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Abstract. Human activity often has a negative effect on stream quality and the biodiversity of aquatic fauna. The present study investigated the
distribution patterns of aquatic insect populations in the Sentinela stream in Biribiri State Park, Diamantina, Minas Gerais, Brazil, and we correlated
the patterns to possible impacts caused by tourists. We sampled the aquatic insect population few days before and few days after the holidays and
monthly during the year. Fifteen groups of samples were taken from January through December 2011 at four different sites. For each site, three sub-
samples were taken by drifting the entomological net and disturbing the substrate using the kick method. 3601 individuals were collected, and 8 orders
and 41 families were identified. Environmental indices showed excellent water quality for sites 1 and 2, which are minimally affected by tourism and
average water quality for sites 3 and 4, which are highly impacted by tourism. Three of the four holiday periods analyzed showed a significant decrease
in insect abundance after the holiday. The richness and diversity of the aquatic insect fauna did not show seasonal fluctuations, despite differences in
stream flow velocity during the dry and rainy periods. Our results indicated that the disturbances caused by tourism affect directly the diversity and
abundance of aquatic insects in the Sentinela stream. In addition, these insects were suitable for the evaluation of human impacts caused by tourism
in the conservation of freshwater ecosystem.

Keywords: Biodiversity; Brazil; Freshwater; Tourism impact.

O Turismo Impacta os Insetos Aquaticos em um Riacho de Alta Altitude?

Resumo. A atividade humana tem afetado negativamente a qualidade dos ambientes 16ticos e a biodiversidade da fauna aquética. O presente estudo
investigou os padroes de distribuicdo das populacoes de insetos aquaticos no corrego Sentinela no Parque Estadual do Biribiri, Diamantina, Minas
Gerais, Brasil, e correlacionou esses padroes com possiveis impactos causados pelas atividades do turismo. As populagoes de insetos aquaticos foram
amostradas alguns dias antes e alguns dias apos dos feriados e mensalmente durante o ano, totalizando quinze amostras entre os meses de janeiro e
dezembro de 2011 em quatro locais diferentes. Para cada local, foram realizadas trés sub-amostras com a ajuda de rede entomolégica e o substrato
foi revolvido com os pés. Foram coletados 3601 individuos, os quais foram identificados 8 ordens e 41 familias. Por meio dos indices ambientais foi
possivel observar que os pontos 1 e 2 possuem excelente qualidade da 4gua e sdo minimamente afetados pelo turismo, por outro lado os pontos 3
e 4 possuem uma qualidade de 4gua intermediaria e sdo altamente impactados pelo turismo. Trés dos quatro feriados estudados mostraram uma
diminuicdo significativa na abundancia de insetos apds o feriado. A riqueza e a diversidade da fauna de insetos aquaticos ndo mostraram flutuacoes
sazonais, apesar da ocorréncia de diferentes velocidades de vazao durante os periodos seco e chuvoso. Nossos resultados indicaram que os disttrbios
causados pelo turismo afetam diretamente na diversidade e abundancia dos insetos aquaticos no corrego Sentinela. Além disso, esses insetos se
mostraram adequados para a avaliacdo de impactos antropogénicos causados pelo turismo na conservagao de ecossistemas 16ticos.

Palavras-chave: Agua doce; Biodiversidade; Brasil; Impacto do turismo.

is based on the responses of organisms in relation to their

environment. As water bodies are subject to numerous
disturbances, the aquatic biota responds and has different
tolerances to natural or anthropogenic impacts (BARBOUR et
al. 1999). Efforts to protect aquatic ecosystems depend on the
ability to distinguish between the effects of human alteration and
natural variation, making it desirable to categorize the influence
of human alteration on biological systems (CairNs-JR. & PRATT
1993).

Te use of biological parameters to measure water quality
i

Environmental assessments or continuous stream monitoring
contribute to early identification of impacts that can cause serious
and irreversible damage to aquatic ecosystems. However, it is
essential that the tools used in these assessments or monitoring
are sufficiently sensitive to detect small changes in the natural
conditions of the stream. If these tools are only able to detect
heavy impacts or degradation in advanced stages, they will be
ineffective for to measure water quality or environment health
(RopriGuUES et al. 2008).

