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Contrasting land uses affect Chironomidae
communities in two Brazilian rivers

Kathia C. Sonoda" *, Christoph D. Matthaei? and Susana Trivinho-Strixino®
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Abstract: We investigated whether the conversion of riparian land use from indigenous forest to pasture influences
Chironomidae (midge) community composition in two Brazilian rivers. Our study was conducted in the main rivers
(Sdo José dos Dourados 6™ order, Aguapei 7" order) of two large catchments in the State of Sdo Paulo. Both are
dominated by agricultural ecosystems but retain substantial patches of native riparian forest. Replicated artificial
substrates (baskets filled with coarse clay gravel) were exposed at one forested reach and one pasture reach in each
river. Each respective land use had to be present for at least 500 m along both river banks above and alongside
the study reach, and the riparian forest at the forested reaches had to be at least 50 m wide. Colonisation baskets
were sampled after 44 days and all midge larvae sorted and identified to the lowest level possible (a total of 5,286
individuals belonging to 27 taxa). Land use affected midge communities, but not as expected. Densities of three
dominant midge genera were significantly higher in pasture reaches than in forested reaches, possibly in response
to moderate nutrient enrichment at the pasture reaches. Total midge density and taxon richness were similar across
land uses. These results imply that land-use related changes in habitat conditions were not severe enough to repre-
sent a stressor (with negative effects) for the midge communities in the investigated large rivers, but rather acted as

a subsidy, with mainly positive effects.
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Introduction

Human land use practices affect stream and river eco-
systems worldwide, and the intensity of land use has
increased dramatically in many regions of the world in
recent decades (Allan 2004). In Brazil, changes in land
use and a reduction in forest cover began soon after it’s
“discovery” by Europeans, and logging, mining, cattle
farms, coffee and sugar cane plantations are the main
activities causing this deforestation (Gongalves 1997).
Deforestation has also affected the riparian zones of
many streams and rivers in Brazil (Azevedo 2000, Ditt
2000).

Because riparian forests represent an ecotone re-
gion linking terrestrial and aquatic ecosystems, their
role as a buffer zone protecting the integrity of both
systems and their respective biotic and abiotic com-
ponents is broadly recognized (Dudgeon 1999, Allan
2004). Several studies have found a positive relation-
ship between the presence of riparian forest and the
water quality of both lentic and lotic ecosystems (e.g.
Townsend et al. 2000, Iwata et al. 2003). Riparian for-
ests act as an important food source (via organic matter
inputs) for many aquatic organisms, moderate the tem-
perature of rivers (via shading) and prevent excessive
sediment input in stream via root retention (Aguiar et
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al. 2002, Herlihy et al. 2005). These positive effects of
riparian forests of river ecosystems led to the adoption
of laws to protect the riparian forests around the world.
In Brazil, many riparian forests that had been severely
degraded in earlier years are now protected (Rodrigues
1999), and programs of reforestation have begun in re-
cent years (Simdes et al. 2002, SMA 2005).

Nevertheless, ongoing land use practices still rep-
resent a potential threat to existing riparian forests.
Livestock in cattle farms can degrade and even destroy
riparian forests, increase the amount of fine sediment
carried into rivers by surface runoff from farmland
(Riley et al. 2003), and decrease the input of alloch-
thonous organic matter (e.g. leaf litter and woody de-
bris) into the rivers. Consequently, the chemical and
physical properties of a river are altered by a change of
forest cover and human land use in its catchment (Per-
ry et al. 1999, Walsh et al. 2005, Burcher & Benfield
2006). To gain a better understanding of the mecha-
nisms behind these changes, many studies have been
carried out in temperate areas of the world. These stud-
ies focused on the influence of the land use changes on
terrestrial (e.g. Ferreira & Horta 2001) or aquatic biota
(Collier et al. 1997, Hall et al. 2003, Michailova et al.
2003) and in-stream physico-chemical characteristics
(Davies-Colley 1997, Edgar 1999).

By contrast, similar research has only begun in re-
cent years in subtropical and tropical parts of the world,
including Brazil. The majority of these studies were con-
ducted in small aquatic systems (Ferreira-Perruquetti
& Fonseca-Gessner 2003, Gerhard 2005), as were most

of the abovementioned studies in temperate climates,
and there are few studies of the effects of human land
use on the ecosystems of larger rivers, especially with
a focus on the midge fauna (e.g. Sonoda 2005, Corbi
2006). The present study in two large Brazilian rivers
had two specific objectives. The first was to determine
whether the midge communities at forest and pasture
reaches differed in terms of abundance, species rich-
ness, diversity, evenness and community composition.
We expected midge communities to be less healthy and
diverse at pasture reaches because of the positive ef-
fects that riparian forests have been shown to have on
aquatic communities (see above). Our second objective
was to compare the relative abundances of midge func-
tional feeding groups between land uses. We expected
the shredder guild within the Chironomidae to be more
important and grazers to be less important at reaches
with riparian forest than at pasture reaches, because
forest reaches should be dominated by allochthonous
inputs whereas pasture reaches should be dominated
by autochthonous production.

Methods

Study sites

Our study was conducted in the main rivers of two catchments in
the State of S@o Paulo, Brazil (Fig. 1). The two river basins were
selected because they show a moderate degree of human impact
compared to other catchments in the State, and we wanted to
avoid rivers that receive highly polluted (and potentially toxic)
water from predominantly urban or industrial catchments.

Séo José dos Douradose,

Brazil

Aguapei

Atlantic Ocean

Fig.1. Map of Sdo Paulo State, with
the study reaches in the Aguapei and
Sao José dos Dourados watersheds in-
dicated by black dots. The smaller map
shows the location of Sdo Paulo State

in Brazil.
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Fig. 2. Schematic drawing of the experimental design in each of the two rivers. Three colonisation baskets were exposed in both
river margins at each of the three sampling sites within each study reach (distance between baskets 0.2—1.3 m). For more details

see text.

