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Abstract

We investigated the community of Chironomidae
from three rivers belonging to the same river ba-
sin in Southern Brazil. Our objective was to ana-
lyze if the Chironomidae communities from rivers
of the same basin were similar and relate this to
land-use and water quality variables. Samples of
insects were taken using artificial substrate bas-
kets and left 44 days in the field for colonization
during the dry season in 2002. Study reaches with
the relevant land-use category present for at least
500 m along both river banks above and alongside
the study reach were selected and land-use, terrain
slope of the river basin and chemical and physi-
cal variables of the water were analysed. Faunal
data were analyzed by number of individuals, rich-
ness of genera and community indices. Statistical
analyses were performed in order to investigate
the relationship between abiotic variables and the
Chironomidae communities. Twenty-two genera
were identified; Rheotanytarsus (Thienemann &
Bause) was the most abundant in all assemblages.
Some genera showed preferences in their distribu-
tion, and were observed in only one of the rivers.
Land-use and slope of the terrain were similar for
all rivers, while the water quality variables were
different for the Taquari River compared to the two
other sites. This may explain the differences in the
Chironomidae community observed for this local-

ity.
Introduction

The ever increasing human population has induced
a need for more agricultural land to provide food
and sources for bioenergy. The Southeastern Bra-
zilian region is now over-exploited as a result of
recent deforestation (also of the riparian forests)
and replacement by crop plantations or pasture-
land for cattle (Loureiro 1998).

The importance of the riparian forest to aquatic
systems and their biota has been described exten-
sively (Casatti et al. 2006; Matthaei et al. 2000).
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The usual conclusions in such studies focus on the
negative aspect of the conversion of riparian for-
est to agricultural land (Cetra and Petrere 2007;
Galbraith et al. 2008). Their presence is important
for the maintenance of temperature equilibrium,
as continous food supply for aquatic animals, as
source of organic material and stabilization of
stream banks (Marinho Filho and Reis 1989; Rod-
rigues 1992; Aguiar et al. 2002).

Because of their widespread distribution and the
sensitiveness to pollution observed for some spe-
cies, chironomids are used worldwide as biologi-
cal indicators of environmental quality (Bacey and
Spurlock 2007; Chessman et al. 2007; Smith et
al. 2007). Several projects around the world dem-
onstrate their application as bioindicators (WRC
2001; MDFRC 2007).

In Brazil, several studies have been conducted in
order to analyse the influence of the surround-
ing land-use on the aquatic fauna (Sonoda 2005;
Corbi and Trivinho-Strixino 2008). The interac-
tion of terrestrial and aquatic systems is often ana-
lysed in small watersheds in an attempt to reduce
the influence of extrancous environmental factors
that, consequently, make it more difficult to de-
tect the effects of differences in catchment land-
use (Siqueira and Trivinho-Strixino 2005; Roque
et al. 2008). Studies conducted on large Brazilian
aquatic systems are rare in the scientific literature;
as the velocity of river flow and sudden changes
in the water level are some of the difficulties en-
countered.

As stated by Vinson and Hawkins (2003), streams
within similar biomes support similar number of
taxa. This implies that the physical and biological
environment of streams are a strong selective force
on insect stream communities.

The rivers studied here are similar with regard to
land-use and cover, terrain slope, river channel
morphology and climate. Our objective was to
analyze if the Chironomidae communities from



Figure 1. Map of Sdo Paulo State, with the location of the sampling sites (white dots). The insert shows the location

of Sdo Paulo State in Brazil.

rivers of the same basin were similar and if possi-
ble to explain reasons for differences if these were
found.

Material and Methods
Study Area

Our study was carried out in the Alto Paranap-
anema River basin, State of Sdo Paulo (Brazil)
(Figure 1), which has a drainage area of 22,550
km?. The rivers selected for the study were Para-
napanema, Apiai-Guagu and Taquari; a description
of the sampling sites is given in Table 1.

Based on previous methodological studies (Lam-
mert and Allan 1999; Solimini et al. 2000; Cuftney
et al. 2002), the following criterion was used when
selecting our study reaches: the land-use analyzed
(pasture or forest) had to be present for at least 500
m length along both river banks, both above and
alongside each study reach (Figure 2).

Sampling procedure

Six baskets (30 cm x 15 ¢cm % 8 cm, mesh size 2.0
cm) filled with artificial substrates [clay rocks of
particle size 16-32 mm, classified as coarse gravel
after Gordon et al. (1992)] were placed under wa-
ter along the river banks during the dry season. Af-
ter the 44 days of colonization, the baskets were

removed, placed in 80 % alcohol and carried to the
laboratory. There, they were washed under flow-
ing water over a sieve of mesh size of 0.2 mm.
The chironomid larvae were sorted and identified
to genus following the key provided by Trivinho-
Strixino and Strixino (1995).

