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ARTICLE INFO ABSTRACT

Keywords: Reliable biological assessments are essential to answer ecological and management questions but require well-
Community ecology designed studies and representative sample sizes. However, large sampling effort is rarely possible, because it
Biological diversity demands large financial resources and time, restricting the number of sites sampled, the duration of the study

Stream insects
Procrustes
Minimal sampling effort

and the sampling effort at each site. In this context, we need methods and protocols allowing cost-effective
surveys that would, consequently, increase the knowledge about how biodiversity is distributed in space and
time. Here, we assessed the minimal sampling effort required to correctly estimate the assemblage structure of
stream insects sampled in near-pristine boreal and subtropical regions. We used five methods grouped into two
different approaches. The first approach consisted of the removal of individuals 1) randomly or 2) based on a
count threshold. The second approach consisted of simplification in terms of 1) sequential removal from rare to
common species; 2) sequential removal from common to rare species; and 3) random species removal. The
reliability of the methods was assessed using Procrustes analysis, which indicated the correlation between a
reduced matrix (after removal of individuals or species) and the complete matrix. In many cases, we found a
strong relationship between ordination patterns derived from presence/absence data (the extreme count
threshold of a single individual) and those patterns derived from abundance data. Also, major multivariate
patterns derived from the complete data matrices were retained even after the random removal of more than half
of the individuals. Procrustes correlation was generally high (> 0.8), even with the removal of 50% of the
species. Removal of common species produced lower correlation than removal of rare species, indicating higher
importance of the former to estimate resemblance between assemblages. Thus, we conclude that sampling de-
signs can be optimized by reducing the sampling effort at a site. We recommend that such efforts saved should be
redirected to increase the number of sites studied and the duration of the studies, which is essential to encompass
larger spatial, temporal and environmental extents, and increase our knowledge of biodiversity.

1. Introduction standardized sampling effort (Bonar et al., 2011), particularly when
many species are rare and represented by one or two individuals, or
Reliable assessment of biological assemblages demands robust and present in one or two sampling units (Gotelli and Colwell, 2009; Kanno
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et al., 2009). These rare species may be common in other habitats
(Sgarbi and Melo, 2018), but sampling all habitats and their species in
streams and rivers is not an easy task (Hughes et al., 2012; Li et al.,
2014). Extensive sampling is rarely feasible in large-scale field surveys,
particularly within a short-time frame (Magurran, 2017) or when fi-
nancial resources are scarce (Smith et al., 2003; Buss et al., 2015;
Angelo, 2017; Magalhaes, 2017; Siqueira et al., 2017). Thus, we need
methods and protocols that increase our knowledge about how biodi-
versity is distributed in space and time to advance ecological under-
standing. Yet, caution should be taken when advising such guidelines,
as non-ideal sampling may lead to flawed conclusions (Stout and
Vandermeer, 1975; Cao and Hawkins, 2005; Chao et al., 2009). In this
sense, a key issue in basic and applied ecology is to decide an adequate,
minimal sample size to optimize time and financial resources in bio-
diversity research (Hughes and Peck, 2008).

An adequate sampling effort is intrinsically related to the objective
of surveys and the distinctiveness of the assemblages under comparison.
For instance, studies aiming to estimate species richness tend to require
a higher sampling effort than those aiming to estimate beta diversity
(Schneck and Melo, 2010) because the former is very dependent on rare
species which are collected at very low rates in the accumulated sam-
plings (Melo, 2004; Kanno et al., 2009). Studies on functional diversity
should also require a high sampling effort if rare species contribute
disproportionally in terms of uncommon traits (Leitao et al., 2016).
Regarding the distinctiveness of the assemblages under comparisons,
low sampling effort is enough to detect differences among assemblages
if this difference is large. For example, a reduced sampling effort is
enough to detect severe human disturbance on ecosystems. Yet, a high
sampling effort is needed if disturbance is weak or if the survey is in-
tended to detect early signals of disturbance, for example, when only
sensitive or rare species are expected to disappear (Firmiano et al.,
2017). Comparisons among assemblages across near-pristine environ-
mental gradients should also require a high sampling effort, because no
loss of species is expected and differences should mostly be due to
species turnover as a result of local species sorting.