The catchment of the Aguapei River has an area of
12,200 km? and an annual rainfall of 1200 mm (average across
10 years; Groppo et al. 2001). The main land uses in the catch-
ment are cattle farms (73.5 %) and perennial cropland (4.2 %);
indigenous forest on conservation land comprises 12.6 %, and
urban areas 0.7 %. Aguapef River, the main river, is a 7" order
river of 468 km length. At the study reaches, the river was about
48 m wide and 1.5 m deep in the main channel (during the dry
season, n = 18 for both measures, see below), with a mean an-
nual discharge of 83.6 m*/sec (Groppo et al. 2001).

Because of the downstream drifting behaviour of larval
midges (Armitage et al. 1995, Schreiber 1995, Merritt & Cum-
mins 1996) and the downstream transport of dissolved nutrients
and/or pollutants, the human land use practices in the riparian
zones upstream of our study reaches should be most relevant
for the midge communities at the reaches. Therefore, we deter-
mined the catchment area above our study reaches (3,611 km?)
and re-calculated the percentage of each land use in this sub-
catchment. Once again, pasture was the dominant land use
(70.9 % of the sub-catchment), followed by indigenous forest
(16.1 %), perennial cropland (5.7 %) and urban areas (0.9 %).

Sao José dos Dourados River (henceforth called Sao José
River) belongs to the homonymous catchment that is situated in
the northwestern region of the State of Sao Paulo. This catch-
ment has a total area of 5,159 km? and an annual average rainfall
of 1,300 mm, is dominated by agrosystems (pasture, sugarcane
and other crop plantations, 90.7 % of the total area), followed
by indigenous forest (6.9 %) and urbanisation (0.6 %). At the

study reaches, the river was about 22 m wide, had a maximum
depth of 1.2m in the main channel during the dry season and
an annual discharge of 30.6 m*/sec (average across 10 years,
Groppo et al. 2001). Sdo José River is a 6™ order river of 301 km
length. The sub-catchment of Sdo José River upstream of our
study reaches (area 1081.1km?) was dominated by cattle pas-
ture (75.6 %), followed by indigenous forest (9.9 %), perennial
cropland (5.6 %) and urban areas (0.7 %).

The investigated forest reaches in the Aguapei River were
located at 50°26 71”W and 21°70 47”S, and pasture reaches at
50°28 37”°W and 21°70 88”S. The corresponding coordinates of
forest and pasture reaches in the Sao José River were 20°32 14”’S
and 50°01 25”W, and 20°32 28”S and 50°01 46”W.

Width measurements of both rivers were taken once per
month during 18 months, at the same locations where two state
environmental agencies (Company of Technology on Environ-
mental Sanitation [CETESB] and Department of Water and
Electrical Energy [DAEE]) regularly obtain rainfall data and
measure river discharge.

Plastic baskets (30cm x 15cm x 8 cm, mesh size 2.0 cm)
filled with commercially produced clay rocks (Cinexpan Indus-
try and Commerce of Clay Rocks Ltd, Véarzea Paulista, Brazil)
were used as artificial substrates for colonising Chironomi-
dae. Clay rocks were classified as coarse gravel (particle size
16-32 mm) after Gordon et al. (1992). The clay rocks were
slightly larger than the natural substrata in the beds of both
rivers, which consisted of sand (particle size 0.06—2 mm), silt
(0.004-0.06 mm) and clay (0.004—-0.0002 mm) in the following
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percentages: Aguapei River 74 % sand, 16 % silt and 10 % clay,
Sdo José River 91 % sand, 4 % silt and 5 % clay (averages of
three replicate substratum samples per river collected with an
Eckman dredge in January, March, May, July and September
2002).

Based on the recommendations of several methodological
studies (Lammert & Allan 1999, Solimini et al. 2000, Cuftney
et al. 2002), three criteria were used when selecting our study
reaches. To prevent any interference of pasture practices on wa-
ter chemistry, forest reaches had to be situated upstream of the
pasture reaches. Both land use types had to be present for at
least 500 m length along the river bank in both rivers margins
above and alongside each study reach (Fig.2). Moreover, the
riparian forest strips at the forest reaches had to be at least 50 m
wide. Upstream of the forest strips (which were less than 1 km
long in both rivers), both forest reaches had pasture land use.
All study reaches were 300 m long. Within each study reach,
three sampling sites were selected in 150 m distance from each
other (Fig.2). At each site, three baskets filled with artificial
substrates were placed randomly in both rivers margins (with
0.2-1.3 m distance between individual baskets), resulting in 18
baskets per land use and 36 baskets per river. At all sites, bas-
kets were exposed in riffle habitats with similar water depth
and current velocities. No baskets were exposed in the main
channels of both rivers because this was logistically impossible.

Further, riparian land use practices may be especially relevant
for the aquatic communities inhabiting the margins of larger
rivers because effects of riparian forests (e.g. shading, leaf litter
input, reduced surface runoff during storms) should be greater
in these margins than in mid-river.

In both rivers, substratum baskets were exposed during the
last 44 days of the dry season (from 31 August to 13 Octo-
ber 2002). This period is generally considered long enough for
the colonising insect assemblage to reach an equilibrium (Mi-
haljevic et al. 1998, Duxbury 2003). After this colonisation pe-
riod, the artificial substrates in the baskets were removed from
the rivers, placed into plastic containers, preserved with 80 %
ethanol, and transported to the laboratory.

Out of the 18 baskets exposed in each land use at each river,
twelve baskets could be retrieved at the forest and twelve from
pasture reaches of Aguapei River, whereas nine could be sam-
pled at the forest reach and 15 at the pasture reach of Sdo José
River, resulting in a total of 48 samples. The remaining bas-
kets were lost due to vandalism. Because these losses resulted
in unequal numbers of baskets collected at each of the three
sites within each study reach, we decided to pool the remaining
samples from each entire reach in the statistical analysis (see
below).

