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ECOSYSTEMS

The use of genus-level determinations and
biovolume classes as surrogates to indicate
environmental drivers of stream diatom
communities in the Brazilian Pampa

ANA PAULA TAVARES COSTA & FABIANA SCHNECK

Abstract: The demand for low-cost and time-efficient biomonitoring and ecological

assessment strategies has increased due to threats to biodiversity. We evaluated the

ability of surrogates (genera and biovolume classes) to access information provided by

diatom species. Moreover, we investigated whether the relative importance of spatial and

environment on diatom communities identified at the genus or classified at biovolume

classes reflects the ecological responses at the species. We used biotic, environmental,

and spatial data from Pampa streams. We employed Procrustes analysis to detect

whether the spatial variation of communities at the species level was represented by the

surrogates and variation partitioning to evaluate the relative importance of spatial and

environment. We found high congruence between the surrogates and diatom species

communities. Furthermore, whilst both spatial and environment were important to

explain species composition, only the environment was important for both surrogates.

We suggest that the use of genus-level determinations can provide information about

the environmental relationships of species, whereas biovolume classes may be useful

to detect changes in diatom communities. These results are a first step to seek for

strategies aiming to simplify biological monitoring and assessments at pampean

streams, especially considering the demand for the identification of organisms at the

species.

Key words: congruence, grassland, lotic environment, metacommunity, Procrustes, vari-

ance partitioning

INTRODUCTION

Understanding freshwater biodiversity patterns
is a challenge, especially in species-rich regions,
such as the tropics and subtropics (e.g., Siqueira
et al. 20123, Trindade et al. 2018). This is because
of the lack of reliable information about species
identities (Hortal et al. 2015), in addition to the
time spent on sample processing (Carneiro et
al. 2010, de Oliveira et al. 2020). Such difficulties
increase when anthropogenic impacts are
part of the scenario as they may affect the
composition of communities in different and
unexpected ways, frequently resulting in biotic

homogenisation (Siqueira et al. 2015, Petsch
2016) or differentiation (Vieira et al. 2022).
As a consequence, biodiversity assessments
and biomonitoring programmes of freshwater
ecosystems tend to be expensive and time-
consuming, which reduces the sampling effort
in both space and time (Bevilacqua et al. 2015).

One way to overcome the absence of
detailed information at the species level and
to make biomonitoring programmes more cost-
and time-effective is the use of surrogates
(Margules & Pressey 2000). In general, a good
surrogacy candidate needs to reflect the
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patterns observed at the species level (de
Oliveira et al. 2020). However, a high congruence
between information at the species level and
the surrogate is not sufficient as it is necessary
that the surrogates also respond to spatial and
environmental predictors similarly to species,
especially for biomonitoring and ecological
assessment purposes. In freshwater ecosystems,
coarser taxonomic resolutions are good
surrogates of species (e.g., Godoy et al. 2019,
Riato et al. 2022), a relationship usually referred
to as the higher taxon approach (see de Oliveira
et al. 2020 for a meta-analysis). Furthermore,
functional classifications have been widely used
as surrogates (Gallego et al. 2012, Mueller et al.
2013). However, it is still necessary to advance
further and test not only the higher taxon
approach in less studied ecosystems around
the world but also the surrogacy efficiency of
simple and easily obtainable morphometric
characteristics of species. One alternative is the
classification of organismsinto size or biovolume
classes, which could drastically reduce the effort
to represent community structure without losing
information provided at the species level (e.g,
Wunsam et al. 2002, Ribeiro et al. 2020).
Diatoms are among the most common
bioindicators in freshwaters due to their
wide distribution and ease to sample
(Stevenson et al. 2010). Moreover, diatom
species are characterised by large differences
in their tolerances to chemical and physical
characteristics of freshwater ecosystems, such
as nutrient concentrations and flow velocity
(Virtanen & Soininen 2012). However, it is a highly
diverse group for which species identification
is based on the analysis of small structures
only distinguished by trained taxonomists, in
addition to the need for a constant literature
update since the nomenclature changes
frequently (Rimet & Bouchez 2012a). In this
sense, studies have evaluated the efficiency

