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ABSTRACT. The development of effective monitoring tools depends on finding sensitive metrics that are capable of detecting
the most important environmental impacts at a given region. We assessed if metrics derived from stream fish assemblages
reflect physical habitat degradation and changes in land cover. We sampled the ichthyofauna and environmental character-
istics of 16 stream sites of first and second order in the Upper Tocantins River basin. The streams were classified according
to their environmental characteristics into reference (n = 5), intermediate (n = 4), and impacted (n = 7). A total of 4,079
individuals in five orders, 12 families, and 30 species were collected. Of the 20 metrics tested, eight were non-collinear and
were tested for their performance in discriminating among groups of streams. Three metrics were sensitive to the gradient
of degradation: Berger-Parker dominance index, percentage of characiform fish, and percentage of rheophilic individuals.
Some commonly used metrics did not reflect the disturbances and many others were redundant with those that did. These
results indicate that the metrics derived from fish assemblages may be informative for identifying the conservation status of
streams, with the potential to be used in biomonitoring.
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INTRODUCTION

Anthropogenic impacts, such as pollution, riparian zone
logging, and landscape (including network) fragmentation
(Barletta et al. 2010, Naiman and Dudgeon 2011) affect aquatic
ecosystems almost everywhere. These impacts have negatively
influenced the chemical, physical, and biological integrity of
ecosystems (Barletta et al. 2010, Casatti et al. 2009). In this sce-
nario, the development of environmental monitoring tools is
fundamental to provide information for the management and
protection of natural resources (Yoccoz et al. 2001).

Biological communities can provide valuable information
on ecosystem functioning and environmental quality (Roset
et al. 2007). Several descriptors (metrics) can be derived
from biological communities, including taxonomic structure

(e.g. diversity, evenness or dominance), taxonomic composition
(e.g. percentage of individuals of a given taxonomic group), and
functional composition (e.g. percentage of individuals of a given
ecological guild). For example, it has been suggested that curves
of relative abundances and biomass allow the assessment of the
level of disturbance in an environment (Clarke and Warwick
2001). These curves are based on the assumption that small-sized
species dominate in more disturbed environments, whereas
large species dominate in minimally disturbed environments
(Yemane et al. 2005). The number of species, the presence of rare
species, and the distribution of the abundance of individuals
among species (evenness) in an assemblage are also potentially
informative metrics for the differentiation of assemblages that
have been subjected to different levels of disturbance (Barman
and Gupta 2015).
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Environmental quality has often been measured and mon-
itored using metrics that have not been thoroughtly evaluated,
particularly with respect to how they respond to the disturbance
gradient (Roset et al. 2007). And since metric responses can vary
regionally and also accorging to the type of impact (Bonada et al.
2006, Teresa and Casatti 2017), it is necessary that they are evalu-
ated before they can be used. Thus, studies that test the response
of biological metrics to the gradients of anthropogenic disturbance
provide an important step to find reliable regional indicators.

Fish are excellent indicators of the conditions of aquatic
environments (Karr 1981, Ruaro and Gubiani 2013) and many
different indicators based on fish have been developed world-
wide (Schiemer 2000, Maire et al. 2013). In Brazil, most efforts
to validate metrics extracted from fish assemblages have been
concentrated in regions with high densities of humam popula-
tions, such as those in the south and southeast Brazil (e.g., Aradjo
et al. 2003, Casatti et al. 2009 and Costa and Schulz 2010). This
asymmetry highlights the need to validate these metrics for
other regions, such as the Cerrado (e.g. Carvalho et al. 2017),
where the expansion of the agricultural frontier and degradation
of aquatic environments have been of major concern for more
than a decade (Wantzen et al. 2006, Hunke et al. 2015).

We studied the response of headwater fish assemblages
according to contrasting conditions of physical habitat degrada-
tion associated with the deforestation of the riparian zone. We
evaluated whether metrics based on fish assemblages can be used
to differentiate streams according to their conservation status.

MATERIAL AND METHODS
Study area and general procedures

We described fish assemblage of headwater sites in relation
to potential indicators (metrics) and tested whether these data
would allow us to distinguish among streams with different
levels of environmental degradation. Stream sites were classified
according to their environmental characteristics, representing a
gradient of land use and habitat degradation.