One potential way to attain time- and cost-effective sampling is the
use of minimal, but adequate, number of sampled individuals.
Determining the adequate sample size may be difficult for metrics based
on species richness, due to its strong dependency on accumulated
sampling of individuals (Gotelli and Colwell, 2001; Melo, 2004; Cao
and Hawkins, 2005). However, this may not be a major problem when
estimating assemblages resemblance (Cao et al., 2002; Cao and
Hawkins, 2005; Schneck and Melo, 2010). This is because individuals
are sampled haphazardly and, on average, the estimated relative
abundances of species are close to those observed in nature (Marchant,
2002). Moreover, although some rare species are not detected, these
species may have a minor weight in the analyses of assemblages (Yu
et al., 2017), particularly for dissimilarity indices based on abundance
data (Marchant, 2002; Draper et al., 2019). Accordingly, reduced
sample sizes may be enough to estimate common species and, thus,
properly reflect compositional resemblance between assemblages (Cao
and Hawkins, 2005; Legendre and Legendre, 2012).

A second strategy to obtain reliable and cost- and time-effective data
is to use thresholds of individuals counted for a given species. The
threshold strategy consists of counting a maximum number of in-
dividuals per species within a sample (Blanchet et al., 2016). The ra-
tionale is that species presenting more than a given (threshold) number
of individuals are regarded as common and that further counting should
not bring much more information. The use of thresholds may be time-
and cost-effective mainly for sorting small organisms in the laboratory,
because it would not be necessary to separate all individuals belonging
to the most common species. Yet, this strategy needs the proper iden-
tification of individuals, a task that may take a long time to accomplish.
Thus, it should be mostly feasible for coarse taxonomic levels (e.g. fa-
mily) or during the identification phase, after sorting of individuals.
However, one advantage of the species-threshold approach, as
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compared to reducing the total count of individuals per sample, is that
all sampled individuals are assessed (but not counted) and thus best
estimates of species richness are obtained.

The estimation of resemblance between assemblages using either
rare or common species has been a controversial issue among ecologists
(Cao et al., 1998; Marchant, 2002; Poos and Jackson, 2012; Yu et al.,
2017), although the use of only one of them may have some metho-
dological advantages. For example, low sampling effort is sufficient to
detect common species and correctly estimate their relative abun-
dances. In fact, researchers often remove rare species from assemblage
datasets because they may add noise to multivariate analyses
(Marchant, 2002; Queheillalt et al., 2002). Also, the taxonomy and
biology of common species is generally better known than that of rare
species because common species are widely distributed and usually
present in several biological collections. On the other hand, rare species
may sometimes provide better information than common species to
estimate resemblance between assemblages and, therefore, beta di-
versity patterns (Cao et al., 1998; Poos and Jackson, 2012). For in-
stance, common species may be present nearly everywhere and be poor
indicators of assemblage dissimilarity, whereas rare species may be
more sensitive to environmental differences and best discriminate as-
semblages (Cao et al., 1998; but see Marchant, 2002). The debate about
the use of rare or common species is unresolved, and it is thus necessary
that researchers know which group, rare or common, retains more in-
formation about variation in assemblage structure (Heino and Soininen,
2010; Siqueira et al., 2012; Alahuhta et al., 2014). One approach to
evaluate the effectiveness of the sole use of rare or common species
consists of removing species, from the rarest to the commonest species
(or vice versa), followed by the comparison of results against random
removal of species (Leitao et al., 2016; Roque et al., 2016; Graca et al.,
2017).

Many studies have evaluated the minimal sampling effort required
for biodiversity analyses (Gotelli and Colwell, 2001; Cao et al., 2002;
Cao and Hawkins, 2005; Chao et al., 2009; Saito et al., 2015; Blanchet
et al., 2016; Roque et al., 2016). However, particularities of the dif-
ferent regions across the world (e.g. variation in species richness,
density and proportion of rare species; Lang et al., 2019) may lead to
erroneous conclusions. This is the case of subtropical-tropical vs. tem-
perate-boreal systems. Stout and Vandermeer (1975), for example,
sampled insects in tropical and temperate streams, and found the
former to be more species rich. Yet, this was evident only after a large
sampling effort in tropical streams, which showed low density. Also,
Heino et al. (2018) found a difference in genus richness between boreal
and subtropical streams, with higher richness in the latter, particularly
at coarse spatial scales. The abundances also differed between regions,
but with subtropical streams harboring five-fold lower densities than
boreal streams (Heino et al., 2018).