A valuable tool for evaluating the responses of this biological
system to changes in environmental conditions is the use of
bioindicators, such as aquatic insects (GOuLART & CALLISTO 2003).
Several researchers (e.g., CaruisTo et al. 2001; McGEOCcH 2007;
TupINAMBAS et al. 2014) have demonstrated the advantages of this
group of animals as a biological tool to measure environmental
health because they have several useful features for this purpose:
1 — they are sedentary; 2 — they are collected in most aquatic
environments; 3 — they have short life cycles, which enable
them to more quickly reflect the environmental changes through
alterations in their population structures; 4 — they feed in, on
or around the sediment, where toxins tend to accumulate;
5 — they have great biological diversity, which implies a wide
range of responses to different environmental impacts; 6 —
they are ubiquitous and can respond to disturbances in aquatic
environments at any time of the year; 7 — they are collected using
simple and low-cost sampling methods that do not damage the
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aquatic environment.

Currently, more people are visiting protected areas (e.g., national
and state parks) to experience nature, adventure tourism, and
recreation (BuckrLey 2003). However, tourists can have impacts
and cause environmental degradation if the tourism is not
appropriately managed (Crora & StRAKAYA 2006; Monz et al. 2013).
Human impacts can reduce the number and diversity of taxa in
aquatic insect communities (Kerans & KARR 1994; DINAKARAN &
ANBALAGAN 2007; Monz et al. 2013). Following BuckiLey (2003), the
detection of tourism impacts over a given time period in a given
protected area requires (1) a sampling pattern with non-impacted
control sites as well as sites with impacts and (2) measurements
before, during and after the time period of concern. Thus, the
present study aimed to examine the temporal variations in the
aquatic insect community structure of the Sentinela stream to
relate them to possible impacts of tourism in Biribiri State Park
(PEBI), before and after holidays (immediate changes) and
during the course of the year.

MATERIALS AND METHODS

Study Area. The study was conducted in Biribiri State Park in
the Municipality of Diamantina, Minas Gerais State, Brazil. The
surroundings of the park are subject to intense anthropogenic
pressures such as tourism, riparian deforestation, and permanent
residents within and close to the park, which have impacted
several areas. The aquatic environment selected for this study was
a low order stream called Sentinela stream. The stream channel
tends to be narrow and moderately sinuous, with a rocky bottom
alternating with stretches of sandy bed. The Sentinela stream
enters the main channel of the Ribeirao das Pedras stream, the
main watercourse of the park, only 150 m downstream from the
sampling sites.

The climate in the region (southern part of the Espinhago Range)
is the Cwb type of the Képpen climate classification: mesothermal
with hot rainy summers (from October to April) and cold dry
winters (from June to August). The annual mean precipitation
ranges from 1250 to 1550 mm, and the mean temperature is
approximately 18-19 °C, with a mean annual relative humidity of
75.6% (NEVES et al. 2005).

Sampling. Four sites were chosen for sampling in the Sentinela
stream (Figure 1): site 1 (18°11°09” S-43° 36’55” W; 1134 m above
sea level - asl), site 2 (18°11’02” S-43°37°04” W; 1125 m asl), site
3 (18°11'01” S-43°37°06” W; 1106 m asl) and site 4 (18°10’55”
S-43°37'10” W; 1086 m asl). Site 1 had the best-preserved riparian
vegetation of the four sites, with litter retention, slow flow, mud
substrate, and no waterfalls. Site 2 had better-preserved riparian
vegetation than sites 3 and 4, with litter retention, moderate flow,
and sandy pebble sediment substrate. Sites 3 and 4 had poorly
preserved riparian vegetation, no litter retention, and bottom
substrate composed of sand and small loose stones with sediment.
The first two sites have low-impact tourism (LIT) because they
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lack attractive features for the tourists (waterfalls, pools, etc.)
and are also difficult to access (no trails, rock climbing). The
other two sites are highly impacted by tourism (HIT) because
they have much more attractive features and are easily accessed
by a great number of visitors. The main physical and chemical
features (velocity, conductivity, pH, DO, temperature, width,
depth and sediment) of the stream were measured during three
months in the dry season (June, July and August) and the rainy
season (November, December and January) using appropriate
portable multi-parameter monitoring instruments.