The studied streams are part of the Upper Tocantins basin,
Santa Tereza sub-basin (northern Goias state) (Fig. 1). The Upper
Tocantins basin covers an area of 123,800 km?, encompassing
parts of the states of Tocantins, Goids and Distrito Federal. It
drains part of the Cerrado biome and the climate is classified
as Cwa, according to the Koppen classification system. Annual
rainfall is 1,100-1,700 mm and is concentrated between Decem-
ber and February (Ferreira and Tokarski 2007). In the studied
region, the native vegetation comprises 85% of the land cover
(Borges et al. 2016). Impacts resulting from removal of the ri-
parian forest contribute to a loss of physical integrity in aquatic
habitats, and are among the main antropogenic impacts in local
streams (Borges et al. 2015). Minimally disturbed streams have
streambeds with stable substrate (composed of rocks and pebbles)
and forested riparian zones and catchments.

Sampling

We sampled fish (license: ICMBio #34144-1) from 16
stream sites (sampling reach length of 80 meters) of 1%t and
27 order (sensu Sthraler 1957) (Fig. 1) during the dry period
(September 2013), when sampling effectiveness is high due to
low water volume. The stream sites were chosen to represent
the gradient of environmental conditions in the region and
the length of our sampling site was sufficient to estimate fish
assemblage metrics based on abundance (Terra et al. 2013a).
Sampling effort consisted of one passage of electrofishing (4A,
220V) performed by three people for 1 h in the upstream di-
rection. Fishes were fixed in formaldehyde solution (10%) and
transferred to 70 % ethanol after 72 hours. Voucher materials
are stored in the Cole¢do Zooldgica da Universidade Estadual
de Goids (UEG 291 to 300).

Streams were characterized based on their environmental
variables: 1) depth, 2) wetted width, 3) water velocity, 4) per-
centage of stable (hard) substrate (rocks and pebbles), 5) riparian
forest width, 6) proportion of trees and grass in the riparian zone
(30 m from the stream channel in each margin), 7) percentage
of native vegetation in a buffer of 100- and 500-m upstream of
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Figure 1. Map of South America highlighting the Goias State (Brazil) and the sampling sites located in the Santa Tereza sub-basin, Upper

Tocantins River basin.
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the sampling sites, and 8) percentage of native vegetation in
the entire catchment. These variables describe the natural en-
vironmental gradient (variables 1 to 3) and the level of stream
degradation (variables 4 to 8) (Casatti et al. 2006, Leal et al. 2016,
Teresa and Casatti 2017).

The physical habitat variables were assessed using a pro-
tocol adapted from Casatti et al. (2006). Each sampled site was
divided into nine equidistant transversal transects. Depth and
wetted width were measured using a meter ruler and measuring
tape, respectively. Depth was measured at five equidistant points
from one margin to the other in each transect. Water velocity
was measured at ~ 0.6 times the total depth at the center of
each transect with a mechanical flowmeter model 2030 (General
Oceanics). The relative proportion of each type of substrate was
visually estimated at each transect according to Cummins (1962).
The proportion of pebbles, cobbles and boulders were grouped
into a single category named stable substrate. The values of
instream and riparian variables for the whole site were obtained
by calculating mean values across transects. The percentage
of native vegetation in the catchment and in a buffer of 100
and 500-meters upstream of the sampling site were obtained
using high resolution images of the RapidEye satellite (spatial
resolution of 5 m), made available by the Brazilian Ministry of
the Environment, as well as SRTM (Shuttle Radar Topography
Mission) images.

Assemblage-based metrics

We tested 20 metrics to describe fish assemblages. These
metrics describe patterns of diversity and dominance (Shannon
diversity index, Berger-Parker dominance index, and Pielou’s
evenness index), taxonomic composition (percentage of indi-
viduals in each family or order), size distribution (W statistic for
ABC curve summarizing abundance and biomass accumulated
among species), trophic ecology, and habitat use (percentage of
individuals in each guild).

In order to identify trophic guilds, fish diets were evaluat-
ed. Ten individuals of each species had their stomachs removed
and analyzed under a stereomicroscope. Food items were sepa-
rated and identified in broad categories: detritus, terrestrial in-
vertebrates, aquatic invertebrates, plant material (seeds and leaf
fragments), and filamentous algae. The alimentary index (IAi)
was calculated for each item following Kawakami and Vazzoler
(1980). Species were grouped into trophic guilds according to
the most frequent and dominant item (high values of IAi). The
classification of species according to habitat use was based in
the literature (e.g. Teresa et al. 2016, Teresa and Casatti 2017)
and personal observations. Species were classified as being
either water column dwellers, benthic or nektobenthic, and in
relation to rheophily.

