization (BRANNSTROM 2008), a
significant loss in morphospecies abundance and richness was
observed. Significant differences in the composition of
Heteroptera and other studied infra-orders were also observed,
which suggests that anthropic disturbances in these sites have
changed their insect communities, especially in the CVS, where
the impact on the river flow has been significantly more in-
tense. Several authors have correlated the influence of the pres-
ence of plant coverage with the structure of the macro-
invertebrate community (KIKUCHI & UIEDA 2005, COUCEIRO et al.
2007), as well as the changes in structure caused by straighten-

ing and damming (HOUGHTON 2004).
The greater species richness in heterogeneous areas (vari-

ance of biotic and abiotic factors over space) is due to the greater
amount of resources and habitat availability within these ar-
eas. Species become more diverse with increasing environmen-
tal heterogeneity, resulting in increased niche partitioning,
which optimizes specialization and decreases the effects of in-
ter-specific competition (O’CONNOR 1991, CRAMER & WILLIG

2005). Because species adjust to certain environmental condi-
tions, disturbances decrease the richness of several specialist
groups, modifying species distribution and abundance, which
can ultimately lead to changes in the ecological processes of
the system (RESH et al. 1988, COVICH et al. 1999). Under condi-
tions of intermediate perturbation, species diversity is maxi-
mum because a variety of taxa can tolerate the conditions, but
none can completely dominate the community (DEATH &
WINTERBOURN 1995). On the other hand, NAIMAN et al. (1988)
developed a derived general model that predicts that
biodiversity is constrained at low levels of ecotone frequency
because large homogeneous patches provide little habitat for
edge species. At high ecotone frequencies, substantial edge
habitat is provided, but small patch sizes exclude interior spe-
cies. Maximum biodiversity occurs where there is an optimal
mix of patch and edge habitats (WARD et al 1999).

At the same time, our results suggest that the alteration in
riparian areas can lead to significant changes in Heteroptera com-
munity composition even though species richness was not af-
fected. This can be explained using the subsidy-stress model of
ODUM et al. (1979) that describes the ecological changes that oc-
cur when a tree canopy is removed from the banks of small na-
tive forest streams. Macroinvertebrate biomass and production
increase and diversity is not adversely affected, or may increase
only initially, reflecting a mix of sensitive and more tolerant
taxa that colonize the area. Once deforestation in the catchments
exceeds some critical threshold these measures start to decline
well below those in forest streams (DEATH & COLLIER 2009).

Species environment relationships
The Canonical Correlation Analysis used to assess spe-

cies correlation with environmental characteristics, as well as
the result of multiple regressions showed no relationship be-
tween the matrix studied and the species community, failing
to corroborate the hypothesis that richness responds to changes

Table III. Self-values (eingenvalue) of the Canonical Corres-
pondence Analysis (CCA) of the matrix of environmental
characteristics in respect to species distribution, and significance
level obtained through the Monte Carlo test.

Axes Eingenvalue Mean Minimum Maximum p

1 0.717 0.873 0.514 8.702 0.140

2 0.621 0.529 0.412 0.666 0.040

3 0.593 0.468 0.376 0.602 0.020

Table IV. Species correlation with the matrix of environmental
variables in the Canonical Correspondence Analysis with the
significance level obtained through the Monte Carlo test. (spp-
envt Corr) Species correlation with environmental variables.

Axis spp-envt Corr Mean Minimum Maximum p

1 0.972 0.922 0.873 0.999 0.730

2 0.983 0.986 0.916 1.000 0.740

3 0.983 0.981 0.981 0.999 0.630
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in chemical variables of the water. Such a result leads us to
believe that there were insufficient alterations in the environ-
ment to cause changes in the community investigated. This
suggests that factors other than those analyzed here may be
responsible for such variation. It may also indicate that the
space and interactions between organisms may be responsible
for the structuring of the community.

The prevalence of livestock in the vicinity of the investi-
gated areas may have contributed to the presence of tolerable
ionic patterns found at the sites, since there is extensive live-
stock production in these areas. As far as chemical patterns are
concerned, the conversion of native forests into pastures is rela-
tively less disturbing to the aquatic environment than planta-
tion areas, since most pasture areas are not subjected to
composting or pesticide utilization (FERREIRA & CASATTI 2006),
which was verified in the areas studied.