Samples were collected monthly from January through December
2011, except in April, June and November, when the samples were
taken before and after the holidays (after and before Carnival the
samples were taken in February and March, respectively), totaling
15 samples (1: Jan 21, 2: Feb 21, 3: Mar 11, 4: Apr 12, 5: Apr 25, 6:
May 27, 7: Jun 17, 8: Jun 28, 9: Jul 16, 10: Aug 19, 11: Sep 27, 12:
Oct 25, 13: Nov 11, 14: Nov 22, 15: Dec 11). These four holidays
(Carnival: Mar 6-9, Tiradentes: Apr 21-22, Corpus Christi: Jun
23-24, Republic Proclamation: Nov 14-15) were chosen because
each one has, at least, three days attracting a great number of
tourists (much higher than weekdays or weekends) to visit the
park for recreation.

The aquatic insects were collected with an entomological net
(Kick seine) with a 500-um mesh size. At each sampling site,
three sampling units were taken by disturbing the substrate
(stones, litter, sand) using the aquatic net (for details about the
kick method, see Brua et al. 2011) for 1 min, allowing the insects
to drift into the net. Following sorting and identification using a
stereomicroscope, the organisms were preserved in 7% formalin
and deposited in the reference collection of the Laboratory of
Invertebrate Zoology/ UFVJM.

The data for the number of tourists visiting the park were taken
from a survey conducted by rangers of the Instituto Estadual
de Floresta (IEF), from January 2009 through December 2011.
The meteorological data (precipitation) were acquired from the
meteorological station (INMET) located at Diamantina, Minas
Gerais (18°15° S-43°36° W; 1296 m asl).

Data Analysis. The Shannon-Weiner diversity and evenness
(MacurraN 1991) of the sites were compared with t-tests. All
the statistical analyses were performed in PAST 2.16 software
(HamMer et al. 2001, freely available at http://folk.uio.no/

ahammer/past).

An adaptation of the Biological Monitoring Work Party System
(BMWP), modified by ALa-TERCEDOR & SiNcHEZ-ORTEGA (1988)
and JuNQuEIra et al. (2000), and the Average Score Per Taxon
(ASPT) were used to evaluate the biotic integrity of communities.
The BMWP is a system for scoring the pollution tolerance for
invertebrate (benthic macrofauna) families, where pollution-
intolerant families receive high scores, whereas pollution-tolerant
families are given low scores (Cora et al. 2002). The pollution-

Figure 1. Location of the study area indicating the four collection sites (S1, S2, S3 and S4) in the protected area of Biribiri State Park, Diamantina,

Minas Gerais.
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intolerant invertebrates families will receive scores close to 10
and the pollution-tolerant invertebrates families will receive
scores close to 1.The ASPT index is the value of the Biological
Monitoring Working Party index (BMWP) divided by the total
number of families collected and provides a mean index of the
families found in a stream (JACOBSEN et al. 2003).

The t-test was used to evaluate differences of physical variables
between dry and rainy seasons, whereas the stream current
differences of the sampling sites independent of the season were
tested using the Kruskal-Wallis test followed by the post hoc
Student-Newman-Keuls test (p<0.05).

The differences in insect abundance and richness before and
after the holidays were evaluated using a G test (p<0.05). The
differences in insect abundance and richness among the sites
were tested using the Kruskal-Wallis test followed by the post
hoc Student-Newman-Keuls test (p<0.05). The latter test was
also used to check the differences in the BMWP and ASTP
indexes among the sites. The Pearson correlation coefficient
(r), with a significance level of 0.05, was used to evaluate the
correlations between insect abundance and temperature or
richness and temperature, as well as the number of tourists and
insect abundance and richness. All three tests were performed
with BioEstat 5.0 software (AvYres et al. 2007).

RESULTS

Environmental Variables. The stream was characterized
by low depths, slightly acidic waters, high concentrations of
dissolved oxygen, low values of specific conductivity and a current
with strong seasonal differences. Independent of the season, site
1 showed the lowest stream current compared to the other sites
(Table 1).

Grouping the data of the sites and evaluating the seasonal
variation, pH and stream current showed significant differences
between dry and rainy seasons in the four different sites. By
contrast, water temperature showed significant differences in sites
1, 2 and 3, and dissolved oxygen showed significant differences
in sites 1 and 2. The stream segments showed relatively similar
aspects regarding conductivity, as no significant difference was
observed between the two seasons (Table 1).

The parameters of stream current, conductivity and water
temperature showed higher mean values in the rainy season,
whereas dissolved oxygen and pH showed higher mean values in
the dry season (Table 1).