SURROGATES FOR SPECIES STREAM DIATOMS AT THE PAMPA

of using coarse taxonomic resolutions and
easily obtainable traits as surrogates for
biomonitoring and assessment programmes
(e.g, Rimet & Bouchez 2012a, Algarte et al. 2014,
Riato et al. 2022). Moreover, non-taxonomical
metrics, such as the number and volume of
lipid bodies, the frequency of valve deformities
and size classes, have gained prominence in the
literature in recent years (Costa & Schneck 2022).
This is because biomonitoring and ecological
assessments based on such metrics are more
time- and cost-effective when compared to the
obtention of information at the species level for
all communities (e.g., Pandey et al. 2018a, b).

Here, we investigated the efficiency of a
taxonomic and a morphometric approach as
surrogates of information at the species level
for stream diatom communities in the Brazilian
Pampa region. Specifically, we tested whether
the identification of genera and the use of
biovolume classes are effective in representing
the spatial variation in the structure of diatom
communities. Moreover, we investigated the
relative importance of environmental and
spatial variables in determining this variation
and whether the surrogates under evaluation
respond similarly to diatom species.

MATERIALS AND METHODS
Study area

We sampled 25 low-order streams in the Ibicui,
Santa Maria and Vacacai-Mirim hydrographic
basins in southernmost Brazil (Figure 1) during
austral summer (February 2020). The basins
differ mostly in their land use and cover, with
the Santa Maria and Vacacai-Mirim basins
dominated by agriculture, whereas the Ibicui
basinis mainly covered by naturalgrasslands.The
climate is humid subtropical, with hot summers
and without dry seasons (‘Cfa’ of Kdppen
classification) (Alvares et al. 2013). The sampling
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Figure 1. 25 streams sampled in the Brazilian Pampa Biome distributed in Vacacai-Mirim, Santa Maria and Ibicui
hydrographic basins, Rio Grande do Sul state.

area is within the Pampa biome, also known as
the Rio de la Plata Grasslands (Baeza et al. 2022).
The region is characterised by the predominance
of native grasslands (campos) (Overbeck et al.
2007), being the largest temperate grassland
area in South America, covering approximately
75 million hectares in Uruguay, central-eastern
Argentina and southernmost Brazil (Soriano
1991). The conversion of the natural landscape
into agricultural areas, especially for the
cultivation of soy, rice and silviculture, has been
intensified in recent years (Overbeck et al. 2007,
Oliveira et al. 2017) threatening terrestrial and
freshwater ecosystems. Moreover, conservation
policies do not adequately contemplate the
Pampa, which is considered the most neglected
biome in Brazil (Overbeck et al. 2007) and

among the most altered ecoregions of the world
(Watson et al. 2016).

Sampled streams were dominated by
grasslands within the riparian area, with sparse
shrub formations and less commonly with
riparian vegetation dominated by trees. At the
Santa Maria and Vacacai-Mirim hydrographic
basins the streambeds are characterised by the
predominance of sand and silt, whereas at the
Ibicui basin, it is common to observe pebbles,
cobbles, and boulders, in addition to sand and
silt.

Biological and environmental variables

At each stream site, we sampled biological and
environmental variables from one stretch of 100
m. We sampled three subsamples of benthic
diatoms from the surface of streambed sediment
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by using a syringe. The material from the three
subsamples was pooled and preserved in 4%
formalin. In the laboratory, the material was
acid-cleaned according to Metzeltin & Garcia-
Rodriguez (2012). We prepared permanent slides
of diatoms using Naphrax” (Brunel Microscopes
Ltd., Chippenham, UK) and counted 500 valves
from each stream, using a light microscope with
1,000x magnification. We identified diatoms at
the lowest possible taxonomic level, mostly
species, using specialised bibliography such as
Metzeltin et al. (2005) and Metzeltin & Garcia-
Rodriguez (2012). After identification, we used
published biovolume-based classes to classify
the taxa into five biovolume classes: 1(< 99 pm3),
2 (100-299 pm3), 3 (300-599 pm3), 4 (600-1,499
pum3), 5 (> 1,500 um?3) (Rimet & Bouchez 2012b).