Consideration should also be given to the fact that the
insects may be adjusted to broad variations in physical-chemi-
cal parameters, since the Cerrado streams experience prolonged
dry and rainy seasons, with several natural disturbances occur-
ring in the rainy season (multiple pulses of rapid flooding),
which change these parameters.

Species indicative of preserved and degraded areas
Ecologists studying Heteroptera have long tried to use

freshwater insects for biomonitoring and classification pur-
poses. Prior to the development of monitoring models, many
studies were conducted to ascertain whether there is an asso-
ciation between insect species and environmental parameters
(KARAOUZAS & GRITZALIS 2006). In our data, the Index of Indica-
tor Species (IndVal) indicates that Rhagovellia trailli, Rhagovellia
sp.4 and T. incerta are specific and recurrent in preserved sites.
The first two species belong to Veliidae (Gerromorpha), known
to inhabit shady sites, can be found both in running and stag-
nant water (ROLDÁN-PÉREZ 1988). UIEDA & GAJARDO (1996) when
verifying the composition of periphytic macroinvertebrates in
a stream in the state of São Paulo, found individuals of Veliidae
in lake portions of the stream, in areas enclosed by riparian
vegetation or well-shaded by marginal riverine vegetation.

Species of Tenagobia Bergroth, 1899 (Nepomorpha:
Corixidae), are known to inhabit sites where vegetation is
present, and are found in shallow places with low current (NIESER

& MELO 1997, ROLDÁN-PÉREZ 1988). According to the IndVal, one
species of this genus was more sensitive to environmental
changes than other species collected. This indicates that broader
studies are required on their trophic and behavioral relation-
ships. Land use/cover, aquatic and riparian vegetation, stream
size and water chemistry were the most important factors struc-
turing heteropteran assemblages (KARAOUZAS & GRITZALIS 2006).

On average, our results corroborate the findings of sev-
eral other authors who have stated that macroinvertebrates are
more useful as indicators of environmental quality in water
bodies (YODER & RANKIN 1998, CAPÍTULO et al. 2001, HOUGHTON

2004, SHARTAU et al. 2008, ARIMORO & IKOMI 2009, TESTI et al. 2009)

than physical-chemical parameters. Additionally, our results
clearly point to the need to conduct more studies, giving spe-
cial attention to the behavior, as well as the inter-specific rela-
tionships among this group.

Based on our results, we conclude that the Habitat Integ-
rity Index (HII) showed a positive relationship with gerro-
morphan richness, but not with the richness of Nepomorpha
and the heteropteran community as a whole. Therefore, our
results have failed to corroborate the hypothesis that
heteropteran richness decreases with decreasing HII values.
However, it is crucial to highlight that a significant loss of spe-
cies richness was found in the Heteroptera and in the two in-
cluded infra-orders (when analyzed separately) in the degraded
areas when the analysis was based on the environmental qual-
ity of the streams and not on the sampling sites, showing that
the HII must be adjusted in order to be informative for the
Cerrado streams.

The preference heteropterans have for small streams sug-
gests the existence of microhabitat heterogeneity along them,
which may be sufficient to maintain species richness in these
areas. The hypothesis that richness would correlate with
changes in physical-chemical variables not was corroborated.
Future monitoring of Heteroptera in other basins would ben-
efit from a separate analysis of infra-orders, since they respond
distinctively to both physical-chemical parameters and the HII.

ACKNOWLEDGMENTS

We would like to thank José R.I. Ribeiro (UNIPAMPA) for
confirming and reviewing species identification, and his effort
and attention; Lourivaldo A. de Castro for his fieldwork sup-
port; Ully M.P. Costa, Laboratory of Waters, for her limnologi-
cal analyses; the staff at the Entomology Laboratory at
UNEMAT; Amintas N. Rossete, for providing us with most of
the data on the Basin and her staff at the LANA – Laboratory of
Environmental Analysis, who devised the map of the sampling
areas; Frederico F. Salles and Fábio M.V. de Carvalho, Daniel
S.Paiva for manuscript revision. We also thank three anony-
mous referees for their helpful comments on an earlier version
of the manuscript. UNEMAT for the PROBIC grant and CAPES
for the Master’s Program Scholarship, and finally, FAPEMAT
for the funding that made this study possible.

LITERATURE CITED

ARIMORO, F.O. & R.B. IKOMI. 2009. Ecological integrity of upper
Warri River, Niger Delta using aquatic insects as bioindicators.
Ecological indicators 9: 455-461.