Insect Abundance, Richness, and Stream Quality
Indexes (BMWP and ASPT). 3601 individuals of aquatic
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insects were sampled, representing 8 orders and 41 families
(Table 2). Despite this large number of families, 70% of the
individuals collected belonged to only six families: Naucoridae,
Notonectidae, Hydrophilidae, Gomphidae, Euthyplociidae and
Baetidae.

Neither insect abundance (r=-0.364; p=0.27) nor taxon richness
(r=-0.235; p=0.46) were significantly correlated with monthly
precipitation, although both insects abundance and richness
tended to increase in the dry season (Figure 2A-B).

Regarding the insect abundance and richness at site 1, 2427
individuals belonging to 21 families were collected; at site 2, 687
individuals belonging to 18 families; at site 3, 90 individuals
belonging to 9 families; and at site 4, 405 individuals belonging
to 10 families (Table 3). Naucoridae was the most abundant and
frequent taxon found during the study period and also at all sites.
Baetidae, Chironomidae, Coenagrionidae, Corixidae, Dytiscidae,
Elmidae, Gomphidae, Leptoceridae, Naucoridae, Notonectidae,
Odontoceridae and Tipulidae were also found in all sites, but at
lower abundance (Table 3).

The Shannon—Wiener index for diversity did not differ
significantly (t test, p>0.05) among the four sites. The highest
scores were found for sites 2 and 4 (H'=2.28 and H’=2.40,
respectively) and the lowest scores for sites 1 and 3 (H’=1.95 and
H’=1.80, respectively) (Table 3). Values of the equitability index
showed the same pattern as the diversity index: lowest at site 1
and highest at site 4 (Table 3).

Most taxa occurred in very low numbers throughout the year
(e.g., Belostomatidae, Pleidae, Gerridae, Nepidae, Veliidae,
Hydropsychidae, Xiphocentronidae, Hydrobiosidae). Taxa
present at the four sites consisted of a mixture of high- and low-
BMWP scoring groups (e.g., Odontoceridae: 10, Chironomidae:
2). The BMWP indices obtained for the Sentinela stream indicated
a marked difference between the LIT and HIT sites in the BMWP
scores: sites 1 (218) and 2 (208) had excellent water quality,
site 3 (87) had average water quality, and site 4 (127) had good
water quality (Table 3). Comparisons of the BMWP values among
sampling sites showed that site 1 was significantly different from
site 3 (Kruskal-Wallis, p<0.0001) and site 4 (Kruskal-Wallis,
p=0.006), but not significantly different from site 2 (Kruskal-
Wallis, p=0.769). The same tendency was observed in the ASPT
scores, where the LIT sites had higher scores (site 1: 6.6; site 2:
6.7) than the HIT sites (site 3: 5.4; site 4: 5.5). However, these
differences were not statistically significant (Kruskal-Wallis,
p>0.05).

Impact of Holidays and the Distribution Pattern of
Aquatic Insects. Biribiri State Park received close to 130,000

Table 1. General features (mean + standard deviation) of the Sentinela stream. The samples were collected during three months in the rainy and dry

seasons.
Site 1 Site 2 Site 3 Site 4
Measurements dry rainy dry rainy dry rainy dry rainy
season season season season season season season season
Stream current (m/s) 0.016 + 0.037 + 0.084 + 0.298 + 0.100 + 0.187 + 0.180 + 0.379 +
0.003a 0.011b 0.016a 0.173b 0.051a 0.07b 0.062a 0.202b
oy () 0.003 + 0.005 + 0.003 + 0.005 + 0.002 + 0.005 + 0.005 + 0.008 +
0.001 0.002 0.001 0.003 0.001 0.002 0.002 0.003
5.62 + 4.86 £ 5.80 £ 4.86 6.02 + 4.97 £ 6.55 + 5.33
pH
0.03a 0.25b 0.05a 0.37b 0.16a 0.45b 0.41a 0.71b
. 8.67 + 7.38 £ 8.21 + 6.95 £
Dissolved oxygen (mg/1) 0.98a 0.48b e 0.87b 8.67+1.31 7.25+0.35 8.34+0.62 7.97+0.73
o 20.8 + 21.2 +
Water temperature (°C) 17.7 + 1.20a 0.98b 18.5 + 1.26a 1.04b 17.8 £+ 1.76a 21.3+1.35b 19.0 + 3.11 21.3 + 0.54
Width (m) 5 13 14 12
Predominant sediment mud and pebbles pebbles pebbles and sand pebbles and sand

* Different letters indicate significant differences at p< 0.05
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Table 2. Aquatic insect abundance along the Sentinela stream during the rainy and dry seasons of 2011.