We measured pH, dissolved oxygen (mg L),
electrical conductivity (uS c¢cm™) and total
dissolved solids (g L") using a Horiba U-50
multiparameter probe. At each stream, we
made 10 measurements for each variable. We
measured current velocity (cm s™), stream width
(m) and depth (cm) at five random locations. We
also sampled 500 mL of surface water at each
stream for the analysis of total nitrogen (Allen et
al. 1974) and total phosphorus (Valderrama 1981;
Baumgarten et al. 1996). For further analyses,
we used the mean of each variable per stream
(Table ).

Data analyses

We performed principal components analysis
(PCA; Legendre & Legendre 1998) to summarise
the environmental variation among streams.
For this, all variables were standardized to zero
mean and unit variance. The interpretation of
the results was based on the axes retained using
the Broken-Stick criterion (Jackson 1993).

We used principal coordinates analysis
(PCoA) to summarise the variation in diatom
community composition for species, genus and

SURROGATES FOR SPECIES STREAM DIATOMS AT THE PAMPA

biovolume classes, using presence-absence and
abundance data. For this, we used the Sgrensen
(presence-absence) and the Bray-Curtis
(logarithmised abundance + 1) dissimilarity
coefficients (Legendre & Legendre 1998). To
evaluate the congruence between the species
dataset and the surrogates, we compared the
ordination sample scores from PcoAs obtained
with the species dataset with those obtained
with each of the surrogates, using Procrustes
analysis (Jackson 1995, Peres-Neto & Jackson
2001). The Procrustean superimposition is
represented by the sum of squared differences
(m2) between matrices. In this sense, the lower
the value of m?, the greater the similarity
between ordination matrices. We transformed
the values of m2 to r (Procrustes correlation).
We used partial redundancy analysis (pRDA;
Legendre & Legendre 1998) to evaluate the
relative importance of spatial and environmental
factors on the community composition of
diatoms for species, genus and biovolume class
matrices. Before pRDA, we applied the Hellinger
transformation on the biotic matrices (Legendre
& Gallagher 2001). We generated the spatial
predictor matrix using Moran eigenvector maps
(MEM), with eigenvectors extracted from a
Principal Coordinate of Neighbouring Matrices
analysis (PCNM; Borcard & Legendre 2002). We
used the minimum spanning tree criteria to
truncate the distance matrix. In this analysis,
the MEMs with the lowest values represent
fine spatial scales, and those with higher
values represent large spatial scales. The
environmental matrix was determined after the
exclusion of collinear variables with a variance
inflation factor (VIF) higher than 3. The final
environmental matrix contained eight variables:
pH, dissolved oxygen, electrical conductivity,
total phosphorus, total nitrogen, width, depth
and current velocity. We then used redundancy
analyses to test the significance of each global

An Acad Bras Cienc (2024) 96(3) €20230634 4 | 14



ANA PAULA TAVARES COSTA & FABIANA SCHNECK

SURROGATES FOR SPECIES STREAM DIATOMS AT THE PAMPA

Table I. Mean of environmental variables from 25 streams sampled in the Brazilian Pampa. Cond = electrical
conductivity; DO = dissolved oxygen; TDS = total dissolved solids; TP = total phosphorus; TN = total nitrogen; Vel =

current velocity.

Sweam | PH | (ngl) (sem) | ()
1 8.2 8.4 0.24 0.23
2 7. 7.6 012 0.07
3 7.3 73 0.07 0.04
4 7.8 11 0.22 014
5 74 5.6 010 0.07
6 6.9 4.3 0.06 0.04
7 6.9 73 0.04 0.02
8 7.2 79 0.06 0.03
9 73 4.2 0.45 0.29
10 8.0 8.7 0.30 019
M 75 7.8 0.03 0.02
12 7.7 8.6 0.04 0.02
13 74 6.9 0.04 0.02
14 6.6 5.0 0.03 0.02
15 71 72 0.05 0.03
16 73 6.6 015 0.09
7 79 79 0.07 0.04
18 7. 8.0 0.04 0.02
19 75 6.2 0.08 0.06
20 7.6 7.6 0.04 0.03
21 74 7.0 0.06 0.04
22 8.4 7.8 012 0.08
23 7.5 6.4 omnm 0.07
24 75 8.0 0.07 0.05
25 73 6.7 0.07 0.04

model (i.e, a model using the complete set of
spatial predictors and another model using
the complete set of environmental predictors,
separately for each biological matrix).