AHLROTH, P; R.V. ALATALO; A. HOLOPAINEN; T. KUMPULAINEN & J.
SUHONEN. 2003. Founder population size and number of
source populations enhance colonization success in
waterstriders. Oecologia 137: 617-620.

BEEBY, A. 2001. What do sentinels stand for? Environmental
Pollution 112 (2): 285-298.



927The influence of habitat integrity and physical-chemical water variables

ZOOLOGIA 27 (6): 918–930, December, 2010

BHARDWAJ, A.C. & N. TYAGI. 1993. Morphobehavioural
derangements in Pantala flavescens (Libellulidae: Odonata)
under a cyclodiene pesticidal stress. Indian Biologist 25:
29-32.

BINI, L.M. 2004. Análises multivariadas e limnologia: explora-
ção, síntese e inferênciade um mundo aquático complexo,
p.73-107. In: C.E.M. BICUDO & D.C. BICUDO (Eds). Amostragem
em Limnologia. São Carlos, Rima.

BONADA, N.; N. PRAT; V.H. RESH & B. STATZNER. 2006. Developments
in aquatic insect biomonitoring: a comparative analysis of
recent approaches. Annual Review of Entomology 51: 495-
523.

BRANNSTOM, C.; W JEPSON; A.M. FELIPPI; D. REDO; X.ZENGWANG & S.
GANESHI. 2008. Land change in the Brasilian Savanna (Cer-
rado), 1986-2002: comparative analysis and implications for
land-use policy. Land Use Policy 25: 579-595.

BRASIL. 1981. Projeto RADAMBRASIL, Folha SD 22. Goiás:
geologia, geomorfologia, pedologia, vegetação, uso po-
tencial da terra. Rio de Janeiro, Ministério das Minas e Ener-
gia.

CAPÍTULO, A.R.; M. TANGORRA & C. OCÓN. 2001. Use of benthic
macroinvertebrates to assess the biological status of Pampean
streams in Argentina. Aquatic Ecology 35: 109-119.

CHESSON, P. 2000. Mechanisms of maintenance of species
diversity. Annual Review of Ecology and Systematics 31:
343-366.

COLLIER, K.J. 2008. Temporal patterns in the stability, persistence
and condition of stream macroinvertebrate communities:
relationships with catchment land-use and regional climate.
Freshwater Biology 53: 603-616. doi: 10.1111/j.1365-
2427.2007.01923.x

COLWELL, R.K. 2000. Estatistical estimation of species richness
and shared species from samples (EstimateS). 7.5 Win.
Available online at : http://purl.oclc.org/estimates [Accessed:
03.II.2009]

CONNELL, J.H. 1978. Diversity in tropical rain forest and coral
reefs. Science 199: 1302-1310.

COUCEIRO, S.R.M.; N. HAMADA; S.L.B. LUZ; B.R. FORSBERG & T.P.
PIMENTEL. 2007. Deforestation and sewage effects on aquatic
macroinvertebrates in urban streams in Manaus, Amazonas,
Brazil. Hydrobiologia 575: 271-284.

COVICH, A.P.; M.A. PALMER & T.A. CROWL. 1999. The role of benthic
invertebrate species in freshwater ecosystems. BioScience
49 (1): 119-127.

CRAMER, M.J.& M.R. WILLIG. 2005. Habitat heterogeneity, species
diversity and null models. Oikos 108: 209-218.

DAVIDSON E.A.; C.NEILL; A.V KRUSCHE; M.V.R.BALLESTER; D.MARKEWITZ

& R.DE O. FIGUEIREDO. 2004. Loss of nutrients from terrestrial
ecosystems to streams and the atmosphere following land use
change in Amazonia, p. 147-158. In: R. DEFRIES; G. ASNER &
R.H. HOUGHTON (Eds). Ecosystems and land use change. Wa-
shington, D.C., American Geophysical Union, Geophysical
Monograph Series 153.

DE CARLO, J.A. 1964. Los Ranatridae de America (Hemiptera).
Revista del Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia” 1 (2): 133-227.

DEATH, R.G. & K.J. COLLIER. 2009. Measuring stream macroinver-
tebrate responses to gradients of vegetation cover: when is
enough enough? Freshwater Biology 55 (7): 1447-1464.
doi: 10.1111/j.1365-2427.2009.02233.x

DEATH, R.G.& M.J. WINTERBOURN. 1995. Diversity patterns in
stream benthic invertebrate communities: the influence of
habitat stability. Ecology 76 (5): 1446-1460.

