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Abstract: Introduction: Reference streams are pristine streams, untouched or
unaltered by man, it being possible to use their environmental characteristics as quality
threshold values. Besides the organic impacts measured via water quality biological
monitoring programs, it has become necessary to evaluate the relationship between
alterations in the landscape of streams and surrounding areas and changes in the structure
of the macroinvertebrate community; Aim: The objective of the present study was to
correlate the changes in the landscape with the ecological attributes of the community and
indices of water quality, and to recommend reference condition values for the integrity of
streams in the region of Jundiai (SP); Methods: The benthic fauna were sampled in three
urban streams, three rural streams and three preserved streams during July 2010, using
a Surber-type sampler. The characteristics of the landscape were evaluated by means of
Diversity of Habitat; the community, analyzed for several biodiversity indices, and; the
water quality assessed using the indices River-BCI, BMWP-CETEC (CETEC - Science
and Technology Center), ASPT and SOMI (SOMI - Serra dos Orgios Multimetric Index
(Serra dos Orgéos is a mountain range national park in the state of Rio de Janeiro));
Results: The structure and the composition of the communities varied according to the
stream and this was reflected in the values of the biological and environmental quality
indices. The best conditions were found in preserved streams, intermediate streams and
rural streams while the worst conditions were found in the urban streams. The significant
Pearson correlations (7> 0.73 and P < 0.05) between the diversity of habitat index and the
ecological and water quality index attributes in the streams of Jundiai demonstrated that
diversity of habitat may be a good predictor of the environmental characteristics evaluated.

Keywords: environmental degradation, Atlantic Forest, habitat diversity.

Resumo: Introdugio: Riachos de referéncia dizem respeito a ambientes integros, sendo
possivel utilizar suas caracteristicas ambientais como valores patamares de qualidade. Além
dos impactos orginicos medidos pelos programas de biomonitoramento da qualidade da
dgua, se faz necessdrio avaliar as relagdes entre as alteracoes da paisagem dos riachos e de
seu entorno com as mudangas na estrutura da comunidade de macroinvertebrados desses
ambientes; Objetivos: O presente estudo teve como objetivos correlacionar as mudangas
da paisagem com os atributos ecolégicos da comunidade e indices de qualidade da 4gua
e, recomendar valores de condicdo referencial de integridade de riachos para a regido
de Jundiai/SP; Métodos: Foram amostradas a fauna bentdnica de trés riachos urbanos,
trés rurais e trés preservados, com amostrador do tipo Surber, em julho de 2010. As
caracteristicas da paisagem foram avaliadas por meio da Diversidade de Habitat (DH); a
comunidade, analisada quanto a S, N, J’, H’ e curvas de rarefacio S e de dominincia K
e; a qualidade da dgua aferida pelos indices ICB Rio, BMWP-CETEC, ASPT e SOMI;
Resultados: A estrutura e a composi¢io das comunidades variaram em funcio dos
riachos e refletiram-se nos valores dos indices biolégicos e de qualidade ambiental. As
melhores condigoes foram encontradas nos riachos preservados, as intermedidrias, nos
riachos rurais e, as piores, nos urbanos. As significativas correlagoes (r > 0.73 e P < 0.05)
entre o indice de diversidade de habitat (DH) e os atributos ecolégicos e de qualidade
da 4gua dos riachos de Jundiai, demonstraram que DH pode ser um bom preditor das
caracteristicas ambientais avaliadas e como tal, recomenda-se como valores de condigio
de referencia de riachos: DH > 80; H’ > 2,3 e ] > 0.8 (familia como nivel taxon6mico) e;
qualidade de 4gua boa (ICB Rio, BMWP-CETEC e BI), de levemente poluida a limpa
(ASPT) e regular (SOMI).