Despite many studies evaluating minimal sampling effort, few stu-
dies have evaluated different sampling effort approaches, for instance,
the removal of individuals, samples or species. Also, many of the pre-
vious evaluations were done using strong disturbance gradients where
small sampling effort may easily detect differences between assem-
blages. We used stream insects from near-pristine subtropical and
boreal regions as model organisms and evaluated the minimal effort
needed to properly estimate the similarity between assemblages using
five methods grouped in two approaches. The first approach consisted
of 1) random removal of individuals within a sample, and 2) removal of
individuals based on counting thresholds. The second approach eval-
uated which subset of species, rare or common, best match the structure
observed in the complete set of species using three methods: 1) species
removal from the rarest to the commonest species; 2) removal from the
commonest to the rarest species and; 3) random species removal. The
efficiency of the two methods based on removal of individuals and the
three methods using different subsets of species was evaluated using
Procrustes analysis, which assesses the correlation between the com-
plete and the reduced datasets.
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2. Materials and methods
2.1. Study area

We used two independent datasets that were collected following
similar sampling protocols. The first dataset (BR dataset) was obtained
in the Carmo River catchment, Parque Estadual Intervales (24°S, 48°W),
state of Sao Paulo, Brazil. The vegetation of the area is tropical om-
brophilous submontane-montane forest (Melo and Froehlich, 2001).
The whole basin has high vegetation cover with well-preserved streams.
The streams were characterized by neutral to slightly alkaline, well-
oxygenated and oligotrophic waters (Valente-Neto et al., 2017). The
bedrock is composed of several types of rocks, but predominantly by
those of sedimentary origin (Melo and Froehlich, 2001).

The second dataset (FIN dataset) was obtained in the Oulankajoki
River basin, Oulanka National Park (66°N, 29°E), north-eastern Finland.
The study area has considerable altitudinal differences, and the vege-
tation varies from pristine coniferous forests to mixed-deciduous ri-
parian woodlands (Heino et al., 2013). The headwater streams are
generally near-pristine, with alkaline waters, with low to high con-
centrations of humic substances and low to moderate nutrient con-
centrations. The bedrock is composed predominantly of calcareous
rocks (Heino et al., 2013).

2.2. Sampling design

For both datasets, 10 riffles were sampled in each of nine streams (9
streams X 10 riffles = 90 riffles) in the first half of September 2009
(FIN) and April 2015 (BR). The distance between streams ranged from
~220 m to ~12 km in BR and from ~1100 m to ~19 km in FIN. In each
stream, riffles were sampled from near its confluence with the Carmo
River (BR) and the Oulankajoki River (FIN) to upstream. The distance
between consecutive sampled riffles varied from 25 to 50 m in BR
(Valente-Neto et al., 2017) and from 50 to 200 m in FIN (Heino et al.,
2013).

For both datasets, aquatic insects were sampled in each riffle site
using a kick net (mesh size = 0.33 mm) during 2 min in an accumu-
lated effort of four 30-seconds sample units (Heino et al., 2013; Valente-
Neto et al., 2017). The sampling was designed to include all main ha-
bitats of each riffle (Heino et al., 2013; Valente-Neto et al., 2017). In-
sects sampled in each riffle were preserved in ethanol and transported
to the laboratory, where all individuals were counted and identified to
genus level. Both datasets included the insect orders Ephemeroptera,
Plecoptera, Trichoptera, Coleoptera and Odonata.

2.3. Statistical methods

We considered the set of 10 riffles in each stream as being a me-
tacommunity (Heino and Gronroos, 2013). As these two regions differ
in a number of ways, we performed the analyses for each region se-
parately. Our interest was in the variation among riffles (local assem-
blages) within each stream (metacommunities). Thus, the meta-
community was the level for which a pattern was evaluated.
Accordingly, despite the high number of sampled riffles, averages used
in the comparisons were obtained for the metacommunity level (i.e.
nine streams).

2.3.1. Individual-based reduction in sampling effort methods

For each stream data, we generated reduced datasets by randomly
removing part of the individuals from each riffle. The proportion of
individuals removed varied sequentially from O to 0.95 with intervals of
0.05. In other words, we created nested datasets using random se-
quential subsamples of different proportions of individuals. As the re-
moval was at random, some genera with one or a few individuals in the
full riffle data may have been missing in the reduced dataset. However,
all riffles remained in the reduced datasets as removal was performed
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within each riffle. We generated 100 reduced datasets for each pro-
portion value (20) of each stream, totaling 36,000 matrices (2 re-
gions x 9 streams X 20 proportion values X 100 reduced datasets).
We also created reduced assemblage data by defining a threshold of
maximum number of individuals counted per genus within a riffle
(Blanchet et al., 2016). The threshold values started from one in-
dividual and were increased sequentially up to the largest number of
individuals found for a genus within a riffle within a given stream.
Threshold values were restricted to the observed abundance values in
the riffle sample. Note that, in one extreme, the threshold of one in-
dividual equals the use of presence-absence data, whereas in the other
extreme the threshold of the highest number of individuals in a sample
equals the use of the complete abundance data (Blanchet et al., 2016).