Land-use and water quality variables

LANDSAT imagery was used to generate digital
maps from which percentages of land-use distribu-
tion and terrain slopes upstream of the sampling
areas were calculated.

Chemical and physical variables were surveyed by
Salomao (2004) who analyzed the following water
variables: fine suspended solids (FSS), coarse sus-
pended solids (CSS), total suspended solids (TSS),
water temperature, pH, conductivity, dissolved
oxygen, dissolved organic carbon, dissolved inor-
ganic carbon, free CO,, chloride, NO,, NO,, NH,,
SO,, Na, K, Mg, Ca (Table 2).

Data analysis

The chironomids were analyzed as total number
and percentage of individuals per genus, number
of genera, taxon richness, Shannon-Wiener’s di-
versity index, Margalef’s richness, evenness index
(Odum 1984; calculated using 2 as the base for the
logarithm) and Serensen’s modified index (Dise-

Table 1. Basic description of the sampling sites in the Alto Paranapanema River Basin.

Parameter Paranapanema River Apiai-Guagu River Taquari River
Area of sub-basins (km?) 710.39 899.74 828.08
Depth (m) 0.5 1.4 1.8
Width (m) 17.5 15 17
Latitude 23°90°79” 23°93°11” 23°96°91”
Longitude 48°25°96” 48°65°78” 48°94°61”
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Figure 2. Schematic drawing of the experimental
design in each of the three rivers. Colonisation baskets
were placed along both river margins at each of the
three sampling points at all study sites.

rud and @degaard 2007) that permits the integrated
analysis of all sites.

The X? test was used to analyze the influence of
location (rivers) on individual abundance and
diversity indices. We utilized Pearson’s correla-
tion and two-way ANOVA to integrate abiotic
and biotic data, to analyze the interactions among
them. All statistical analyses were performed us-
ing SAS® (version 9.1.2, The SAS Institute, Cary,
NC) (Wright and Covich 2005).

Results
Watershed and water features

The analysis of land-use and terrain-slope showed
similar patterns at the sampled rivers within the
watershed (Table 2); native vegetation was the
main land-use followed by pasture and areas of
reforestation. The percentage of the adjacent land-
use was slightly different for the Apiai-Guacu
River, showing the least reforestation (6.2 % of the
area) and the most pasture land-use (39 %) when
compared to the other rivers (Table 2).

The slopes were divided into seven classes with

Table 2. Main land-use and main slope-class of the
river sub-basins upstream of the sampling sites.

Land-use/ Parana- Apiai- Taquari
terrain-slope panema Guagu

Pasture 22.6% 39% 25.3%
Native 56.7% 43.7% 47.2%
vegetation

Reforestation 16.2% 6.2% 17.9%
<2 % 21.4% 23.2% 21.1%
5% - 10% 14.1% 13.4% 13%
10% - 15% 16.4% 12.7% 17.7%
15% - 45% 41% 40.3% 41.9%

the four most common are shown in table 3. All
rivers showed similar values with 40-42% of the
area upstream of the sampling sites belonging to
the fourth class (15 % to 45 % slope). About 22%
of the area belonged to the first class with less than
2% slope.

Despite the similarities in land-use and terrain-
slope, the chemical and physical variables of the
sampled rivers (Table 3) showed great differ-
ences with higher values for most variables in the
Taquari River. The ANOVA identified significant
differences in some of the water quality variables
between sites and identified SO,, Na, FSS, CSS,
and TSS as characteristic for the Taquari River.

The Paranapanema River showed the lowest val-
ues for most variables, the ones which showed sta-
tistically significant differences to the other sites
and characterized the river were pH, CO,, NO, and
Cl. Variables such as conductivity, DIC, HCO,,
NO,, K, Mg, Ca showed statistical significant dif-
ferences between all the rivers.

Chironomidae fauna

A total of 2,642 individuals of Chironomidae were
collected, comprising twenty-two genera. The
highest number of individuals was collected at the
Paranapanema River (1,065 specimens). The ge-
neric richness was quite similar at the three sites
with seventeen genera collected from both the

Table 3. Values of chemical and physical variables of
water from the rivers studied (sed = sediment).

Parameter Parana- Apiai- Taquari
panema Guagu

FSS (mg sed/L) 8.0 28.3 93.7
CSS (mg sed/L) 1.0 33 13.4
TSS (mg sed/L) 9.0 317 107.1
TEMP (°C) 19.6 19.8 20.1
PH 6.5 7.3 7.3
COND (pS/cm) 31.0 81.0 111.7
OD (mg/L) 8.5 8.6 8.1
DOC (mg/L) 4.5 49 4.0
DIC (mg/L) 7.3 323 40.0
Cl (uM) 96.7 53.7 50.5
NO, (uM) 0.0 22.1 23.8
NO, (uM) 19.0 14.6 29.2
SO, (uM) 8.0 11.9 75.2
Na (uM) 110.3 99.8 218.1
NH, (uM) 1.0 0.6 1.9
K (uM) 13.4 34.1 50.4
Mg (uM) 36.6 129.0 156.9
Ca (uM) 33.0 196.8 258.7
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Paranapanema River and the Apiai-Guacu River;
and 15 genera from the Taquari River (Table 4).