In the laboratory, each sample was washed under running
water and all invertebrate and organic material was retained us-

Table 1. Relative abundances of midge taxa found in the two study rivers (per cent contributions to total midge density at each
reach). Bold numbers represent taxa contributing > 10 % to total midge density at a given reach.

Taxon Functional feeding group Aguapei River Sdo José River
Pasture Forest Pasture Forest

Beardius spp. Grazer (scraper) 0.1 0.0 0.1 0.0
Chironomus spp. Filter feeder 0.0 0.0 1.2 23
Cryptochironomus spp. Predator 1.1 4.2 0.0 0.0
Dicrotendipes spp. Collector-gatherer 0.0 0.0 0.0 0.3
Endotribelos spp. Shredder 0.3 0.0 0.0 0.0
Fissimentum spp. Collector-gatherer 0.0 0.3 0.0 0.3
Goeldichironomus spp. Filter feeder 0.0 0.0 0.0 4.2
Lauterborniella spp. Collector-gatherer 0.0 0.0 1.2 1.7
Parachironomus spp. Collector-gatherer 0.4 0.7 0.0 1.1
Pol. (Polypedilum) spp. Collector-gatherer 0.8 1.9 0.0 0.3
Stenochironomus spp. Shredder 0.0 0.0 0.3 0.0
Zavreliella spp. Collector-gatherer 0.8 0.5 0.0 0.8
Pseudochironomus spp. Collector-gatherer 0.0 2.7 0.0 0.0
Rheotanytarsus spp. Filter feeder 59.8 42.5 41.2 12.7
Tanytarsus obiriciae Strixino & Sonoda, 2006 Collector-gatherer 0.0 0.0 7.3 9.6
Corynoneura spp. Collector-gatherer 7.1 4.6 1.1 34
Lopescladius spp. Collector-gatherer 8.3 24.3 0.3 1.1
Nanocladius spp. Collector-gatherer 14.7 8.3 21.2 204
Ablabesmyia spp. Predator 2.8 5.6 124 371
Coelotanypus spp. Predator 0.0 0.0 0.2 0.3
Denopelopia spp. Predator 0.0 0.3 0.2 0.0
Labrundinia spp. Predator 1.2 0.8 5.1 2.8
Larsia spp. Predator 0.5 1.5 1.1 1.1
Pentaneura spp. Predator 1.1 1.7 0.3 0.3
Djalmabatista spp. Predator 0.0 0.2 0.1 0.0
Morphotype M Unknown 0.8 0.0 0.0 0.0
Morphotype Y Unknown 0.1 0.0 0.0 0.0
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ing a sieve with a mesh size of 0.2 mm (Trivinho-Strixino &
Strixino 1998). The material retained in the sieve was placed
inside clear plastic trays over a trans-illuminator (a wooden box
covered with transparent plastic and lit up by two lamps un-
derneath), and all Chironomidae in each sample were sorted
and preserved in 70 % alcohol (Pinder 1989). The larvae were
counted and identified to the genus level using a stereomicro-
scope and a microscope (both manufactured by Leica Microsys-
tems AG, Wetzlar), and a key developed for Brazil’s southeast-
ern region (Trivinho-Strixino & Strixino 1995). Midge numbers
in each sample were then extrapolated to densities per m* by
multiplying with a factor based on the horizontal surface of the
colonisation baskets (30 x 15 cm).

Data analysis

As biological response variables, we selected total density of
midges, midge taxon richness, Rényi’s diversity index (T6th-
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mérész 1995; calculated using 2 as the base for the logarithm)
and Margalef’s evenness index (Odum 1984), densities of the
five most common midge genera (which also had to be present
in more than 50 % of all 48 samples), and relative abundances
of each of the five trophic guilds (collector-gatherers, filter
feeders, predators, shredders and grazers, Merritt & Cummins
1996). All response variables were analysed using a nested
3-way Analysis of Variance (ANOVA) in SPSS® version 15.0.
The factors included in the analysis were ‘land use’ as the fixed
factor, ‘river’ as a random factor, and ‘sample position’ (1-15;
the location of each sample determined from downstream to
upstream) as a nested factor within ‘land use’.

To correct for potential effects of midge abundance on com-
munity diversity (see McCabe & Gotelli 2000), we also deter-
mined abundance-corrected taxon richness by using total midge
abundance as the covariate in a nested 3-way Analysis of Co-
variance (ANCOVA) on midge taxon richness. This procedure
standardized taxon richness to the overall average number of
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Fig. 3. Total density of Chironomidae per square metre, midge taxon richness (per sample), Rényi’s diversity and Margalef’s even-
ness at the two reach types within each river. For more details see text.
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midges across all samples. We used ANCOVA here rather than
the rarefaction technique used by McCabe & Gotelli (2000) be-
cause several of our samples contained very few (1-3) midge
individuals and rarefaction based on the smallest sample would
have resulted in uniformly low taxonomic richness across all
samples.

Data were log-transformed where necessary to improve nor-
mality and homoscedasticity. Two samples (one from each land
use category in the Aguapei River) had to be omitted from the
analyses of Rényi’s diversity and Margalef’s evenness because
they contained only a single individual. To help avoid type II
errors, we report exact P-values for all results and statistical
power for all cases where 0.10 > P >0.05 (Toft & Shea 1983).

The results for the nested factor ‘sample position’ are pre-
sented (see Table 2 below) but not discussed any further because
they merely indicate if the values of a given response variable
differed between any of 9—15 sampling locations across the
four reaches (regardless of land use type), and such differences
are irrelevant to our research objectives.