Palavras-chave: degradagao ambiental, Mata Atlantica, diversidade de habitat.
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1. Introduction

Reference streams relate to whole environments,
in close to natural condition, though hard to find
in most regions of the world (Baptista, 2007).
Because of this difficulty, Bailey et al. (2004),
define as a reference environment one which has
an ecosystem that is considered to be “healthy”
or “acceptable”, with measureable environmental
characteristics which permit comparison with
impacted environments.

One of the ways used by some government
agencies in Brazil to evaluate the impact on bodies
of water, is the use of biological monitoring of the
macroinvertebrate community. This tool enables the
classification of water in rivers by means of indices
of quality such as River-BCI - Benthic Community
Index for Rivers (CETESB, 2009) (CETESB - Sao
Paulo State Environment Agency) and the BMWP-
CETEC - Biological Monitoring Working Party
Score System (Junqueira and Campos, 1998); both
are estimated using the sensitivity and tolerance of
taxa to the organic load in the system, common
to urban areas. Although these indices are fine for
evaluating organic waste, they do not consider
diffuse impacts in the surrounding areas of the
streams such as reduction in riparian woodlands,
riverbank erosion, silting and the straightening
of channels, damming caused by human activity.
According to Roth etal. (1996) these are also factors
of change in the structure of the aquatic community
and therefore should be included in the evaluation
of their environmental quality.

Studies conducted in recent years (Callisto et al.,
2001; Paz et al., 2008), evidence the possibility
of using the Habitat Diversity protocol devised
by Callisto et al. (2002), to demonstrate the
relationship between the levels of environmental
degradation of the landscape and the change in
the structure of the aquatic community in Brazil’s
streams. By mapping landscape to the characteristics
of the benthic invertebrate fauna, Baptista et al.
(2007) also proposed a multimetric index (SOMI)
that represents ecological attributes, as do River-
BCI and BMWP-CETEC. However, it is based
on a quality reference condition in an area of the
Atlantic Forest, with the aim of evaluating the
lotic environment under an assumption of ideal
ecological quality that would be found in the
absence of anthropic interference. To this end,
Baptista et al. (2007) considered as whole streams
those classified as excellent and very good according
to the RCE protocol (Riparian, Channel and
Environmental Inventory; Petersen, 1992), which
has a similar proposition to the Habitat Diversity.
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Both the RCE and the Habitat Diversity
protocols are scored via visual evaluation, elements
of the landscape and streams whose surrounding
areas and channel aspects are the best preserved
(larger expanse of riparian woodland, little or
no ecrosion, meanders, presence of rapids etc.)
receive the highest scores. However, a preliminary,
comparative study between RCE and Habitat
Diversity showed that the latter, as it did not
include a weighting for the characteristics of the
ichthyofauna, allowed a quicker evaluation of the
environments and was more appropriate in the
classification of urban streams.

Therefore, with the aim of contributing to
the establishment of a standard procedure for the
definition of reference areas in Brazil, the objective
of the present study was to study the relationship
between Habitat Diversity and the biological
attributes of the benthic community in order
to evaluate the environmental integrity and to
recommend reference condition values for streams
in the region of Jundiai (Sao Paulo).

2. Material and Methods

The study was conducted in the city of
Jundiai (Sao Paulo) in nine streams: three urban
streams, three rural streams, and three streams in
an environmental protection area (Serra do Japi),
defined according to soil occupation characteristics
in the surrounding areas of the stream and their
location within the city zoning (Supplementary
Municipal Law no. 224/96) (Figures 1 and 2).

The collection of macroinvertebrates was
conducted between July 9 and July 12, 2010, with a
Surber-type sampler (15 x 15 cm and 500 pm mesh).
The material collected was fixed in 70% alcohol
for the subsequent screening, identification and
counting of organisms under a stereo microscope.
The identification of benthic organisms at the family
level was based on Merrit and Cummins (1996),
McCafferty (1998), Ferndndez and Dominguez
(2001), Calor (2007) and Mugnai et al. (2010). The
Chironomid larvae were identified in subfamilies
and Annelida, Acari, Collembola, Nematoda and
Turbellaria were identified in large groups.