We proceeded with the analysis only if
the global model for a given set of predictors
was significant (P < 0.05). In this case, we used
a forward selection with two stopping criteria:

P TN Vel Width Depth
(rgl) | (mgLl")  (cms?) (m) (cm)
85.0 12 <1.0 24 481
5917 13 26.5 51 30.6
244.8 12 <1.0 22 193
726 07 <1.0 5.2 491
521 0.6 <1.0 5.9 49.8
105.6 13 <1.0 22 349
941 0.8 <10 25 239
38.8 0.6 <1.0 19 255
215.2 16 <10 39 303
1023 15 <1.0 31 16.9
1344 09 <1.0 12 202
10811 0.8 <1.0 7.7 24.0
529 0.6 <1.0 54 56.0
57.0 0.6 <10 23 47.2
1781 09 <1.0 22 45.0
43.0 0.4 210 11 17.5
471 0.6 239 3.0 14.6
306 0.5 664 22 219
49.6 07 <10 10 9.5
114 05 <1.0 55 54
25.7 0.6 9.7 41 16.8
29.0 0.8 <10 13 9.8
273 0.8 <1.0 19 39.8
331 07 305 41 73
96.5 0.6 385 4.7 11

the significance of each explanatory variable
smaller than 0.05 and the adjusted coefficient
of multiple determination (adjusted R?) of
the reduced model smaller than the adjusted
R’ of the global model, as recommended by
Blanchet et al. (2008). The retained explanatory
variables were then used in pRDA to partition
biological variation into four fractions: [E]
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pure environmental component, [E-S] spatially
structured environmental component, [S]
pure spatial component and [UN] residual
unexplained variation. Finally, we tested the
significance of the pure environmental and pure
spatial components using 999 permutations,
and the explained variation was estimated
using adjusted R’ (Peres-Neto et al. 2006).
Finally, to visualise the relationships between
each biological dataset and the environment we
constructed RDA plots for each approach using
the selected environmental variables. We used
the R environment for all analyses (R Core Team
2020), with the packages car (Fox & Weisberg
2011), vegan (Oksanen et al. 2017), adespatial
(Dray et al. 2016) and ggplot2 (Wickham 2016).

RESULTS

The sampled streams varied in their
environmental characteristics (Table I; Figure 2).

SURROGATES FOR SPECIES STREAM DIATOMS AT THE PAMPA

According to the Broken-Stick criterion, the first
two axes of the PCA were retained and explained
52% of the variation in environmental data. The
first principal component explained 32% of data
variation, being positively related to current
velocity and negatively to electrical conductivity,
total dissolved solids, total nitrogen and
stream width (Figure 2). The second principal
component explained 20% of the variation and
was positively related to dissolved oxygen and
pH and negatively related to depth and total
phosphorus (Figure 2).

We found 245 diatom species from 50
genera (Supplementary Material - Table SI).
Diatom species richness ranged from 37 to 81
per stream. The more abundant genera were
Navicula (15%), Nitzschia (14%), Encyonema
(8%) and Achnanthidium (6%). All other genera
comprised less than 5% of abundance. Regarding
diatom biovolume classes, the most abundant

6 4 2 0 2 4 Figure 2. Principal Component
S ! ‘ I ! J ' Analysis (PCA) using
” | . environmental variables from 25
PH. streams in the Brazilian Pampa.
" Yy DO Numbers represent the streams
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one was class 3 (300-599 pm3). Only the smallest
biovolume class (1) did not occur in all streams.

Both surrogates showed significant but low
congruence with the dataset at the species level
when presence-absence data were used, with
identification at the genus-level and biovolume
class data showing correlations of 0.57 and 0.56
(P < 0.001) with the species dataset, respectively.
As expected, when using abundance data,
congruence with the species-level data
increased for both the genus-level (r = 0.97; P
< 0.001) and the biovolume-class (r = 0.84; P <
0.001) datasets.