Results

A total of 5,286 midge individuals were sorted and
identified from both rivers, comprising 25 genera
and two morphotypes (Table 1). The five most com-
mon genera (Rheotanytarsus spp., Nanocladius spp.,
Corynoneura spp., Lopescladius spp. and Ablabes-
myia spp.) represented 88 % of all individuals in the
48 samples. Total midge density, “raw” taxon richness

(uncorrected for midge abundance), abundance-cor-
rected taxon richness and Margalef’s evenness were
all similar across land use categories and rivers (Fig. 3,
Table 2). Rényi’s diversity of the midge community
was significantly higher in the Sdo José River than in
the Aguapei River (Fig. 3, Table 2).

Three of the five most common midge genera
(Rheotanytarsus spp., Nanocladius spp. and Corynon-
eura spp.) were more abundant at the pasture than at
the forest reaches (Fig. 4, Table 2). Nanocladius was
also more abundant in the Sdo José River than in the
Aguapei River (P = 0.06, power = 0.46). Densities of
the remaining two genera were not affected by land
use but differed between rivers, with higher values of
Lopescladius in the Aguapei River and Ablabesmyia in
the Sao José River.

The dominant midge genera also influenced the
density distributions of the functional feeding groups,
because filter feeders included Rheotanytarsus, preda-
tors Ablabesmyia and collector-gatherers Nanocla-
dius, Corynoneura and Lopescladius (see Table 1).
Therefore, we standardized the feeding group data
by expressing them as relative abundances (per cent
contributions to total midge density in each sample).
Shredders and grazers were generally rare, each con-
tributing less than 1 % of total midge abundance.

Table 2. Summary (P-values) of nested 3-way ANOVAs comparing total midge density, taxon richness, densities of the most com-
mon taxa and relative abundances (per cent contributions to total midge abundance per sample) of the five functional feeding groups
between land uses and rivers. ‘Land use’ was the fixed factor in the analysis, ‘river’ a random factor, and the factor ‘sample position’
(1-15) was nested within ‘land use’. * P <0.05, ** P <0.01. Statistical power is given for all results where 0.05 < P <0.10. A =
Aguapei River, SJ = Sdo José River. The ANOVA model was intercept (degrees of freedom 1) + land use (1) + river (1) + sample

(land use) (25) + error (20). N = 48.

Land use Ranking River Ranking Sample
(land use)

Total Chironomidae 0.11 0.24 0.89
Midge taxon richness 0.65 0.35 0.47
Abundance-corrected midge taxon rich- 0.21 1.0 0.56
ness (ANCOVA), P <0.0001 for covariate

log (total Chironomidae)

Rényi’s diversity 0.69 0.02* SI>A 0.30
Margalef’s evenness 0.42 0.14 0.36
Rheotanytarsus spp. 0.02* Pasture > forest 0.44 0.87
Nanocladius spp. 0.007* Pasture > forest 0.06/0.46 SI>A) 0.89
Corynoneura spp. 0.03* Pasture > forest 0.53 0.95
Lopescladius spp. 0.31 0.0001** A>SJ 0.24
Ablabesmyia spp. 0.35 0.001** SI>A 0.79
Collector-gatherers 0.50 0.09/0.40 (A>SJ)) 0.45
Filter feeders 0.31 0.81 0.77
Predators 0.08/0.42 (Forest > pasture) 0.05/0.51 SI>A 0.85
Shredders 0.07/0.44 (Pasture > forest) 0.56 0.15
Grazers (Scrapers) 0.31 0.14 0.33
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The relative abundances of collector-gatherers,
filter feeders and grazers were all similar across land
uses and rivers (Fig. 5, Table 2), except that collector-
gatherers were relatively more common in the Aguapei
River (P = 0.09, power = 0.40). By contrast, predators
were relatively more abundant at forest reaches than
at pasture reaches (P = 0.08, power = 0.42), whereas
the opposite pattern occurred for shredders, which
were absent at forest reaches (P = 0.07, power = 0.44).
Predators also made up a higher percentage of total
midge density in the Sao José River (P = 0.05, power
=0.51).

Discussion

Midge communities in forest and pasture reaches

Our results add new knowledge about effects of hu-
man land use activities on Chironomidae assemblages
in large Brazilian rivers. They also contrast with the
majority of findings of earlier research on the contri-
bution of riparian forests to the maintenance of healthy
rivers (e.g. Friberg et al. 2005, Cetra & Petrere 2007,
Momoli et al. 2007, Muotka & Syrjdanen 2007). Be-
cause of these findings, we had expected the midge
communities at our pasture reaches to be less healthy
and diverse than at the forested reaches. However,
none of the investigated five midge community param-
eters differed significantly between the two land uses,
and three of the dominant midge genera were actually
more common at the pasture sites. These results may
indicate that land-use related changes in habitat condi-
tions were not severe enough to represent a stressor
(with negative effects) for the midge community, but
rather acted as a subsidy, with mainly positive effects
(see Niyogi et al. 2007a). Although we did not meas-
ure nutrient levels at our study reaches, many studies
worldwide have shown that nutrient levels generally
rise with increasing degree of catchment development
(see e.g. Riley et al. 2003, Turner et al. 2003, Allan
2004, Niyogi et al. 2007a, 2007b), with moderate nu-
trient enrichment in pasture streams (Buck et al. 2004,
Matthaei et al. 2006), and such moderate increases in
nutrient levels may have been beneficial for the three
midge taxa that increased in density at our pasture
sites. For Brazilian fish communities, our results are
paralleled by those of Gerhard (2005) who found that
fish community richness was higher in the absence of
riparian forest in a survey of 60 stream sites that dif-
fered in their riparian land use (forest, pasture and ar-
eas affected by erosion).