2.3.2. Taxon-based reduction in sampling effort methods

We also created reduced data by removing genera sequentially ei-
ther from the rarest to the commonest (RtoC) or from the commonest to
the rarest ones (CtoR). Genus abundance was defined as the total
number of individuals per genus within each riffle of a stream. We se-
quentially removed genera from the rarest (RtoC) or from the com-
monest (CtoR) until we reached 50% of the genera present in each
stream data. We also generated reduced datasets by removing genera
randomly. The removal of genera was sequential, producing nested
datasets until 50% of the total number of genera was reached in each
stream. We generated 100 reduced datasets for each number of random
genera excluded and for each stream site.

2.3.3. Concordance between reduced and complete assemblage data

We evaluated the concordance between the ordination produced
with the complete species dataset and the ordination produced with
reduced datasets using a Procrustes analysis (Peres-Neto and Jackson,
2001). In a typical application using two sets of scores (with the sam-
pling sites as matrix rows) from an ordination method (see below),
Procrustes analysis involves, first, scaling the sets of scores so that the
sizes of their distributions (in p-dimensions) are similar. Second, ordi-
nation axes are rotated until the distances between their sites and the
corresponding sites of the other set (which is kept as a reference) are
minimized. These procedures produce a badness-of-fit statistic (called
m?), which can be transformed to a goodness-of-fit statistic (r), where
r =1 — m?. In our study, a high value of r indicates that the ordina-
tion pattern of the riffles generated by a reduced dataset is concordant
with the pattern generated by the complete dataset.

We calculated biological dissimilarities for the complete and cor-
responding reduced datasets (10 riffles in a stream) using the Bray-
Curtis index on log (x + 1) transformed data and the Sgrensen index on
presence-absence data. Due to the characteristics of the threshold ap-
proach to reduce sampling effort (Blanchet et al., 2016), only abun-
dance data were used. Next, we used Principal Coordinates Analysis
(PCoA) to ordinate riffles. We performed Procrustes analysis based on
the first five PCoA axes as described above.

2.3.4. Efficiency in recovering ordination patterns

We fitted a local polynomial regression (locally estimated scatter-
plot smoothing — LOESS) to summarize the relationship between our
measure of efficiency in the recovery of the patterns of complete da-
tasets (Procrustes correlation r) and the amount of reduction in the
sampling effort. We used this class of regression because of the non-
linear nature of these relationships. The amount of reduction in the
sampling effort was standardized considering the proportion of in-
dividuals and genera removed in each assemblage (for analyses based
on the removal of individuals and genera, respectively). LOESS was
fitted with the a parameter equal to 0.5. The a parameter controls the
proportion of points in a neighborhood in relation to x-axis, which in-
fluence and are used to fit (using weighted least squares) each y-value.
Finally, we computed a 95% confidence interval based on the Student t



L.F. Sgarbi, et al.

distribution for each fitted y-value.

We used the R language to perform all analyses (version 3.4.2; R
Core Team, 2017). The multivariate analyses were performed using
functions available in the vegan package (Oksanen et al., 2017). The
LOESS was computed using the function ‘loess’ of the stats package (R
Core Team, 2017).

3. Results

The BR dataset included a total of 35,382 individuals belonging to
81 genera. The genus richness and the number of individuals per riffle
ranged from 18 to 50 (mean = 31.86) and from 142 to 837
(mean = 393.13), respectively. The site-occupancy of genera, pooling
all 10 riffles at all nine stream sites, ranged from 1 to 90 riffles
(mean = 35.4), and the abundances of genera varied from 1 to 6101
individuals (mean = 436.81).

The FIN dataset included 66,710 individuals belonging to 51
genera. The genus richness and the number of individuals per riffle
ranged from 6 to 26 (mean = 15.08) and from 41 to 3490
(mean = 741.22), respectively. The site-occupancy of the genera
ranged from 1 to 87 riffles (mean = 26.61), and the abundances of
genera varied from 1 to 34,966 individuals (mean = 1308.04).