The variation in diatom species
composition was partially explained by pure
environmental, pure spatial and spatially
structured environmental components, which
accounted for similar variation for both
presence-absence or abundance data. However,
those three components together explained
14% of the variation for abundance data but
only 5% for presence-absence data (Table
Il; Figure 3). Furthermore, whilst only total
nitrogen significantly explained the variation
for presence-absence data, stream width, pH

SURROGATES FOR SPECIES STREAM DIATOMS AT THE PAMPA

and total nitrogen explained the variation in
composition based on abundance data. The
selected spatial variables were PCNMs 1 and
3 for presence-absence data and 1 and 5 for
abundance data.

Regarding both surrogates, variation
partitioning showed similar patterns. In all cases
(i.e., genus-level identification and biovolume-
class approaches for both presence-absence
and abundance data), the pure spatial fraction
did not significantly explain the variation in
diatom composition. However, both approaches
presented similar results as those found
for species in relation to the environmental
component (Table II; Figure 3). The dataset based
on biovolume classes better explained variation
in composition, with the pure environmental
and the spatially structured environmental
components accounting together for 39% and
25% of the variation for presence-absence
and abundance data, respectively (Table IlI;
Figure 3). More important is that the selected
environmental variables were mostly the same
as those selected for the species dataset: total
nitrogen for presence-absence data and stream

Table Il. Results of the partial redundancy analysis (pRDA) of environmental and spatial models explaining the
variation in stream diatom community composition for datasets identified at the species level, genus level, or cell
biovolume classes. Environmental and spatial variables (PCNM) selected in the final model. Values of significance
(P < 0.05) for the global environmental (pGIE]) and global spatial (pG[S]) models. Adjusted R* values for pure
environmental (Adj R? [E]), spatially-structured environmental (Adj R? [E-S]) and pure spatial (Adj R? [S]) fractions.
Values of significance (P < 0.05) for the environmental (p[E]) and spatial (p[S]) fractions.

Environmental | Spatial = pG[E]
Presence-absence

Species TN 1,3 0.03
Genus TN 1 0.02
Size class N 1 0.02

Abundance
Species Width, pH, TN 1,5 0.001
Genus Width, pH, TN 1 0.006
Size class Width, TN 1 0.01

pGIS] | AdjR?’[E] ' AdjR*[E-S] AdjRS] plE] @ plS]
0.002 0.2 0.01 0.02 | 0.003 | 0.04
0.040 0.6 0.01 002 | 0.001 005
0.030 027 012 0.00 | 0.008 096
0.006 = 0.6 0.05 003 | 0.007 | 0.04
0.020 011 0.04 001 | 0.001 013
0.040 | 016 0.09 001 | 0.008 026
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width and total nitrogen for abundance data, for
all three approaches (Table I1). The exception
was the relationship of species and genus-level
datasets with pH, which was not selected when
biovolume classes were used.

In fact, the directions of the relationships
with environmental gradients were similar for
all the three approaches (Figure 4). There was a
strong gradient of total nitrogen at the first axis,
in which species of Cocconeis (Figure 4a) and
the genera Cocconeis and Diadesmis (Figure 4b)
were positively associated with nitrogen-rich
streams, mostly located at agricultural areas (see
Figure 1), as was the case for biovolume class 5,
the largest one (Figure 4c). The environmental
gradient represented by the second axis of
the RDAs showed that Achnanthidium and
Encyonema were mainly related to narrow
streams with high pH (Figure 4a and b), most of
them occurring in grassland-dominated areas
(see Figure 1), whereas Navicula was related to
wide streams (Figure 4a and b) in agricultural
areas. Moreover, the smallest biovolume classes
(1, 2, and 3) were related to narrow streams with
low total nitrogen concentrations (Figure 4c).

@) ®)

m _-

000 000
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DISCUSSION

We found that both surrogate approaches,
identification to the genus level and
classification of species in biovolume classes,
showed high congruence with the dataset
identified to the species level when abundance
data were used, but not for presence-absence
data. Moreover, surrogates partly reflected the
environmental responses of species but not the
effects of space. These results indicate that both
approaches can be good candidates to represent
the composition of diatoms in Brazilian Pampa
streams.