The relationship between species abundance and biomass
within an assemblage was summarized by ABC curves (Warwick
1986). The abundance and biomass accumulated among the
species of each assemblage were ranked in decreasing order of

importance (Warwick 1986), using the software package ‘PRIM-
ER’ (Clarke and Gorley 2001). From the ABC curve, it is possible
to calculate the W-statistic, which indicates the relationship
between the curves. When the biomass curve is positioned above
the abundance curve (positive W-statistic), this indicates that
large species are dominant in the assemblage, which is typical
of better conserved environments (Clarke and Warwick 2001).
When the abundance curve is positioned above the biomass
curve (negative W-statistic), this indicates that the dominant
species has a small contribution to the total biomass, which is
typical of disturbed environments (Clarke and Warwick 2001).

Data analysis

Our data anaysis can be summarized in three steps. In step
one, we removed colinear variables from environmental and fish-
based metric data, performing Pearson pairwise correlations in
each matrix and removing variables that were strongly correlated
(R>10.75]). When two or more metrics were redundant with one
another, we retained the metric that could more be objectively
identified or recorded by a technician. In step two, streams were
classified as reference (minimally disturbed), intermediate, or
impacted, according to their environmental variables. Only
variables that describe the gradient of environmental degrada-
tion in agroecosystems (variables 4-8 in sampling section), and
which are useful to explain the variation in the structure and
composition of fish assemblages were considered for stream clas-
sification (Casatti et al. 2015, Leal et al. 2016, Teresa and Casatti
2017). We generated a matrix of environmental dissimilarity
among stream sites (Euclidian distance) based on a standardized
environmental matrix (z-score) and performed a cluster analysis
using the UPGMA algorithm. We also compared stream groups in
relation to their hydrological characteristics (depth, wet width,
and water velocity) in order to ensure that stream groups were
similar in relation to natural environmental gradients using a
one-way ANOVA. Finally, in step three, the performance of the
metrics in distinguishing stream groups (obtained in the pre-
vious step) was tested with a one-way ANOVA and, in case of
significant result, we obtained the Least Significant Difference
(LSD) using the software STATISTICA 7.0.

RESULTS

Two variables (width of riparian zone and the percentage
of trees in the riparian zone) were removed prior to the clustering
analysis because they were collinear with the percentage of grass
in the riparian zone. Cluster analysis based on environmental
variables associated with dirturbance resulted in four major groups
(Fig. 2). One group, named reference hereafter, was composed of
five stream sites that presented the highest proportion of consoli-
dated substrate and with forested riparian zones with the highest
amount of native vegetation in the landscape (Table 1). A second
group, termed intermediate, was more similar to the reference
group and was formed by four stream sites, with intermediate
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Figure 2. Stream sites grouped by their environmental characteristics
by using UPGMA (Unweighted Pair Group Method with Arithmetic
Mean). Height at y-axis refers to Euclidean distance.

Table 1. Environmental variables (mean * standard deviation) from
reference, intermediate and impacted stream groups.

Variables Reference Intermediate Impacted

Depth (cm) 13.73+£1.98 13.82£4.39 10.62 +2.41
Wet width (m) 3.16+0.79 2.56 £0.78 2.18 £0.64
Water velocity (m/s) 0.22+0.11 0.13£0.08 0.22+0.14
Hard substrate (%) 65.78 £10.10 41.11+8.73 30.09 + 20.03
Grass in the riparian zone (%) 18.00 £ 19.32 23.75+20.16 7292 £15.69
Native vegetation

(% in 100 m buffer upstream) 94.23 £12.90 89.49 +£11.20 45.38 +29.37
Native vegetation

(% in 500 m buffer upstream) 95.45+4.24 72.27 £14.82 81.85+12.32
Native vegetation 88.25+1548  63.92:8388 57.20 + 25.96

(% in the whole catchment)

values for the majority of variables (Table 1). The third group was
formed by six impacted stream sites that had unconsolidated sub-
strate, grass covering most of the riparian zones, and less forested
catchments (Table 1). The fourth group was formed by a single
stream site (S8). Given the characteristics of this stream, which
fit with the typicaly highly degraded streams of agroecosystems,
we consider this stream as belonging to the third group (Fig. 2,
Table 1). There were no differences among groups of streams
with respect to the hydrological variables depth (F(2,13) = 2.35,
p =0.13), wet width (F(2,13) = 2.73, p = 0.13), and water velocity
(F(2,13) =0.76, p = 0.48).