3.1. Individual-based reduction in sampling effort

We observed moderate to high values of Procrustes correlation
(always above 0.62) even with the removal of 95% of the individuals
(Fig. 1; see Supporting information S1 for curves of individual streams),
with both random and threshold removal approaches, and for both BR

and FIN datasets. For the random removal method, the transformation
into presence-absence data (Fig. 1A and C) resulted in lower Procrustes
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Fig. 1. Smooth curves fitted by LOESS and their respective 95% confidence
interval (shaded area) for the effects of the proportion of individuals randomly
removed (orange) or threshold counting (blue) on multivariate Procrustes
correlation between reduced and complete assemblage data. Shown are the
results for Brazil (A and B) and Finland (C and D). Analyses were performed
using presence-absence (A and C) and log abundance data (B and D). Threshold
counting could be performed only for abundance data. The range of the y-axes
follows the variation among individual streams (available in the Supporting
information S1).
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Fig. 2. Smooth curves fitted by LOESS and their respective 95% confidence
interval (shaded area) for the effects of the proportion of species richness re-
moved from the rarest to the commonest (RtoC, red), commonest to rarest
(CtoR, green) or randomly removed (purple) on multivariate Procrustes cor-
relation between reduced and complete assemblage data. Shown are the results
for Brazil (A and B) and Finland (C, D). Analyses were performed using pre-
sence-absence (A and C) and log-transformed abundance data (B and D). The
range of the y-axes follows the variation among individual streams (available in
the Supporting information S1.2).

correlations than those using abundance data (Fig. 1B and D). More-
over, we observed that the use of threshold counting always produced
higher Procrustes correlation values than those produced by the
random removal of individuals (Fig. 1B and D).

3.2. Taxon-based reduction in sampling effort

Procrustes correlations were always high (> 0.8), even with the
removal of 50% of the genera present in the matrices (Fig. 2; see Fig. S2
for curves of individual streams). Results were consistent between the
BR and FIN datasets. For presence-absence data, we did not observe
differences among RtoC, CtoR or random removal of species for both
datasets (Fig. 2A and C). On the other hand, analyses based on abun-
dance data were dependent on the way in which genera were removed
(Fig. 2B and D). Specifically, the highest Procrustes correlation values
were obtained in RtoC, while the CtoR approach was the poorest in
recovering the structure observed in the complete assemblage data,
indicating the importance of common species. Random removal of
genera produced intermediate results (Fig. 2B and D).

4. Discussion

The results supported our hypothesis that reduced sets of sampled
individuals and species are sufficient to reproduce ordination patterns
obtained with the complete set of individuals and species. We also
found that the use of abundance data produced higher correlation va-
lues than the use of presence-absence data. Despite the high correlation
values for both the random removal of individuals and the counting
threshold approaches, the latter was able to retain much more in-
formation, even when using a notably reduced proportion of the total
number of individuals. The three forms of taxon removal on presence-
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absence data produced similar correlations to the complete datasets. In
contrast, we observed a strong negative effect of the removal of
common genera for Procrustes correlation based on abundance data. A
striking result was that even removing 80% of the sampled individuals
within a stream, or 50% of genera, we still found congruent datasets
that indicated the original ordination patterns.

Total genus richness was higher in the subtropical (81 genera) than
in the boreal (51 genera) region, whereas abundance was much higher
in the boreal than in the subtropical region (see also Heino et al., 2018).
Thus, it is interesting that the results were similar despite the striking
differences in geographical and ecological settings between the regions.
This is in agreement with a study on butterflies and moths in farmlands
of Romania, Spain and Sweden, where species richness varied among
countries, but adequate sample sizes were similar (Lang et al., 2019). In
general, this convergence of patterns suggests that our results are ap-
plicable to a wide range of climates and stream benthic macro-
invertebrate assemblages provided the spatial and environmental ex-
tents are relatively short as the ones studied here.

Presence-absence data are more accessible than abundance data.
For instance, while sorting stream invertebrates from sediments re-
searchers may start picking large and easily identified species, and then
focus on non-seen species and discard those species already recorded.
Abundance data are more informative (Blanchet et al., 2016), but re-
quire more time and resources to be obtained, particularly for high-
density assemblages such as those of stream macroinvertebrates. We
found that as individuals were removed from samples, the presence-
absence data lost information about assemblage structure at a much
higher rate compared with abundance data. This result has been ob-
served before, where the use of abundance data recovered subtle eco-
logical patterns not detected using presence-absence data (Melo, 2005).
This result, however, may depend on the extent of the study. Our study
included samples in relatively homogenous environments within short
spatial (~1 km) and environmental (e.g. absence of human dis-
turbances) extents. As spatial/environmental extent increases, abun-
dance values may respond more strongly to local processes, such as
niche selection and ecological drift, and reduce proper estimates of
assemblage resemblance. In these cases, presence-absence may be as
good as, or better than, abundance data (Wilson, 2012).