One might argue that our inability to find degrad-
ed midge communities at the pasture sites was partly
caused by the relatively low level of replication (only
two sites in each land use category), which was re-
stricted by the availability of large river sites that ful-
filled the selection criteria described in the Methods
and the overall logistical effort involved. Neverthe-
less, we would like to emphasize that our design was
powerful enough to detect several significant differ-
ences between land use categories (and/or study riv-
ers; see Table 2), and none of these differences can
be interpreted as a negative effect of the pasture land
use. Consequently, we feel that our results are valid, in
spite of this limitation of our study design.

In contrast to our findings, Marques et al. (1999)
found a decrease in Chironomidae richness in Brazil-
ian watersheds impacted by human land uses (iron and
gold mining and Eucalyptus plantations), where midge
communities were dominated by Chironomus spp., a
genus known world-wide to be highly resistant to pol-
lution. Similarly, Ometto et al. (2000, 2004) found that
invertebrate communities in Sdo Paulo State were gen-
erally most diverse in forested rivers, with decreasing
diversity as human land-use activities increased. Corbi
(2006) and Corbi & Trivinho-Strixino (2006) studied
the midge fauna inhabiting streams surrounded by sug-
ar cane crops in the same region of Brazil. They also
observed that midge taxon richness was lower at sites
that had lost their riparian forests. When compared to
these five studies, the results from our present research
may imply that pasture grazing by cattle is less harm-
ful for lotic midge communities in Brazilian rivers
than some other human land uses. Alternatively, the
relatively large size and discharge of our two study riv-
ers (6™ and 7" order) may have moderated the effects
of the land-use change on the aquatic community (due
to efficient dilution of potentially harmful substances
entering the rivers), because the streams investigated
in the other five Brazilian studies were all consider-
ably smaller (1* to 3" order).

Evidence for the value of riparian forests for pre-
serving biological water quality also exists from oth-
er regions of the world (see e.g. Bastian et al. 2007,
Dallas 2007, Galbraith et al. 2008). For instance, in a
study of 3" and 4"-order streams in the USA, Burcher
& Benfield (2006) emphasized the influence of water-
shed land-use practices on in-stream physical features
and (indirectly) on river biota. In Japan, Nakamura &
Yamada (2005) studied the importance of riparian for-
est along pasture farms and found the same pattern as
in the five Brazilian studies cited above. Finally, the
positive influence of riparian forest on faunal diversity



182 K. C. Sonoda et al.

has been documented not only for aquatic organisms.
For example, Smith & Wachob (2006) investigated
the importance of streamside forests for birds in the
USA and found that forest clear-cutting practices were
harmful for richness and diversity of the bird commu-
nity.

Functional feeding groups

Our second research objective concerned the func-
tional feeding groups within the Chironomidae. We
expected a relative increase of grazers and a decrease
of shredders at pasture sites. Grazers should increase
due to a higher primary production of benthic algae
caused by increased irradiation, resulting in more food
for grazers. Shredders should decrease due to a lack of
allochthonous input of organic material from riparian
forests into the rivers. Our results for the relative abun-
dances of the functional feeding groups (a few trends
approaching significance but no significant differences
between land uses) do not support these two hypoth-
eses, possibly because both feeding groups made up
only a small proportion of the midge communities in
the two rivers. Instead, midge communities were dom-
inated by filter feeders and collector-gatherers, and
predators were also important.

So why were grazing and shredding midges so rare
in our study rivers? Midge grazers may have been rare
because the bed surface in both rivers was dominated
by sand (see Methods) and other grazing invertebrates,
such as mayflies and snails, generally prefer coarser
substrata (e.g. Gonser 1997, Lysne & Koetsier 2006),
presumably because the benthic algae they feed on
tend to be more abundant on larger bed particles. For
non-midge shredders, England & Rosemond (2004)
found that a decline in the number of shredders in sev-
eral North American streams was associated with low
standings stocks of coarse particulate matter. However,
regular field observations during our study period indi-
cated that densities of fallen leaves were quite high at
the forest reaches of both rivers: about 40-50 % of the
bed surface in the river margins (where the colonisa-
tion baskets were exposed) was covered by leaves and
branches (K. C. Sonoda, pers. observ.). Consequently,
there was no lack of food for shredders in the loca-
tions where the baskets were exposed, in spite of the
relatively large size of the investigated rivers (6" and
7" order).

It may be that shredders are generally quite rare in
many South American streams and rivers, similar to
certain other regions of the world, such as in New Zea-
land (see e.g. Winterbourn et al. 1981). For instance,

Mathuriau & Chauvet (2002) investigated the break-
down of leaf litter in a Colombian stream and found
that shredders played an insignificant role in this proc-
ess. Callisto et al. (2001, 2004) found low densities
of shredders at 2"-5" order stream sites surrounded
by riparian forest in a Brazilian national park during
both the dry and the rainy seasons. Finally, Buss et
al. (2002) also observed that shredders were rare in
another Southeast Brazilian river.

Conclusions and outlook

Further studies are necessary to establish a clearer
picture of the effects of land use changes on Chirono-
midae communities in Brazilian rivers. Nevertheless,
our study adds to the emerging body of research in-
vestigating the importance of riparian forests for the
maintenance of aquatic biodiversity in Brazil. In fu-
ture research, midges should ideally be identified to
the species level, and analysis of gut contents would
also be desirable. Further, more replicates at the site/
river level should be used where logistically feasible.
Finally, investigating the entire aquatic community
(i.e. including other invertebrates and fish communi-
ties) rather than focusing exclusively on the midges
may increase overall power to detect differences be-
tween land use categories.

Acknowledgements

We gratefully acknowledge the contributions of the following
institutions or individuals to our research project: FAPESP
(State of Sdo Paulo Research Foundation) through the Biota/
FAPESP Program (Proc. N° 00/14242-6), Vice-Rectorate of
Post-Graduate Studies at the University of Sdo Paulo, Profes-
sor Colin Townsend and Jay Piggott (University of Otago), Dr
Alexandre Silva, Dr Marcos Salomio, Dr Silvio Ferraz, staff
members of the Isotope Ecology Laboratory — CENA/USP and
staff members of the Administration Building of “Luiz de Quei-
roz” Agricultural College. The comments of two anonymous
referees resulted in substantial improvement of this manu-
script.