DELACERDA, L.D.; W. SALOMONS; W.C. PFEIFFER & W.R. BASTOS. 1991.
Mercury distribution in sediment profiles from lakes of the
high Pantanal, Mato Grosso State, Brazil. Biogeochemistry
14 (2): 91-97.

DELONG, M.D. & M.A. BRUSVEN. 1994. Allochthonous input of organic
matter from different riparian habitats of an agriculturally
impacted stream. Environmental Management 18 (1): 59-71.

DUDGEON, D.; A.H. ARTHINGTON; M.O. GESSNER; Z.I. KAWABATA; D.J.
KNOWLER; C. LEVEQUE, R.J. NAIMAN; A.H. PRIEUR-RICHARD; D. SOTO;
M.L.J. STIASSNY & C.A. SULLIVAN. 2006. Freshwater biodiversity:
importance, threats, status and conservation challenges.
Biological Reviews 81 (2): 163-182.

DUFRÊNE, M. & P. LEGENDRE. 1997. Species assemblages and indicator
species: the need for a flexible asymmetrical approach. Ecolo-
gical Monographs 67 (3): 345-366.

ESTÉVEZ, A.L. & J.T. POLHEMUS. 2001. The small species of Belostoma
(Heteroptera, Belostomatidae). I. Key to species groups and
a revision of the Denticolle group, Iheringia, Série Zoolo-
gia, 91: 151-158.

FERREIRA, C.P. & L. CASATTI. 2006. Influência da estrutura do hábitat
sobre a ictiofauna de um riacho em uma micro-bacia de pas-
tagem, São Paulo, Brasil. Revista Brasileira de Zoologia 23
(6): 642-651.

FERREIRA-PERUQUETTI, P. & P. DE MARCO JR. 2002. Efeito da altera-
ção ambiental sobre comunidades de Odonata em riachos
de Mata Atlântica de Minas Gerais, Brasil. Revista Brasilei-
ra de Zoologia 19 (2): 317-327.

FERREIRA-PERUQUETTI, P. & A.A. FONSECA-GESSNER. 2003. Comunida-
de de Odonata (Insecta) em áreas naturais de Cerrado e
monocultura no nordeste do Estado de São Paulo, Brasil:
relação entre o uso do solo e a riqueza faunística. Revista
Brasileira de Zoologia 20 (2): 219-224.

FINCKE, O.M. 1999. Organization of predator assemblages in
Neotropical tree holes: effects of abiotic factors and priority.
Ecological of Entomology 24 (1): 13-23.

GALINDO-LEAL, C. & I.G. CÂMARA. 2003. The Atlantic forest of
South America: biodiversity status, threats, and outlook.
Whashington, D.C., Island Press.

GOODWYN, P.J.P. 2001. A new Hydrometra species from Argenti-
na (Heteroptera: Hydrometridae). Florida Entomologist 81
(1): 127-130.

HELTSHE, J.F.& N.E. FORRESTER. 1983. Estimating species richness
using the jackknife procedure. Biometrics, 39: 1-11.



928 K. Dias-Silva et al.

ZOOLOGIA 27 (6): 918–930, December, 2010

HILTY, J. & A. MERENLENDER. 2000. Faunal indicator taxa selection
for monitoring ecosystem health. Biological Conservation
92: 185-197.

HOUGHTON, D.C. 2004. Biodiversity of Minnesota caddisflies
(Insecta:Trichoptera): delineation and characterization of
regions. Environmental Monitoring and Assessment 95
(1-3): 153-181.

HUNGERFORD, H.B. 1933. The genus Notonecta of the World
(Notonectidae:Hemiptera). The University of Kansas
Science Bulletin 21 (1): 5-195.

KARR, J.R. 1999. Defining and measuring river health.
Freshwater Biology 41 (2): 221-234.

KARAOUZAS, I. & K.C. GRITZALIS. 2006. Local and regional factors
determining aquatic and semi-aquatic bug (Heteroptera)
assemblages in rivers and streams of Greece. Hydrobiologia
573: 199-212.

KIKUCHI, R.M. & V.S. UIEDA. 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): 1-18.