Bispo et al. )

Order Family jan feb mar apr may jun jul aug sep out nov dez
Chironomidae 12 1 51 1 2 17 15 2 2
Diptera Tipulidae 2 2 3 2 1 2 6 1 2 1 3
Simuliidae 1 2
Mesoveliidae 1
Naucoridae 19 104 53 276 131 140 91 100 93 116 204 109
Notonectidae 25 1 29 36 38 21 29 20 37 133 17
Corixidae 12 58 5 1 2 1
Hemiptera Belostomatidae 2 3 1
Pleidae 3 2 13 3 2
Gerridae 1 1
Nepidae 1
Veliidae 2 1
Odontoceridae 5 3 6 4 10 11 3 12 27 2
Calamoceratidae 1 2 1
Leptoceridae 27 10 7 3 2 5 42
Tricoptera Hydroptilidae 10 12 1 1
Hydropsychidae 1
Xiphocentronidae 1
Hydrobiosidae 2
Aeshnidae 3 6 6 2 2 2 1 4
Libellulidae 3 1 5 6 21
Gomphidae 3 10 6 34 10 21 14 12 8 19 43 11
Odonata Megapodagrionidae 2 6 8 7 6 3
Coenagrionidae 1 3 8 11 3 13 10 7 11 6
Corduliidae 1 4 8 6 11 29 2
Perilestidae 3 2 1
Elmidae 1 1 12 16 41 1 3 1 1 2 3
Dytiscidae 5 10 16 5 12 19 1
Hydrophilidae 14 11 90 39 120 9
Coleoptera Chrysomelidae
Psephenidae 3 3 1 1
Limnichidae 1
Gyrinidae 1
Megaloptera Corydalidae 1 1
Baetidae 1 4 18 5 4 4 12 13 36 35
Oligoneuriidae 1 6 20
Leptohyphidae 1 2 1 5
Ephemeroptera
Leptophlebiidae 1 4 2 ) 1 5
Caenidae 2 1
Euthyplociidae 1 17 13 28 31 28 7 18 18 7
Lepidoptera Pyralidae 3 2 1
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Table 3. Aquatic insect abundance in each of the sampling sites during the rainy and dry seasons of 2011.
Order Family Site 1 Site 2 Site 3 Site 4
Chironomidae 3 1 2 97
Diptera Tipulidae 7 16 1 1
Simulidae 1 1
Mesoveliidae 1
Naucoridae 1253 200 20 53
Notonectidae 207 174 3 12
Corixidae 72 2 1 4
Hemiptera Belostomatidae 4 2
Pleidae 23
Gerridae 2
Nepidae 1
Veliidae 1 1
Odontoceridae 58 14 2 9
Calamoceratidae 4
Leptoceridae 67 23 1 5
Tricoptera Hydroptilidae 1 1 22
Hydropsychidae 1
Xiphocentronidae 1
Hydrobiosidae 2
Aeshnidae 18 8
Libellulidae 17 4 15
Gomphidae 68 44 12 67
Odonata Megapodagrionidae 26 5 1
Coenagrionidae 53 18 2 4
Corduliidae 16 13 32
Perilestidae 4 2
Elmidae 56 12 3 20
Dytiscidae 29 11 1 27
Hydrophilidae 248 22 3
Coleoptera Chrysomelidae 1
Psephenidae 6 1 1
Limnichidae 1
Gyrinidae 1
Megaloptera Corydalidae 1 1
Baetidae 19 71 39 23
Oligoneuriidae 6
Leptohyphidae 8 1
Ephemerotera »
Leptophlebiidae 11 6
Caenidae 1 1
Euthyplociidae 137 26 1
Lepidoptera Pyralidae 6 1
Total specimens® 2427a 687b 90c 405b
Total families* 33a 32a 15b, ¢ 22a, ¢
Shannon-H 1.95 2.28 1.80 2.40
Equitability-J 0.65 0.66 0.77
BWMP* 208a 87b 127b
ASPT 6.7 5.4 5.5

* Different letters indicate significant differences at p< 0.05.

tourists from 2009-2011 (Figure 3). The highest number of
tourists was observed in January, February, September and
October (Figure 3). During 2011, the period of this study, the park
received approximately 43,000 tourists, with 20,175 recorded
from January to March (Figure 3).