Chironominae was the sub-family with highest
number of individuals and also the greatest taxon
richness; Tanytarsini was the most abundant tribe
in all rivers. This was due to the high number of
Rheotanytarsus, the numerically dominant genus,
always representing more than 59 % of the assem-
blages and reaching 71.4 % in the Taquari River.
In contrast, Procladiini was the rarest tribe repre-
sented only by two individuals belonging to Djal-
mabatista at the Apiai-Guagu River.

At the Paranapanema River, Nanocladius and
Ablabesmyia were frequent too, and at the Apiai-
Guacu River, Nanocladius was the second most
abundant genus after Rheotanytarsus (Table 4).

Some genera were rare in all environments: Chi-
ronomus and Endotribelos were sampled only at
the Paranapanema River, while Tribelos and Djal-
mabatista were found exclusively at the Apiai-
Guagu River. The Taquari River had no unique
taxa.

The communities from the Paranapanema River

Table 4. Relative distribution (%) of genera in each
community.

Genus Parana- | Apiai- | Taquari
panema | Guagu

Beardius 2.35 3.71 0.33
Chironomus 0.56 0.00 0.00
Endotribelos 0.09 0.00 0.00
Fissimentum 0.28 0,00 4.10
Goeldichironomus 0,00 0.15 0.00
Harnischia 0.85 0.15 1.33
Lauterborniella 1.97 1.19 0.00
Parachironomus 0.00 0.15 0.11
Pol. (Asheum) 3.85 0.59 0.33
Pol. (Polypedilum) 0.00 1.34 1.99
Stenochironomus 0.09 0.00 0.11
Tribelos 0.00 0.30 0.00
Rheotanytarsus 59.81 59.50 71.43
Corynoneura 3.38 4.15 3.54
Lopescladius 0.19 0.00 1.33
Nanocladius 10.33 16.77 3.32
Ablabesmyia 11.27 1.48 9.63
Labrundinia 2.54 8.01 1.11
Larsia 0.19 0.15 0.22
Nilotanypus 0.85 0.59 0.00
Pentaneura 1.41 1.48 1.11
Djalmabatista 0.00 0.30 0.00
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Table 5. Biotic indices of the communities from the
three rivers.

River Diversity Richness Evenness
Parana- 0.74 1.59 0.18
panema

Apiai- 0.75 1.70 0.18
Guagu

Taquari 0.53 1.43 0.13

and the Apiai-Guagu River had similar values for
diversity and evenness indices (Table 5), the dif-
ferences seen in the richness index was due to the
greater number of individuals in the Paranapanema
assemblage. Taquari’s community showed lower
values for all indices due to the marked domi-
nance of Rheotanytarsus. The Serensen’s modi-
fied similarity index indicated a medium level of
similarity among communities from the three riv-
ers (S=0.55).

Discussion
Watershed and water features

As the aquatic ecosystems are tightly coupled with
their catchments (Maloney et al. 2008, Lamberti
et al. 2010), the selection of three rivers from the
same basin permitted us to minimize variation
in catchment-scale features such as surrounding
land-use, terrain-slope, climatic conditions, and
channel morphology. Such variation can confound
the influence of water quality on the aquatic biota
and should be eliminated if possible. Some stud-
ies have emphasised the great importance of land
cover as the main factor defining the structure of
the aquatic entomofauna (e.g. Corbi and Trivinho-
Strixino 2008). Our analysis of land-use upstream
of the sampling sites (Table 2) showed minimal
differences among the rivers and led us to believe
that the dissimilarity in chironomid community
structure was influenced by other factors.

Despite similarities in catchment features, water
quality variables showed great differences between
the rivers, where the Taquari River showed high-
er values of NO,, SO,, K, Mg, Na and Ca (Table
3). Conductivity is highly influenced by a range
of chemical variables. For the Taquari River, so-
dium, magnesium and calcium ions were the ones
with highest concentrations, however, the statisti-
cal analysis only returned a positive association
of sulphate to this river. High values of limestone
and sulphate are recorded in the soil surrounding
the Alto Paranapanema River basin (Milléo et al.
2008; CPRM 2009) and this might explain the
high values of calcium ions and sulphate measured
there.