LAUCK, D.R. 1962. A monograph of the genus Belostoma (Hemiptera)
I. Introduction and B. dentatum and Subspinosum groups.
Bulletin of the Chicago Academy of Sciences 11 (3): 34-154.

MACAN, T.T. 1938. Evolution of aquatic habitats with special
reference to the distribution of Corixidae. The Journal of
Animal Ecology 7 (1): 1-19.

MACAN, T.T. 1954. A contribution to the study of the ecology of
Corixidae (Hemiptera). The Journal of Animal Ecology 23
(1): 115-141.

MCCABE, D.J. & N.J. GOTELLI. 2000. Effects of disturbance
frequency, intensity, and area on assemblages of stream
macroinvertebrates. Oecologia 124 (2): 270-279.

MCCAULEY, S.J. 2006. The effects of dispersal and recruitment
limitation on community structure of odonates in artificial
ponds. Ecography 29 (4): 585-595.

MCCLAIN, M.L. & H. ELSENBEER. 2001. Terrestrial inputs to Amazon
streams and internal biogeochemical processing, p. 185-208.
In: M.E. MCCLAIN; R.L. VICTORIA & J.E. RICHE (Eds). The
Biogeochemistry of the Amazon Basin. New York, Oxford
University Press.

MCGEOCH, M.A. & S.L. CHOWN. 1998. Scaling up the value of
bioindicators. TREE 13 (2): 46-47.

MELO, A.S. & L.U. HEPP. 2008. Ferramentas estatísticas para aná-
lises de dados provenientes de biomonitoramento.
Oecologia Brasiliensis 12 (3): 463-486.

MERRITT, R.W. & K.W. CUMMINS. 1996. An introduction to the
aquatic insects of North America. Dubuque, Kendall/Hunt
Publishing Company.

METCALF-SMITH, J.L. 1994. Biological water-quality assessment
of rivers: use of macroinvertebrate communities, p. 144-170.
In: P. CALOW & G.E. PETTS (Eds). The rivers handbook:
hydrological and ecological principles. Oxford, Blackwell
Scientific Publications, vol. 2.

NAIMAN, R.J.; H. DECAMPS; J. PASTOR & C.A. JOHNSTON. 1988. The
potential importance of boundaries to fluvial ecosystems.
Journal of the North American Benthological Society 7
(4): 289-306.

NESSIMIAN, J.L.; E.M. VENTICINQUE; J.ZUANON; P.JR. DE MARCO; M.
GORDO; L. FIDELIS; J.D. BATISTA & L. JUEN. 2008. Land use, habitat
integrity, and aquatic insect assemblages in Central
Amazonian streams. Hydrobiologia 614: 117-131.

NIEMI, G.J.& M.E. MCDONALD. 2004. Application of ecological
indicators. Annual Review of Ecology and Systematics 35:
89-111.

NIESER, N. & A. L. MELO. 1997. Os heterópteros aquáticos de
Minas Gerais. Belo Horizonte, Editora UFMG.

NIESER, N.; A. PELLI & A.L. MELO. 1999. Two new Ambrysinae
(Heteroptera: Naucoridae) from Minas Gerais, Brazil. Acta
Societates Zoologicae Bohemicae 63: 157-163.

O’CONNOR, N. 1991. Flexibility in timing of metamorphic molt
by fiddler crab megalopae Uca pugilator. Marine Ecology
Progress Series 68: 243-247.

ODUM, E.P.; J.T. FINN & E. H. FRANZ. 1979. Perturbation theory
and the subsidy-stress gradient. Bioscience 29 (6): 349-352.

OERTLI, B.; N. INDERMUEHLE, S. ANGELIBERT; H. HINDEN & A. STOLL.
2008. Macroinvertebrate assemblages in 25 high alpine ponds
of the Swiss National Park (Cirque of Macun) and relation to
environmental variables. Hydrobiologia 597: 29-41.

PALMER, M.A. 1999. The application of biogeographical zonation
and biodiversity assessment to the conservation of
freshwater habitats in Great Britain. Aquatic Conservation-
Marine and Freshwater Ecosystems 9 (2): 179-208.

PENNAK, R.W. 1978. Fresh-water invertebrates of the United
States. New York, John Wiley.