Pearson’s correlation analysis among the variables measured
(richness, abundance and number of tourists) during 2011

showed that when the number of tourists in the park increased,
the total insect abundance (r=-0.6382, p=0.025) and richness
decreased (r=-0.7816, p=0.003), showing a negative impact of
tourists on insect abundance and richness at the sampling sites.

Significant differences were also observed in insect abundance
between the samples taken before and after the Carnival,
Tiradentes and Corpus Christi holidays (Figure 4A). Although
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Figure 2. The relationship between precipitation and insect abundance
(A) and insect richness (B), from Sentinela stream, Diamantina, Minas
Gerais, during 2011.
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Figure 3. Number of tourists and monthly precipitation from 2009 to
2011 at Biribiri State park, Diamantina, Minas Gerais.
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the insect abundance after the Republic Proclamation holiday
was also lower than before the holiday, this difference was not
statistically significant. Insect richness did not significantly
change after the holidays (Figure 4B). The decrease of insect
abundance after holidays ranged from 23% at site 4 to 88% at
site 3, and the decrease of insect richness ranged from 20% at
site 1 to 56% at site 3. At site 3, the decrease was greater than at
the other sites.

DISCUSSION

The sediment in aquatic ecosystems consists of a wide variety
of organic and inorganic materials from autochthonous
and allochthonous inputs and play an important role in the
structuring of stream ecosystems. The substrate affects the
availability of habitats, feeding, and protection of the local
biota (Bispo et al. 2006; LiGero et al. 2010). The accumulated
organic debris increases the amount of food resources for benthic
macroinvertebrates (Kosavasur & Kacava 2002; Hoover et al.
2006), provides more space for colonization and refuge, and
allows the establishment of fauna with larger individuals (Dosson
1991; RICHARDSON 1992).

Because the riparian zone is intimately associated with the stream,
it is expected that sites 1 and 2, with dense vegetation cover, high
accumulation of leaf debris, and mud bottoms (especially in
site 1), will have higher abundance, richness, BWMP and ASPD
scores. The families that were dominant at site 1 are less tolerant
to pollution and more likely to be restricted to well-oxygenated
waters (ResH & JACKSON 1993; JOHNSON et al. 1993; WETZEL 2001).
All families found at site 1 were also found at site 2 but in a lower
abundance. At the other sampling sites, with little vegetation
cover and sandy pebble sediment substrate, the opposite situation
was observed, with lower abundance, richness, BWMP and ASPD
scores (this was especially true for site 3). At site 4, the absence of
several BMWP high-score groups (Plecoptera, Trichoptera) was
compensated for by the increase in the number of aquatic insects
of BMWP low-score families (e.g., Heteroptera, Coleoptera and
Odonata), as also observed by RiEraDEVALL et al. (1999). Thus, the
predominance of some families at sites 1 and 2 was an indicator
of the better quality of this station compared with sites 3 and
4, which showed very low levels of individual abundance and
richness. These results indicate that the accumulation of organic
debris on the stream bottom seems to be a determining factor for
supporting high population densities and species richness in the
stream environment.

Althoughthereisastrongrelationship between macroinvertebrate
richness and the substrate structure and composition (CarLisTo &
EsTEVES 1996), different degrees of tourist activity in a stream can
also cause varying impacts on the aquatic fauna (BuckLEY 2003).
Tourism seems to increase the impact on stream ecosystems,
as this effect is related to changes in species composition of the
communities and a loss of community richness. The significant
increase in tourists during the holidays may result in disturbance
of the bottom sediment by trampling, foot traffic or swimming
and consequent removal of the aquatic insects, thus reducing
their local abundance (Meapows 2001). The greater the degree of
this interference is, the clearer the response of the aquatic insect
community to disturbance at the sites because anthropogenic
disturbances can modify patterns and processes in the natural
environment (BArRBOUR et al. 1999; CaLLisTO et al. 2001, 2002;
LiceIro et al. 2013). In general, the trampling of the stream bottom
and the water movement caused by tourists in the Sentinela
stream resulted in the observed environmental changes. The
low insect abundance and richness at sites 3 and 4 may indicate
degradation at these sites along the middle course of the Sentinela
stream, caused by uncontrolled tourism. As stated by Jounson et
al. (1993), low values for diversity can be interpreted as a result
of environmental disturbance.