A total of 4,079 individuals in five orders, 12 families,
and 30 species were sampled. The species accumulation curves
reached the asymptote, indicating that the species sampling
was representative (see Suppl. material 1: Table S1 and Fig. S1).
The order Characiformes was dominant, representing 81 % of
all individuals, followed by Siluriformes, which represented 17
% of the total abundance. Richness varied from 7 to 21 and

Table 2. Performance of the metrics in distinguishing streams accord-
ing to their conservation status, with the corresponding F statistic
and p-value. For each sensitive metric, the redundant metrics (R >
|0.75]) are shown. (+) positive correlation with the sensitive metric;
(-) negative correlation with the sensitive metric.

Metrics Redundant metrics F(2,13) p-value
W-statistic (-)
Shannon diversity (-)
Berger-Parker dominance index 10.78  0.001

Pielou evenness (-)

% omnivorous individuals (+)

% individuals of Siluriformes (-)
% individuals of Characidae (+)

% individuals of Characiformes 3.82 0.05
% individuals of Loricariidae (-)

% benthic individuals (-)

% individuals of Characidae (-)
% individuals of Loricariidae (+)
% water column individuals (-)

% benthic individuals (+)

% rheophilic individuals % nektobenthic individuals (+) ~ 7.24  0.001

% aquatic invertivorous indi-

viduals (+)
% omnivorous individuals (=)
% detritivorous/periphytivorous
individuals (+)

Abundance 1.15 NS
% individuals of Gymnotiformes 2.52 NS
% individuals of Heptapteridae 0.02 NS
% individuals of Characiformes + Siluriformes 117 NS
% terrestrial invertivorous 0.36 NS

the most abundant species was Knodus cf. chapadae (46% of the
total abundance).

Of the 20 metrics, only eight non-collinear metrics were
retained for the assessment of monitoring potential (Table 2).
Three metrics met the response criteria in distinguishing the
stream groups: dominance of Berger-Parker (F(2,13) = 10.8, p <
0.01), percentage of individuals of Characiformes (F(2,13) = 3.82,
p = 0.05), and percentage of rheophilic individuals (F(2,13) =
7.24,p<0.01) (Table 2, Fig. 3). The pairwise comparison among
the three groups of streams showed that the first two metrics
distinguished impacted from intermediate and reference streams
(Fisher’s LSD, p < 0.04) (Fig. 3). However, these metrics were
unable to distinguish reference and intermediate streams (Fish-
er’s LSD, p>0.53). The percentage of rheophilic individuals was
higher in reference than in intermediate and impacted streams
(Fisher’s LSD, p < 0.03), and no differences occurred between
the latter two groups (Fisher’s LSD, p = 0.34) (Fig. 3). The three
sensitive metrics (dominance of Berger-Parker, percentage of
individuals of Characiformes, and percentage of rheophilic
individuals) were redundant with 13 other metrics (Table 2).
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Figure 3. Box-and-Whisker plots of the three sensitive metrics. Rect-
angles represent the 1t and 3™ quartiles, small squares are medians,
bars are maximum and minimum values. Different letters indicate
statistically significant differences.

DISCUSSION

We found that at least three metrics were capable of dis-
tinguishing streams in contrasting conditions. Accordingly, they
can be useful for identifying the conservation status of streams.
Thus, our study assists with the fundamental step of incorpo-
rating bioindicators in environmental assessment frameworks,
which is the identification of sensitive metrics (Bonada et al.
2006, Roset et al. 2007).