PINTO, N.L.S. & A.C.T. HOLTZ. 1976. Medições de vazão, p. 1-28.
In: N.L.S. PINTO; A.C.T. HOLTZ; J.A. MARTINS & F.L.S. GOMIDE

(Eds). Hidrologia básica. São Paulo, Edgard Blüchen.
PINTO-COELHO, R.M. 1998. Effects of eutrophication on seasonal

patterns of mesoplankton in a tropical reservoir: a 4-year
study in Pampulha lake, Brazil. Freshwater Biology 40: 159-
173.

POZO, J.; E. GONZÁLEZ; J.R. DÍEZ; J. MOLINERO & A. ELÓSEGUI. 1997.
Inputs of particulate organic matter to streams with different
riparian vegetation. Jornal of North American Bentho-
logical Society 13 (3): 602-611.

REICE, S.R. 1980. The role of substratum in benthic macroin-
vertebrate microdistribution and litter decomposition in a
woodland stream. Ecology 61 (3): 580-590.

RESH, V.H.; A.V. BROWN; A.P. COVICH; M. E. GURTZ; H.W. LI; H.W.
LI; S.R. REICE; A.L. SHELDON; J.B. WALLACE & R.C. ISSMAR. 1988.
The role of disturbance in stream ecology. Jornal of North
American Benthological Society 7 (4): 433-455.

RIBEIRO, J.R.I. 2005. Família Belostomatidae Leach, 1815 (Insecta:
Hemiptera: Heteroptera) chave e catálogo de identificação
para as espécies ocorrentes no estado do Rio de Janeiro, Bra-
sil. Archivos do Museu Nacional 63 (2): 247-262.



929The influence of habitat integrity and physical-chemical water variables

ZOOLOGIA 27 (6): 918–930, December, 2010

RIBEIRO, J.R.I. 2007. A review of the species of Belostoma Latreille,
1807 (Hemiptera: Heteroptera: Belostomatidae) from the
four southeastern Brazilian states. Zootaxa 1477: 1-70.

ROLDÁN-PÉREZ, G. 1988. Guía para el estudio de los macroin-
vertebrados acuáticos del Departamento de Antioquia.
Bogotá, Universidad de Antioquia.

ROSENBERG, D.M. & V.H. RESH. 1993. Introduction to freshwater
biomonitoring and benthic macroinvertebrates, p. 1-9. In: D.M.
ROSENBERG & V.H. RESH (Eds). Freshwater biomonitoring and
benthic macroinvertebrates. New York, Chapman & Hall.

SAVAGE, A.A. 1994. The distribution of Corixidae in relation to
the water quality of British lakes: a monitoring model.
Freshwater Forum 4: 32-61.

SCHMIDT, S.I.; M. KONIG-RINKE; K. KORNEK; C. WINKELMANN; M.A.
WETZEL; J.H.E. KOOP & J. BENNDORF. 2009. Finding appropriate
reference sites in large-scale aquatic field experiments.
Aquatic Ecology 43: 169-179.

SCHARTAU, A.K.; S.J. MOE; L. SANDIN; B. MCFARLAND & G.G. RADDUM.
2008. Macroinvertebrate indicators of lake acidification:
analysis of monitoring data from UK, Norway and Sweden.
Aquatic Ecology (42): 293-305.

SILVA, D.; P. DE MARCO & D.C. RESENDE. 2010. Adult odonate
abundance and community assemblage measures as indicators
of stream ecological integrity: A case study. Ecological
Indicators 10: (3): 744-752, doi: 10.1016/j.ecolind.2009.12.004

SMITH, J.; M.J. SAMWAYS & S. TAYLOR. 2007. Assessing riparian
quality using two complementary sets of bioindicators.
Biodiversity and Conservation 16: 2695-2713.

SMITH, W.; T.C. MEREDITH & T. JOHNS. 1999. Exploring methods for
rapid assessment of woody vegetation in the Batemi Valley,
North-central Tanzania. Biodiversity and Conservation 8:
447-470.

SPENCER, J.R. & M.N. ANDERSEN. 1994. Biology of water strider:
interactions between Systematics and Ecology. Annual
Review of Entomology 39: 101-121.

STRAHLER, H.N. 1957. Quantitative analysis of watershed
geomorphology. American Geophysical Union Transactions
33: 913-920.