There is restricted urban development in the area,
thus, the main source for the high levels of ions
probably is related to local agricultural practice.
However, additional studies probably should be
conducted to explore the source of the high ion-
level at this site. The high level of TSS at the
Taquari site probably is not controlled by land-use
as the watershed showed the same percentage of
forest cover as the Paranapanema River, where
the quantity of suspended solids was significantly
lower (10 % of the TSS recorded at Taquari).

Chironomidae fauna

The subfamilies Chironominae, Orthocladiinae
and Tanypodinae are quite common in Neotropi-
cal streams (Sanseverino and Nessimian 2008).
The Chironominae frequently are described as the
most abundant Chironomidae subfamily in the re-
gion (Suriano and Fonseca-Gessner 2004; Trivin-
ho-Strixino and Strixino 2005; Mendes and Pinho
2009) while Orthocladiinae is the most common
subfamily in lotic systems with high frequency in
rapids of streams and rivers (Coffman and Fer-
rington 1984, 1996).

The genus Rheotanytarsus, showed numerical
dominance in all three rivers, with a remarkable
abundance of individuals at the Taquari River;
however no statistical significant correlation to
any water variable was made that could explain
the high abundance. The reason for the high abun-
dance is not quite clear, but authors have found a
positive relationship of the genus to high pollu-
tion level (Simido-Ferreira et al., 2009) of water
bodies at Anapolis (GO) in the Brazilian Cerrado
biome. On the other hand, authors have also estab-
lished a direct correlation of its presence to good
water-quality environments (Corbi and Trivinho-
Strixino, 1999). It is described as typical of lotic
environments and prefers rapid flux water due to
its filtering habits (Higuti and Takeda, 2002).

A high abundance of Rheotanytarsus was also re-
corded by Sonoda et al. (2009) in the study of the
influence of land-use on the chironomid fauna of
rivers of Sdo Paulo State, Southeastern Brazil. In
this study, the high abundance of Rheotanytarsus
showed no correlation to land-use, occurring in
rivers with both adjacent forests and pasture-land.
Hepp et al. (2008) also recorded a high proportion
of Rheotanytarsus in rivers of southern Brazil. In
contrast, Jorcin and Nogueira (2008) found no
Rheotanytarsus but a high number of Djamabatis-
ta in the waterfall of the Paranapanema reservoir.
A high abundance of Djamabatista larvae was also
recorded by Trivinho-Strixino and Strixino (2005)
who analyzed the Chironomidae community in the
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Ribeira River, spatially near the Paranapanema
River Basin. Djamabatista larvae are good swim-
mers and prefer shallow water (Nessimian and
Henriques-de-Oliveira 2005). As the rivers here
studied showed no waterfall and rapids, this might
explain why larvae of this genus were relatively
rare in our study where only two individuals were
sampled in the Apiai-Guagu River.

As seen in our study, once the main landscape
variables are fixed the observed divergence in the
chironomid communities can be associated with
significant differences in water quality variables.
A genus that exemplifies this relationship well is
Nilotanypus. The genus is considered to be intoler-
ant to pollution (Smith and Cranston 1995) and its
absence from the Taquari River could be a response
to the poorer water quality at this site. Some Bra-
zilian studies has shown how water quality vari-
ables can influence the entomofauna. Melo (2009)
found distinctly different macroinvertebrate com-
munities in nearby sites (streams) in Southeastern
Brazil and concluded that these were a result of
different levels of conductivity and stream size
(orders). Futhermore, Roque et al. (2010) analyzed
the Chironomidae fauna from 61 streams and dis-
cussed the importance of both local (conductiv-
ity) and broad (riparian forest cover) scales on the
aquatic community composition in streams of Sao
Paulo State. They observed a negative relationship
between the percentage of riparian forest and ge-
neric diversity. Similar results have been reported
from analyses of land-use and macroinvertebrate
diversity in southeastern Brazil (Corbi 2006; Corbi
and Trivinho-Strixino 2006; Sonoda et al. 2009).

A lower generic richness and a dominance of only
one taxon was observed at the Taquari River. Such
characteristics are often observed in impacted sys-
tems (Stone et al. 2005) and influence the values of
biotic indices. This is also seen in our results (Ta-
ble 5). The use of diversity and richness indices as
appropriate metrics to evaluate stream conditions
is defended by Suriano et al. (2010) who analyzed
49 metrics to assess the conditions of streams of
Sdo Paulo State. Similarity measures are among
the most common (and accepted) metrics for com-
paring sites or samples (Diserud and @degaard
2007). The value of the Serensen index indicated a
medium degree of difference among the communi-
ties analysed here.

In conclusion, this study demonstrates that riv-
ers belonging to the same basin, with similar land
characteristics may not necessarily support similar
midge communities and that poorer water quality
can be reflected in the chironomid community.
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