The stream groups identified by us represent the typ-
ical physionomies present in agroecosystems (Terra et al.
2013b, Teresa and Casatti 2017). The reference streams have
well-preserved riparian forests, with a dominance of woody
vegetation. These streams also have good physical integrity,
with high environmental complexity, and hard substrate that
maintains high species richness (Dala-Corte et al. 2016). On
the other hand, impacted streams have more unconsolidated
substrate, which is evidence of the siltation process that is
currently underway in the region (Borges et al. 2015). These
impacts, associated with riparian forest removal and loss of
native vegetation surrounding streams, cause habitat homo-
geneity, favoring tolerant fish species that become abundant
(Lorion and Kennedy 2009). The most dominant species was
Knodus cf. chapadae, a species with high phenotypic plasticity
(Teresa et al. 2016). Like its congener, K. moenkahusii, this
species seems to be tolerant of environmental degradation,
with a great ability to exploit niche opportunities in degraded
streams (Ceneviva-Bastos et al. 2007).

Despite the high proportion of minimally disturbed land-
scapes (Borges et al. 2016), the region has been experiencing
livestock and crop expansion, especially in lowlands, which
threatens the conservation of rivers and streams. As exemplified
by Knodus cf. chapadae, in impacted conditions, some opportu-
nistic species may be favoured, while many specialized species
tend to experience a reduction in their populations (Casatti
et al. 2009). Our results suggest that other species of Characi-
formes may be dominant in impacted streams. In fact, many
species (particulary Characidae) of this order are active water
column swimmers (Souza et al. 2014). Their ability to exploit
the entire water column makes them greatly flexible regarding
feeding items (Moraes et al. 2013). Consequently, they are not
dependent on physical structures that are lost in degraded
streams, such as fallen leaves, logs or stable substrate (Bozzetti
and Schulz 2004).

In streams with steep slopes, like those studied here, runs
and riffles are prevalent along the longitudinal gradient. Thus,
an abundance of rheophilic species is expected. Most of these
species are dependent upon hard substrates, where they find
suitable microhabitat and food resources (Teresa et al. 2016).
However, with the increased runoff of terrestrial sediments,
the stream bed becomes silted and less suitable for rheophilic
species. In this context, the metric “percentage of rheophilic
species” was informative enough to discriminate intermediate

ZOOLOGIA 35: e12895 | DOI: 10.3897/zoologia.35.e12895 | March 22, 2018 5/8


https://doi.org/10.3897/zoologia.35.e12895

013°

# ZOOLOGIA

s-.-%°  AnInternational Journal for Zoology

M.P. Avila et al.

conditions from the reference. The importance of rheophilic
species as bioindicators has been documented in other studies
(Terra et al. 2013b, Mostafavi et al. 2015). Armored catfishes,
which have benthic and periphytivorous habits (Teresa and
Casatti 2012), compose this functional group. Indeed, in our
study the percentage of rheophilic species was correlated with
the percentage of Loricariidae individuals, of benthic individu-
als, and detritivorous/periphytivorous individuals.

Our sensitive metrics are complementary, as they allow
to distinguish different stream conditions along the gradient
of perturbation. Two metrics (dominance and percentage of
Characiformes) are capable of distinguishing more impacted
streams. However, at intermediate levels of disturbance these
metrics should be uninformative. In these cases, the percent-
age of rheophilic individuals would allow the discrimination
of reference from intermediate conditions. Therefore, these
three metrics can be used jointly to improve the discrimina-
tory power of assessment indices when the goal is to classify
regional streams according to their environmental condition.
In fact, the capacity to discriminate different conditions along
a gradient of environmental perturbation is a desirable feature
of bioindicators (Bonada et al. 2006).

Recently a new fish-based multimetric index has been
developed for streams in the Brazilian savannah (Carvalho et
al. 2017). However, we found that the response of at least one
sensitive metric (i.e. percentage of characiformes fish) contra-
dicted the findings of Carvalho et al. (2017). Other metrics
(e.g. percentage of Trichomycteridae and percentage of Poecilia
reticulata individuals) are not applicable in our study system,
since these taxa were not recorded. Therefore, the validation
of context-specific metrics are fundamental, given the fact
that indicators cannot be reliably used across different regions
(Teresa and Casatti 2017). In summary, our results suggest that
physical habitat degradation and changes in land cover in the
riparian zone and in the catchment can be detected by fish-
based metrics. We expect that our results, coupled with recent
iniciatives (Carvalho et al. 2017), represent part of the initial
efforts to develop reliable bioindicators for the streams in the
Brazilian savannah.
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