References

Aguiar, F. C., Ferreira, M. T. & Pinto, P., 2002: Relative in-
fluence of environmental variables on macroinvertebrate as-
semblages from an Iberian basin. — J. N. Amer. Benthol. Soc.
21:43-53.

Allan, J. D., 2004: Landscapes and riverscapes: The influence
of land use on stream ecosystems. — Annu. Rev. Ecol. Evolut.
Syst. 35: 257-284.

Armitage, P. D., Cranston, P. S. & Pinder, L. C. V. (eds), 1995:
The Chironomidae. Biology and ecology of non-biting midg-
es. — Chapman & Hall, London, 800 pp.



183

Midge communities in two Brazilian rivers

Azevedo, C. M. A., 2000: Decisdo De Preservar: O Caso Da
Mata Ripéria No Médio Rio Jaguari-Mirim, SP. Selo Univer-
sidade. — Meio Ambiente 128: 1-105.

Bastian, M., Boyero, L., Jackes, B. R. & Pearson, R. G., 2007:
Leaf litter and shredder preferences in an Australian tropical
rain-forest stream. — J. Trop. Ecol. 23: 219-229.

Buck O., Niyogi D. K. & Townsend, C. R., 2004: Scale-de-
pendence of land use effects on water quality of streams in
agricultural catchments. — Environ. Poll. 130: 287-299.

Burcher, C. L. & Benfield, E. F., 2006: Physical and biologi-
cal responses of streams to suburbanization of historically
agricultural watersheds. — J. N. Amer. Benthol. Soc. 25:
356-369.

Buss, D. F, Baptista, D. F., Silveira, M. P., Nessimian, J. L. &
Dorvillé, L. F. M., 2002: Influence of water chemistry and
environmental degradation on macroinvertebrate assemblag-
es in a river basin in south-east Brazil. — Hydrobiologia 481:
125-136.

Callisto, M.,Goulart, M., Medeiros, A. O., Moreno, P. & Rosa,
C. A, 2004: Diversity assessment of benthic macroinverte-
brates, yeasts, and microbiological indicators along a longi-
tudinal gradient in Serra do Cipd, Brazil. — Braz. J. Biol. 64:
743-755.

Callisto, M., Moreno, P. & Barbosa, F. A. R., 2001: Habitat
diversity and benthic functional trophic groups at Serra do
Cip6, Southeast Brazil. — Rev. Brasil. Biol. 61: 259-266.

Cetra, M. & Petrere Jr., M. 2007: Associations between fish
assemblage and riparian vegetation in the Corumbatai River
Basin (SP). — Braz. J. Biol. 67: 191-195.

Collier, K. J., Smith, B. J. & Baillie, B. R., 1997: Summer light-
trap catches of adult Trichoptera in hill-country catchments
of contrasting land use, Waikato, New Zealand. — N. Z. J.
Mar. Freshwat. Res. 31: 623-634.

Corbi, J. J., 2006: Influéncia de praticas de manejo de solo so-
bre os macroinvertebrados aquéticos de corregos: énfase para
o cultivo de cana-de-agucar. — PhD thesis. PPG - Ecologia e
Recursos Naturais - Universidade Federal de Sao Carlos. Sao
Carlos, Brazil. 93 pp.

Corbi, J. J. & Trivinho-Strixino, S., 2006: Influence of taxo-
nomic resolution of stream macroinvertebrate communities
on the evaluation of different land uses. — Acta Limnol. Brasil
18: 469-475.

Cuffney, T. F, Gurtz, M. E. & Meador, M. R. (eds), 2002:
Methods for collecting benthic invertebrate samples as part
of the National Water-Quality Assessment Program. — U. S.
Geological Survey (online; www.usgs.org)

Dallas, H. F.,, 2007: The influence of biotope availability on
macroinvertebrate assemblages in South African rivers: im-
plications for aquatic bioassessment. — Freshwat. Biol. 52:
370-380.

Davies-Colley, R. J., 1997: Stream channels are narrower in
pasture than in forest. — N. Z. J. Mar. Freshwat. Res. 31:
599-608.

Ditt, E. H., 2000: Diagnéstico da Conservagdo e das Ameacas
e Fragmentos Florestais do Pontal do Paranapanema, Sdo
Paulo. — MSc thesis, Universidade de Sdo Paulo, SP, 97 pp.

Dudgeon, D., 1999: Tropical Asian streams. Zoobenthos, ecol-
ogy and conservation. — Hong Kong University Press, Hong
Kong, 830 pp.

Duxbury, C., 2003: The use of previously colonized multiplate
artificial substrates in experimental microcosms. — J. Fresh-
wat. Ecol. 18: 459-464.

Edgar, N. B., 1999: Land use in the Taupo catchment, New Zea-
land. — N. Z. J. Mar. Freshwat. Res. 33: 375-383.

England, L. E. & Rosemond, A. D., 2004: Small reductions in
forest cover weaken terrestrial-aquatic linkages in headwater
streams. — Freshwat. Biol. 49: 721-734.

Ferreira, R. L. & Horta, L. C. S., 2001: Natural and human
impacts on invertebrates communities in Brazilian caves. —
Braz. J. Biol. 61: 7-17.

Ferreira-Perruquetti, P. & Fonseca-Gessner, A. A., 2003: Comu-
nidade de Odonata (Insecta) em areas naturais de Cerrado e
monocultura no noroeste do Estado de Sao Paulo, Brasil: re-
lagdo entre o uso do solo e a riqueza faunistica. — Rev. Brasil.
Zool. 20: 219-224.