Threshold counting performed very well and produced more reli-
able results than random removal of individuals. This approach keeps
incidence information for all taxa and maintains partial information
about their abundances. Therefore, threshold counting recovers much
of the information present in the complete dataset, even with low
sampling effort (Blanchet et al., 2016). However, its practical use is
hampered because individuals must be identified before being dis-
carded from counting. While this may be effective for samples con-
taining abundant and easily-recognized species, it is impractical when
individuals need to be carefully examined. In contrast, the random re-
moval of individuals can be easily performed using subsamples (Ligeiro
et al., 2013; Saito et al., 2015) and, despite its lower performance in
relation to the threshold counting method, it still produced relatively
high Procrustes correlation values (i.e. > 0.7) at very low sampling
effort.

Although we only partially understand the processes controlling the
distribution of rare or common species (Magurran and Henderson,
2003; Alahuhta et al., 2014; Connolly et al., 2014; Sgarbi and Melo,
2018) and the importance of the use of common (Marchant, 2002;
Queheillalt et al., 2002) or rare species (Faith and Norris, 1989; Cao
et al., 1998) in multivariate analyses, our results provided some prac-
tical guidelines to optimize studies of stream benthic macro-
invertebrates. The removal of rare or common genera provided similar
Procrustes correlations using presence-absence data. On the other hand,
common genera were very important to estimate resemblance between
assemblages using abundance data. Our results align with those by
Draper et al. (2019), who showed, using trees in western Amazonia,
that a very small subset of dominant species (99 out of 2031 species)
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was enough to recover beta diversity and distance-decay patterns. In
contrast, the removal of rare species did not affect strongly the esti-
mates of resemblance between assemblages present in the complete
abundance-based dataset. There is some evidence that rare species can
be as important as the common ones in studies of assemblage-en-
vironment associations (Wilson and Meurk, 2011; Siqueira et al., 2012;
Leitao et al., 2016). Yet, many rare species may constitute transient
species, collected accidentally (Magurran and Henderson, 2003; Sgarbi
and Melo, 2018), and it can be argued that their inclusion may bring
noise to analyses (Marchant, 2002; Queheillalt et al., 2002). In fact,
removal of rare species did not affect substantially the relationship of
local assemblages of Amazonian butterflies and plants (Graca et al.,
2017), although it affected the resemblance between stream fish as-
semblages in Canada (Poos and Jackson, 2012), and estimates of
functional diversity of fish, birds and trees (Leitao et al., 2016). Ac-
cordingly, our finding of the low importance of rare species to recover
resemblance between assemblages may be system-specific and likely
cannot be widely generalized.

Our results show that random removal of genera performed simi-
larly as the removal of rare or common genera in the recovery of re-
semblance between assemblages using presence-absence data. This re-
sult corroborates a previous study showing that the exclusion of part of
the ant genera (where species separation is difficult) did not cause
important loss of information (Vasconcelos et al., 2014). It is also in line
with studies showing that coarser taxonomic resolution can be used to
identify human-impacted and reference sites (Whittier and Van Sickle,
2010) or to separate sites according to ecological factors (Melo, 2005).
Accordingly, it can be suggested that, in many cases, selecting only
those species that are easy to count (e.g. large individuals) or identify
(genera/families including easily recognized species/genera) may still
retain good estimates of assemblage compositional variation. Further
studies should evaluate whether the use of traits (instead of taxonomic
entities) would produce similar results in the assessment of assemblage
dissimilarity among pristine streams. One may argue that the trait ap-
proach is effective in recovering anthropogenic disturbance gradients
(e.g. Castro et al., 2018), but may have low power to detect differences
when the study does not include strong gradients that would select
specific sets of traits.

We conclude that a reduced sampling effort may be sufficient to
recover resemblance between assemblages detected with complete
data. Also, the sole use of common species alone or a random subset of
species may represent adequately the complete assemblage data. Thus,
sampling designs can be optimized in many cases by reducing sampling
effort at a site and increasing the number of studied sites and, conse-
quently, enlarging spatial and environmental extents of ecological
studies. This is particularly relevant in studies involving small in-
vertebrates, where much time is spent in the sorting and identification
of individuals.
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