In each stream, the goal was to mark out a
segment of 100 meters, where six samples of
benthic fauna were collected in an area of rapids
and varied substrates (sand, gravel and leaf litter).
The six samples were added together and the
community was analyzed as to richness (S, number
of taxa), abundance (N, number of individuals),
index of equitability (J°), Shannon-Wiener index
of diversity (H’) and rarefaction curves for richness
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and dominance of taxa (Krebs, 1999 and Primer 6
software).

The evaluation of environmental integrity in the
streams took place via the calculation of Habitat
Diversity (Callisto et al., 2002) and biological
monitoring of water quality using the following
indices: Benthic Community Index for Rivers
(River-BCI, CETESB, 2009), Biological Monitoring
Work Party (BMWP-CETEC, Junqueira et al.,
1998), Average Score per Taxa (ASPT, Chessman,
1995), Biotic Index (BI, Zimmerman, 1993) and
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the Serra dos Orgdof Multimetric Index (SOMI,
Baptista etal., 2007). For the last mentioned index,
the information required for the calculation of the
percentage of fragmentary organisms was based on
Merrit and Cummins (1996).

With the aim of testing statistical hypotheses - H,:
null correlation between the characteristics of
environmental integrity through Habitat Diversity

and ecological attributes of the community (S, H,
J, River-BCI, BMWP-CETEC, ASPT, SOMI,

®
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Urb Il 23°13'40,01” 46° 53 03,91
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Figure 1. a) Location of Jundiaf in the state of Sio Paulo, Brazil. b) Boundary of Jundiai City with the simplified
hydric system of Jundiai River and Cachoeira Stream with the location of the sampled streams (red dots and table) in
relation to the preserved area (green, PRE I, II and III), rural area (brown, RUR I, II and III) and urban area (gray,
URB I, II and III). Map adapted from Planning and Environmental Secretary of Jundiai.
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Figure 2. Margin occupation of sampled streams in preserved area (PRE I, II and III), rural area (RUR I, II and III)

and urban area (URB I, II and III).

BI) and; H,: existence of correlation between the
characteristics of environmental integrity and
ecological attributes of the community, the Habitat
Diversity data were correlated with the ecological
and water quality indices by means of the Pearson

correlation (Statistica 7 software).

ot "

3. Results

In the streams studied, a total of 3,573
invertebrates were collected, distributed across
46 taxa belonging to Insecta, Annelida, Mollusca,
Arthropoda Non-Insecta, Turbellaria and Nematoda.
The structure and composition of the communities
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varied, depending on the streams, and were reflected
in the values of the biological and environmental
quality indices (Tables 1 and 2).

The richness rarefaction curve (Figure 3) and taxa
dominance curve (Figure 4) showed that the most
diverse and stable communities (low dominance

Ecological attributes of the benthic community...

239

and high equitability) were those observed in the
streams in Rur Il and in the preservation area (Pre I,
Pre II and Pre I1I) and the opposite, lower diversity
and stability, occurred in the rural streams Rurl and
Rurll and in all the urban streams (Urb I, Urb II
and Urb III).

Table 1. Taxa and abundance of benthic macroinvertebrates in urban streams (Urb I, IT and III), rural streams (Rur I,

1T and III) and preserved streams (Pre I, II and III).