The diversity of taxa generally changes with decreases
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in ecosystem quality (ResH & JacksonN 1993). Site 3 showed the
lowest individual abundance and richness of all the sites. This
site is the most fragile of the four sites because it has a small
area and is easily accessible to tourists. Site 4 also had a high
number of tourists, but showed larger numbers of chironomids.
Members of Chironomidae are resistant organisms and are able
to colonize environments with a low oxygen content (MARQUES et
al. 1999). Moreover, these insects can be abundant in streams
exposed to anthropogenic interference, which makes them
effective indicators of environmental degradation (Carns-JrR &
PraTT 1993; MARQUES et al. 1999).

The negative effect of the mechanical action of people
on the structures of the sediment and the benthic community was
demonstrated in a study conducted on a stretch of the Formoso
River by Mepma-Jr (2007). Using an experimental approach,
the author found that the water movement and trampling on the
bottom caused the resuspension and movement of sediments
and leaf detritus. Because they are soft substrates, these
materials are more susceptible to mechanical disaggregation
and are transported downstream by the current, reducing debris
accumulation and consequently decreasing the amount of food
resources available for benthic macroinvertebrates. Furthermore,
although it is known that aquatic insects drift continuously
in a stream, this mechanical disaggregation can also increase
the number of drifting animals to levels much higher than in
untrampled areas (BRITTAIN & EIKELAND 1988).

Unlike studies in temperate regions, studies of
invertebrate drift are not common in tropical lotic systems
(FLECKER& FEIFAREK 1994; CALLISTO & GOULART 2005). The turbulent
flow caused by heavy precipitation during the rainy period could
result in a sparse and low-diversity insect fauna, suggesting
that the physical disturbance of the substrate dislodges the
benthic fauna causing temporal instability in the assemblage
composition (Porr & WARD 1991; FLECKER & FEIFAREK 1994). Some
authors (e.g. FLECKER & FrIFAREK 1994) have found that a heavy
rainstorm, defined as precipitation higher than 25 mm, may
cause pronounced declines in the insect community.

Most of the studies conducted in tropical regions (FLECKER
& FEIFAREK 1994; Bisro & OLIVEIRA 1998; CALLISTO & GOULART 2003;
Bispo et al. 2006) reported differences in the taxonomic richness
and diversity of the drifting invertebrate community during
the rainy and dry periods, indicating a significant influence of
seasonality. This situation is very clear in the Brazilian Cerrado,
where the perturbations are more intense and frequent during
the November to April period of heavy precipitation (Bisro et al.
2006). However, the data obtained in the present study did not
indicate an influence of precipitation on the aquatic insect fauna.
The community fauna analyzed in the Sentinela stream did not
undergo seasonal alterations despite differences in flow (the total
amount of precipitation over the period varied from null to 312
mm in July and November, respectively).

The absence of a correlation between precipitation
and the aquatic insect fauna in the Sentinela stream can be
interpreted in two ways: a) as an adaptation of the insect fauna
to the different equilibrium states during the year, at least in
years without unusual catastrophic floods (MeLo & FROEHLICH
2001); or b) the insect fauna recovered rapidly, even with the
physical disturbance caused by higher flow during precipitation
(HarDIMAN & BURGIN 2011).

However, another interpretation of the absence of
this correlation is possible, in view of one of the conclusions by
Liceiro et al. (2013). Their study demonstrated that when the
anthropogenic impact is not strong, the changes in the faunal
structure in the stream will be associated with natural variability.
As sites 3 and 4 showed high anthropogenic impact due to the
effect of the intense disturbance caused by the large numbers of
tourists, the absence of a significant difference could be related to
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the incapacity of our data to detect habitat variation, even when
compared to the less-impacted sites 1 and 2.

In conclusion, in addition to natural changes, the different
ecosystems are subject to anthropogenic impacts. Among
these impacts, uncontrolled tourism in parks can cause the
environmental modification of water bodies due to the mechanical
action of human activities. The responses of aquatic insects to
the impacts of tourists may result from the direct effect of either
trampling or modification of the bottom substrate which lead to a
decreased diversity and abundance, as observed in the Sentinela
stream.
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