Friberg, N., Baattrup-Pedersen, A., Pedersen, M. L. & Skriver,
J., 2005: The new Danish stream monitoring programme
(NOVANA) — preparing monitoring activities for the water
framework directive era. — Environ. Monitor. Assessm. 111:
2742

Galbraith, H. S., Vaughn, C. C. & Meier, C. K., 2008: Envi-
ronmental variables interact across spatial scales to structure
trichopteran assemblages in Ouachita Mountain rivers. —-Hy-
drobiologia 596: 401-411.

Gerhard, P., 2005: Comunidades de peixes de riachos em
funcdo da paisagem da bacia do rio Corumbatai, Estado de
Sao Paulo. — PhD thesis. PPGI - Ecologia de Agroecossiste-
mas - USP. Piracicaba, SP, 241 pp.

Gongalves, R. N. (ed.), 1997: Diagnéstico ambiental da Bacia
do rio Jequitinhonha. Diretrizes gerais para a ordenacdo ter-
ritorial. — IBGE. Salvador, BA, 64 pp.

Gonser, T., 1997: Substrate preferences and activity patterns of
two Leptophlebiidae (Ephemeroptera) species from southern
Chile. — Limnologica 27: 281-299.

Gordon, N. D., McMahin, T. A. & Finlayson, B. L., 1992:
Stream hydrology. An introduction for ecologists. — John Wi-
ley & Sons, Chichester, 526 pp.

Groppo, J. D., Milde, L. C., Moraes, J. M., Guandique, E. M.
& Martinelli, L. A., 2001: Andlise da vazdo e da precipitacdo
na bacia do rio Piracicaba: Detec¢do de sinais devido a inter-
vengdes antrépicas. — RECITEC 9: 109-117.

Hall, D. L., Bergthold, B. S. & Sites, R. W., 2003: The influence
of adjacent land uses on macroinvertebrate communities of
prairie streams in Missouri. — J. Freshwat. Ecol. 18: 55-68.

Herlihy, A. T., Gerth, W.J., Li, J. & Banks, J. L., 2005: Macroin-
vertebrate community response to natural and forest harvest
gradients in western Oregon headwater streams. — Freshwat.
Biol. 50: 905-919.

Iwata, T., Nakano, S. & Inoue, M., 2003: Impacts of past ripar-
ian deforestation on stream communities in a tropical rain
forest in Borneo. — Ecol. Appl. 13: 461-473.

Lammert, M. & Allan, J. D., 1999: Assessing biotic integrity of
streams: effects of scale in measuring the influence of land
use/cover and habitat structure on fish and macroinverte-
brates. — Environ. Manage. 23: 257-270.

Lysne, S. & Koetsier, P., 2006: Experimental studies on habitat
preference and tolerances of three species from snails from
the Snake River of southern Idaho, USA. — Amer. Malacol.
Bull. 21: 77-85.

Marques, M. M., Barbosa, F. A. R. & Callisto, M., 1999: Dis-
tribution and abundance of Chironomidae (Diptera, Insecta)
in an impacted watershed in south-east Brazil. — Rev. Brasil.
Biol. 59: 553-561.


http://www.usgs.org

184 K. C. Sonoda et al.

Matthaei, C. D., Weller, E,, Kelly, D. W. & Townsend, C. R.,
2006: Impacts of fine sediment addition to tussock, pasture,
dairy and deer streams in New Zealand. — Freshwat. Biol.
51: 2154-2172.

Mathuriau, C. & Chauvet, E., 2002: Breakdown of leaf lit-
ter in a neotropical stream. — J. N. Amer. Benthol. Soc. 21:
384-396.

McCabe, D. J. & Gotelli, N. J., 2000: Effects of disturbance
frequency, intensity, and area on assemblages of stream mac-
roinvertebrates. — Oecologia 124: 270-279.

Merritt, R. W. & Cummins, K. W., 1996: An introduction to the
aquatic insects of North America. — Kendall/Hunt Publishing
Co., 826 pp.

Michailova, P. V., Ilkova, J. & White, K., 2003: Cytogenetic
alterations in Prodiamesinae species (Diptera, Chironomi-
dae) from different polluted regions. — Folia Biol. Cracow
51: 69-79.

Mihaljevic, Z., Kerovec, M., Tavcar, V. & Bukvic, 1., 1998:
Macroinvertebrate community on an artificial substrate in the
Sava river: Long-term changes in the community structure
and water quality. — Biol. Bratislava 53: 611-620.

Momoli, R. S., Cooper, M. & Castilho, S. C. P., 2007: Sediment
morphology and distribution in a restored riparian forest. —
Sci. Agric. (Piracicaba, Brazil) 64: 486-494.

Muotka, T. & Syrjénen, J., 2007: Changes in habitat structure,
benthic invertebrate diversity, trout populations and ecosys-
tem processes in restored forest streams: a boreal perspec-
tive. — Freshwat. Biol. 52: 724-737.

Nakamura, F. & Yamada, H., 2005: Effects of pasture devel-
opment on the ecological functions of riparian forests in
Hokkaido in northern Japan. — Ecol. Engineer. 24: 539-550.

Niyogi, D. K, Koren, M., Arbuckle, C. J. & Townsend, C. R.,
2007a: Stream communities along a catchment land-use gra-
dient: subsidy-stress responses to pastoral development. —
Environ. Manage. 39: 213-225.

— — — — 2007b: Longitudinal changes in biota along four New
Zealand streams: declines and improvements in relation to
land use. — N. Z. J. Mar. Freshwat. Res. 41: 63-75.

Odum, E. P, 1984: Ecologia. — Ed. Guanabara, Rio de Janeiro,
RJ, 434 pp.

Ometto, J. P., Gessner, A., Martinelli, L. A., Bernardes, M. C.,
Krusche, A. W. & Camargo, P. B., 2004: Macroinvertebrate
community as indicator of land-use changes in tropical water-
sheds, southern Brazil. — Ecohydrol. Hydrobiol. 4: 35-47.