Urb I UrbII  Urb III

RurI

Rur II Rur III Pre I Pre II Pre 111

Acari 2
Aeshnidae

Amphipoda

Ancylidae 6

Baetidae 16
Calamoceratidae

Calopterygidae

Ceratopogonidae 1
Chironominae 426 14 7
Collembola 5
Corduliidae

Dixidae

Dryopidae 1
Dugesiidae

Dytiscidae

Elmidae

Empididae 3
Glossosomatidae 1
Gomphidae 1
Gripopterygidae

Hirudinea 13

Hydrobiosidae

Hydrophilidae 3

Hydropsychidae

Hydroptilidae 2
Isopoda

Leptoceridae

Leptohyphidae

Leptophlebiidae

Muscidae 2
Nematoda 1 1
Oligochaeta 1494 102 7
Orthocladinae 199 20 41
Perlidae

Philopotamidae

Physidae 16

Planorbidae

Psephenidae

Pyralidae

Simuliidae 46
Sphaeridae

Stratiomyidae 1
Tabanidae

Tanypodinae 4 1
Tipulidae 1

Veliidae
Total 2151

164 122

5 1 3
1

N
N = =~ W

3 17

1 1 3 1
18 5 1 47 6 4
25 16 7 15

22 116 2 5 20 12

459 183 82 187 176 49
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Table 2. Calculated values for the ecological attributes of the benthic communities sampled in urban streams (Urb I,
ITand III), rural streams (Rur I, IT and I1I) and preserved streams (Pre I, IT and III) — richness (S), index of equitability
("), Shannon-Wiener index of diversity (H’) and calculated indices of environmental and biological quality — Habitat
Diversity (HD), Benthic Community Index for Rivers (River-BCI), Biological Monitoring Work Party (BMWDP-

CETEC), Average Score per Taxa (ASPT), Biotic Index (BI), Serra dos Orgdus Multimetric Index (SOMI).

Urb I Urb II Urb III RurI Rur II Rur III Pre I Pre II Pre III
S 6 15 9 18 16 18 21 23 15
J 0.5 0.5 0.7 0.3 0.5 0.7 0.8 0.8 0.8
H 0.9 1.4 1.5 0.9 15 21 2.3 2.5 2.3
HD 41" 52! 53 554 67~ T7A 98N 7N 100N
River-BCl 3.758 3.35R 2.25¢ 2.33¢ 1.75¢ 1.67¢ 1.5¢ 1.5¢ 1.75¢
BMWP-CETEC 117 298 278 60R 52R 61¢ 98¢ 110¢ 59R
ASPT 2.75%° 3.63%° 4.5° 4.62° 4.73° 4.69° 5.76° 6.11¢ 5.364°
SOMI 10Pe 10Pe 8Pe 10Pe 8Po 14R 18R 18R 16R
Bl 7.12FPe 6.24M 5.78" 7.49FPe 5.32¢ 6.09 5.17¢ 4.6¢ 4.61¢

Classification of environmental quality according to the calculated indices: Impacted, #Altered, NNatural, Bad,
RRegular, “Good, "Terrible, S*Severely Polluted, "Polluted, **Slightly Polluted, “Clean, "Poor, MMedium, **Fairly

Poor.

Richness

T T IN
100

o Ubl = UbIl 4 Ublll < Rurl - Rurll -o- Rurlll + Prel =< Prell = Prelll

Figure 3. Rarefaction curve for richness of taxa in urban streams (Urb I, II and III), rural streams (Rur I, IT and III)

and preserved streams (Pre I, IT and III).

The studied streams presented different quality
levels depending on the calculation index (Table 2)
and overall the best conditions were found in the
preserved streams, followed by rural streams, while
the worst were found in urban streams.

By comparing the indices of environmental
and biological integrity (Table 2), it was found
that the River-BCI was the one that diverged most
in the classification of the streams — qualifying the
conditions of the creeks Urb II, Urb III, Rur I,
Rur IT as normal and good, whereas the majority
of the indices classified them as impacted, altered,
bad, severely polluted or poor.

By combining the information on biological
attributes and water quality indices, the SOMI
classified preserved streams as normal with high
diversity values (Pre I and Pre IT). Moreover, within
this context, conflicting classifications were noted
for BMWP in Pre III (normal) and BI which showed
better conditions in Rur II than in Rur III, the
latter having higher ecological indices than those
of the former.