TESTI, A.; S. BISCEGLIE; S. GUIDOTTI & G. FANELLI. 2009. Detecting river
environmental quality through plant and macroinvertebrate
bioindicators in the Aniene River (Central Italy). Aquatic
ecology 43: 477-486

TOWNSEND, C.R.; C.J. ARBUCKLE; T.A. CROW & M.R. SCARSBROOK. 1997.
The relationship between land use and physicochemistry,
food resources and macroinvertebrate communities in
tributaries of the Taieri River, New Zealand: a hierarchically
scaled approach. Freshwater Biology 37: 177-191.

TUNDISI, J.G.; T. MATSUMURA-TUNDISI; R. HENRY; O. ROCHA & K. HINO.
1988. Comparações do estado trófico de 23 reservatórios do
Estado de São Paulo: eutrofização e manejo, p. 165-204. In:
J.G. TUNDISI (Ed.). Limnologia e manejo de represas. São
Carlos, USP-EESC/CRHEA/ACIESP.

UIEDA, V.S. & I.C.S.M. GAJARDO. 1996. Macroinvertebrados
perifíticos encontrados em poções e corredeiras de um ria-
cho. Naturalia 21: 31-47.

VANNOTE, R.L.; G.W. MINSHALL; K.W. CUMMINS; J.R. SEDELL & C.E.
CUSHING. 1980. The River Continuum Concept. Canadian
Journal Fisheries and Aquatic Science 37: 130-137.

WARD, J.V.; K. TOCKNER & F. SCHIEMER. 1999. Biodiversity of
floodplain river ecosystems: ecotones and connectivity.
Regulated Rivers: Research and Management 15: 125-139.

WATSON, J.A.L.; A.H. ARTHINGTON & D.L. CONRICK, 1982. Effect of
sewage effluent on dragonflies (Odonata) of Bulimba Creek,
Brisbane. Australian Journal of Marine and Freshwater
Research 23 (3): 517-528.

WILCOX, R.S. & J. DISTEFANO. 1991. Vibratory signals enhance
mate-guarding in a water strider (Hemiptera, Gerridae).
Journal of Insect Behavior 4 (1): 43-50.

WOLLMANN, K. 2000. Corixidae (Hemiptera, Heteroptera) in
acidic mining lakes with pH 3 in Lusatia, Germany. Hydro-
biologia 433: 181-183.

WRIGHT, A.D. & T.D. CENTER. 1984. Predicting population
intensity of adult Neochetina eichhornia (Coleoptera:
Curculionidae) from incidence of feeding on leaves of water-
hyacinth, Eichhornia crassipes. Environmental Entomology
13: 1478-1482.

YODER, C.O. & E.T. RANKIN. 1998. The role of biological indicators
in a state water quality management process. Environmental
monitoring and assessment 51 (1-2): 61-88.

ZAR, J.H. 1999. Biostatistical analysis. Englewood Cliffs,
Prentice-Hall.

Submitted: 29.IX.2009; Accepted: 16.IX.2010.
Editorial responsibility: Paulo Inácio de K.L. de Prado

Appendix 1. Sites of samples, orders, abbreviations dos streams, geographic coordinates, values of HII, mean width and mean depth.

Sites Order Abbreviations Geographic Coordinates HII Mean width (m) Mean depth(m)

Cachoeirinha Stream 1 CS S 14º 50’ 30" e W 52º 24’ 54" 0.61  2.00 0.30

2 CS S 14º 50’ 50" e W 52º 24’ 22" 0.69  2.15 0.80

3 CS S 14º 50’ 33" e W 52º 21’ 34" 0.73  2.45 0.85

4 CS S 14º 49’ 44,7” e W 52º 12’ 56,3” 0.65  7.12 1.20

Caveira Stream 1 CVS S 14º 55,9’ 06” e W 52º 20’ 29” 0.59  1.40 0.13

2 CVS S 14º 59’ 53,4” e W 52º 18 ‘17,5” 0.52  3.17 0.73

Continue
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Appendix 2. Variables physical-chemical in streams in the collections of 2008. Mata Stream (MS), Cachoeirinha Stream (CS), Taquaral
Stream (TS), Papagaio Stream (PS) and Caveira Stream (CVS). Temperature of water (T.W.), temperature of air (T. Air), pH, conductivity
eletrical (C. eletrical), turbidity (T), oxygen dissolved (OD), hardness total (H), calcium (C), magnesium (Mg), phosphate (P), nitrate (N),
nitrite (Ni) and flow (F).