Ometto, J. P., Martinelli, L. A., Ballester, M. V., Gessner, A.,
Krusche, A. W., Victoria, R. L. & Williams, M., 2000: Ef-
fects of land use on water chemistry and macroinvertebrates
in two streams of the Piracicaba river basin, south-east Bra-
zil. — Freshwat. Biol. 44: 327-337.

Perry, C. D., Vellidis, G., Lowrance, R. & Thomas, D. L., 1999:
Watershed-Scale Water Quality Impacts of Riparian Forest
Management. — J. Water Resour. Plan. Manage. 125: 117-
125.

Pinder, L. C. V,, 1989: 1. The adult males of Chironomidae
(Diptera) of the Holartic Region — Introduction. — In: Wied-
erholm, T. (ed.): Chironomidae (Diptera) of the Holartic Re-
gion. Keys and diagnoses. Part 3 — Adult males. — Entom.
Scand. Suppl. 34: 5-9.

Riley, R. H., Townsend, C. R., Niyogi, D. K., Arbuckle, C. A. &
Peacock, K. A., 2003: Headwater stream response to grass-

Submitted: 29 November 2007; accepted: 30 June 2008.

land agricultural development. — N. Z. J. Mar. Freshwat. Res.
37: 389-403.

Rodrigues, R. R., 1999: A vegetagdo de Piracicaba e municipios
de entorno. — Circular técnica IPEF, 189 pp.

Schreiber, E. S. G., 1995: Stream drift of Chironomidae: Diel
and seasonal patterns in the Acheron River, Victoria, Aus-
tralia. — In: Cranston, P. (ed.): Chironomids. From genes
to ecosystems. — CSIRO Australia Publishers, Australia,
pp. 205-212.

Secretaria do Meio Ambiente (SMA), 2005: Projeto de recuper-
acdo de matas ciliares. http://www.sigam.ambiente.sp.gov.
br/Sigam?2/Repositorio/126/Documentos/AB2_Albertura_
Kathia_MetoAvalComBentonica.pdf

Simdes, L. B., Ribeiro, F. L., Dainese, R. C., Cardoso, L. G. &
Campos, S., 2002: Priority areas for riparian forest restora-
tion in Southeastern Brazil. — Sci. Forest. 61: 113-121.

Smith, C. M. & Wachob, D. G., 2006: Trends associated with
residential development in riparian breeding bird habitat
along the Snake River in Jackson Hole, WY, USA : Impli-
cations for conservation planning. — Biol. Conserv. 128:
431-446.

Solimini, A. G., Gulia, P., Monfrinotti, M. & Carchini, G.,
2000: Performance of different biotic indices and sampling
methods in assessing water quality in the lowland stretch of
the Tiber River. — Hydrobiologia 422/423: 197-208.

Sonoda, K. C., 2005: Relagdo entre os diferentes usos da terra
de entorno e a composi¢do de insetos aqudticos de quatro
bacias hidrograficas do Estado de Sdo Paulo. — PhD thesis,
PPGI- Ecologia de Agroecossistemas, Universidade de Sdo
Paulo. Piracicaba, Brasil, 124 pp.

Strixino, S. T. & Sonoda, K. C., 2006: Nova espécie de Tany-
tarsus (Insecta, Diptera, Chironomidae) do Estado de Sao
Paulo, Brasil. — Biota Neotrop. 6: (online) http://www.biota-
neotropica.org.br/vén2/pt/abstract?article+bn03506022006.
ISSN 1676-0603

Toft, C. A. & Shea, P. J., 1983: Detecting community-wide pat-
terns: estimating power strengthens statistical inference. —
Amer. Nat. 122: 618-625.

Téthmérész, B., 1995: Comparison of different methods for di-
versity ordering. — J. Veg. Sci. 6: 283-290.

Townsend, C. R., Harper, J. L. & Begon, M., 2000: Essentials
of ecology. — Blackwell Science, Malden, Mass., USA, 552
pp-

Trivinho-Strixino, S. & Strixino, G., 1995: Larvas de Chirono-
midae (Diptera) do Estado de Sdo Paulo: guia de identifi-
cacdo e diagnose dos géneros. — PPG-ERN/ UFSCar. Sao
Carlos - SP., 230 pp.

— — 1998: Chironomidae (Diptera) associados a troncos de ar-
vores submersos. — Revta. Bras. Ent. 41: 173-178.

Turner, R. E., Rabalais, N. N., Justic, D. & Dortch, Q., 2003:
Global patterns for dissolved N, P and Si in large rivers. —
Biochemistry 64: 297-317.

Walsh, C. J., Roy, A. H., Feminella, J. W., Cottingham, P. D.,
Groffman, P. M. & Morgan, R. P., 2005: The urban stream
syndrome: current knowledge and the search for a cure. —J.
N. Amer. Benthol. Soc. 24: 706-723.

Winterbourn, M. J., Rounick, J. S. & Cowie, B., 1981: Are
New-Zealand stream ecosystems really different? — N. Z. J.
Mar. Freshwat. Res. 15: 321-328.



http://www.sigam.ambiente.sp.gov.br/Sigam2/Repositorio/126/Documentos/AB2_Albertura_Kathia_MetoAvalComBentonica.pdf
http://www.sigam.ambiente.sp.gov.br/Sigam2/Repositorio/126/Documentos/AB2_Albertura_Kathia_MetoAvalComBentonica.pdf
http://www.sigam.ambiente.sp.gov.br/Sigam2/Repositorio/126/Documentos/AB2_Albertura_Kathia_MetoAvalComBentonica.pdf
http://www.biotaneotropica.org.br/v6n2/pt/abstract?article+bn03506022006
http://www.biotaneotropica.org.br/v6n2/pt/abstract?article+bn03506022006