In the Pearson correlation analysis (Table 3),
with the exception of values for abundance (N), it
was found that Habitat Diversity values correlated
with ecological and water quality indices (> 0.73



2012, vol. 24, no. 3, p. 235-243 Ecological attributes of the benthic community... 241

100 -

X

(]

2

Pt

€

3

o e Ul

= m Urb I

2 A Urb Il

3 & Rurl
o Rurll
O Rurlll
+ Pre |
X Prell
%k Prelll

0 -
1 10 100

Species rank

Figure 4. Dominance curve for taxa in urban streams (Urb I, Il and III), rural streams (Rur I, II and IIT) and preserved
streams (Pre I, IT and III).

Table 3. Values for Pearson and P obtained from Habitat Diversity (HD) multiple regression analysis versus richness
(S), index of equitability (J°), Shannon-Wiener index of diversity (H’), Benthic Community Index for Rivers (River-
BCI), Biological Monitoring Work Party (BMWP-CETEC), Average Score per Taxa (ASPT), Biotic Index (BI), Serra

dos Orgdm Multimetric Index (SOMI).

BMWP-CETEC  ASPT SOMI  River-BCI Bl S N J’ H’
HD 0.85 0.89 0.89 -0.82 -0.83 0.73 -0.55 0.80 0.93
P 0.004 0.001 0.001 0.007 0.006 0.026 0.125 0.010 0.000

and P < 0.05), indicating that the increase in
Habitat Diversity was associated with the increase
in the values for BMWP, ASPT, SOMI, S, ] and H’
and a reduction in the River-BCI and BI.

4, Discussion

The results of loss in environmental quality of
the urban and rural streams in Jundiai came within
the expected responses listed by Suriano et al.
(2010) — reduction in richness and Shannon-Wiener
diversity; reduction in the abundance of Coleoptera,
Ephemeroptera, Plecoptera and Trichoptera and
an increase in the abundance of Diptera and
Chironomidae.

The biological indices for the benthic community
showed distinct classifications, however when
considering just one index (River-BCI or BMWDP-
CETEC or ASPT or SOMI or BI), the classification
of water quality in general was consistent with the
level of degradation — the worst conditions were seen

in urban streams (Urb); intermediate conditions in
the rural steams (Rur) and the best conditions in
streams in the preservation area (Pre). The apparent
incongruence in the environmental characterization
of Pre 111, classified as normal condition using the
BMWP, was likely related to the lower richness
found in low order (1) streams (Vannote et al.,
1980). The BI quality of Rur II (good) and Rur III
(medium) reflected the differences in abundance
(N in Rur II > N in Rur III), which classified
the streams inversely. Considering the fact that
abundance is a measurement which can increase or
decrease with the degradation of the environment
(Rosenberg and Resh, 1993), it is recommended
that the ecological attributes of the community
should be analyzed in order to confirm the quality
assessed by those indices using abundance values in
their calculation (Zimmerman, 1993). Therefore,
by weighting the information of Shannon-Wiener
diversity, ] equitability and the taxa rarefaction and
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dominance curves, Rur IIT would be classified as
good and Rur II as medium.

The River-BCI, composed of weighting, richness,
Shannon-Wiener diversity, the presence of organisms
that are sensitive to pollution (Ephemeroptera,
Plecoptera and Trichoptera) and dominance taxa
ratios (Annelida and Chironomidae) (CETESB,
2009), overestimated values in environments
of low diversity and underestimated values in
environments of high diversity - classifying the
urban streams appropriately, but with conditions
in rural environments being equated to those in
preserved environments.

The classification of stream quality, using the
SOMI for the preserved streams of the city of
Jundiai, suggests that the reference environments
used in the Serra dos Orgdos (Baptista, 2007) may
be richer and more diverse than those found in the
Serra do Japi, which may have been down to the
environmental degradation suffered throughout
the history of the economic exploitation of the
region (Jesus and Cavalheiro, 2004) as well as the
biogeography of the taxa collected (Brown and
Lomolino, 2006).

The significant correlations between the index
of diversity of habitat and the biological and water
quality attributes of the streams in the city of
Jundiai, showed that Habitat Diversity may be a
good predictor of the ecological attributes of the
benthological community and water quality indices.
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