Sites Order T. W
(°C)

T. Air
(°C)

pH C. eletrical
(µs)

T
(NTU)

OD
(mg/l)

H
(mg/l)

C
(mg/l)

Mg
(mg/l)

P
(mg/l)

N
(mg/l)

Ni
(mg/l)

F
(m3/s)

MS 1 25.25 29.95 6.56  2.52  1.000 7.95  2.80 0.17  2.66 0.16 1.71  1 0.05

2 19.00 21.10 6.20  3.05  0.370 8.90  5.60 2.39  3.18 0.06 1.03  1 0.22

3 25.50 29.50 6.44  5.50  9.000 7.72  11.50 5.33  6.20 0.11 1.43  7 0.12

4 26.85 30.90 6.41  16.70  14.000 6.58  13.00 5.91  7.13 0.27 2.20  2 0.11

CS 1 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry

2 25.70 28.20 6.58  13.50  169.250 6.80  10.50 4.21  6.28 0.49 2.53  120 0.04

3 24.45 28.75 6.29  4.57  7.050 4.15  10.62 4.08  6.53 0.18 1.35  4 0.02

4 26.45 31.80 6.61  7.55  12.700 6.67  11.57 5.77  5.81 0.15 0.89  1 0.29

TS 1 24.25 25.00 6.60  0.21  22.050 5.89  32.40 16.8  15.59 0.28 1.04  1 0.30

2 20.55 30.55 6.80  12.4  0.155 8.07  13.20 7.77  5.43 0.09 1.53  1 0.11

3 26.15 30.60 6.53  4.17  5.850 6.84  9.70 3.14  6.57 0.14 1.56  4 0.04

4 30.40 31.30 6.49  4.71  5.700 7.11  9.05 3.48  5.57 0.14 1.97  1 0.04

PS 1 24.10 29.75 6.73  4.76  7.400 7.99  8.52 3.62  4.91 0.14 2.73  1 0.01

2 22.35 31.05 7.10  7.90  0.300 9.01  7.44 3.27  4.17 0.09 0.93  1 0.03

3 24.95 26.65 6.73  7.41  6.650 7.93  7.57 2.78  4.79 0.12 1.70  1 0.12

4 27.95 25.95 6.67  6.99  7.850 7.28  6.61 2.08  4.52 0.10 1.31  1 0.71

CVS 1 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry

2 30.00 31.40 6.44  5.50  9.00 7.73  11.53 5.33  6.20 0.11 1.43  7 0.12

3 29.40 35.50 5.35  1.50  0.700 6.29  5.84 1.00  4.84 0.05 3.90  2 0.19

 4 28.20 33.30 6.38  12.70  1.100 7.06  7.34 1.57  5.77 0.07 1.80  2 –

Appendix 1. Continued.

Sites Order Abbreviations Geographic Coordinates HII Mean width (m) Mean depth(m)

3 CVS S 14º 57’ 28,7” e W 52º 13’ 43,9” 0.65  3.20 0.60

4 CVS S 14º 42’ 47,7” e W 52º 03’ 16,4” 0.58  17.20 1.63

Da Mata Stream 1 DMS S 14º 29’ 51,7” e W 52º 28 ‘42,6” 0.96  3.20 0.33

2 DMS S 14º 59 ‘25,2” e W 52º 27’ 57,7” 0.86  2.63 0.30

3 DMS S 14º 59’ 59” e W 52º 26’ 29” 0.82  6.16 0.40

4 DMS S 14º 01’ 37” e W 52º 26’ 29” 0.85  4.86 0.40

Papagaio Stream 1 PS S 15º 27’ 01" e W 52º 24’ 30" 0.85  1.06 0.10

2 PS S 15º 27’ 32" e W 52º 24’ 42" 0.66  1.10 0.17

3 PS S 15º 28’ 11" e W 52º 24’ 32" 0.78  4.77 0.23

4 PS S 15º 28’ 56" e W 52º 21’ 47" 0.71  10.96 0.53

Taquaral Stream 1 TS S 15º 41’ 54" e W 52º 20’ 03" 0.96  1.17 0.10

2 TS S 15º 41’ 57" e W 52º 19’ 56" 0.89  4.43 0.46

3 TS S 15º 39’ 35" e W 52º 13’ 52" 0.68  4.67 0.97

4 TS S 15º 38’ 53" e W 52º 12’ 53" 0.62  9.30 1.03