The efficiency of freshwater surrogates has
long been investigated as an alternative for
describing biodiversity patterns and defining
more cost- and time-efficient biomonitoring
programmes (e.g., Bevilacqua et al. 2015, Godoy
et al. 2019, Riato et al. 2022). Here, we found
that the identification of diatoms at a coarse
taxonomic level and the use of a morphometric
non-taxonomical approach present high
congruence with the original species matrix
based on abundance data. Moreover, we
found that the use of surrogates reduces the

Figure 3. Partition of the
variance of the diatom
community composition
(species and genus) and
diatom biovolume classes
for presence-absence (a)
and abundance data (b).
E = environmental; E+S =
- Shared variation between
B:. space and environment; S=
H:  spatial; UN= Unexplained
variation.

Speces Genus, Sue dass Species
Groups

Gons
Groups
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unexplained variation from partitioning analysis,
which may be related to a reduction in the noise
derived from multiple species in the analysis
of community-environment relationships (e.g.
Godoy et al. 2019). In this sense, our results
are of great relevance, especially considering
the demand of time and the effort required
to assess communities at the species level
for biomonitoring and ecological assessment
programmes and considering the Linnean
shortfall for microorganisms (e.g., Marrone et al.
2023), which may hinder the correctidentification
of species. This is true especially for less studied
freshwater ecosystems, as is the case of Pampa
streams in South America.

In addition to a high congruence, our
results suggest that genus-level information
can substitute species-level data to represent
the main species-environment relationships of
stream diatom communities. This has practical
importance in the biomonitoring and ecological
assessment context, for which useful surrogates
or indicators need to detect the ecological
status of the ecosystem of interest (Landeiro
et al. 2012, Siqueira et al. 2012b). Moreover, we
suggest that biovolume classes may be good
surrogacy candidates to detect changes in the
composition of diatom communities, but it
may be premature to consider this approach to
represent species-environment relationships.

(@) (b)

SURROGATES FOR SPECIES STREAM DIATOMS AT THE PAMPA

This is because potential information may be
lost due to the low number of environmental
variables retained in the analysis in comparison
with the species and genus-level approaches.
The environmental variables that best
explained the variation in the composition
of diatom communities clearly represent
the ecological status of the studied streams.
The importance of stream width in low-order
Brazilian Pampa streams is probably related
to habitat heterogeneity and differences in
light incidence in the streambed (e.g., Pacheco
et al. 2022). For example, despite the riparian
zones of most of the sampled streams being
dominated by natural grasslands, those streams
less impacted by agriculture also have low-
density arboreal riparian vegetation. In fact,
the negative relationship of Achnanthidium
with stream width reinforces the suggestion of
a relation with light incidence, as this genus is
characterised by organisms living in the bottom
layer of the periphytic biofilm and thus adapted
to the reduced light availability (Passy 2007,
Schneck et al. 2022). Furthermore, nitrogen is
related to the variation of diatom species among
freshwater ecosystems (e.g.,, B-Berés et al. 2014,
Huttunen et al. 2020). In our study, streams with
high nitrogen concentrations are those within
agricultural landscapes, mainly at the Santa
Maria and Vacacai-Mirim hydrographic basins,

(©

RDA2 (7%)
00
RDA2 (8%)
o0

RDA2 (10%)
02 tr) 02

ROAT (11%)

ROAT (14%)

00
RDAT (21%)

Figure 4. Redundancy Analysis (RDA) using diatom communities composition based on abundance data for
species (a), genera (b) and biovolume classes (c). Species abbreviations: Achnminu: Achnanthidium minutissimum;
Coccegl: Cocconeis placentula var. euglypta; Coccplac: Cocconeis placentula; Cymbtumi: Cymbella tumida; Encysp1:
Encyonema sp1; Naviros: Navicula cf. rostellata; Nitzpale: Nitzschia palea. Numbers represent the streams sampled;

TN = total nitrogen.
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in which nutrients are more easily leached to
streams (Carpenter etal.1998). Although nitrogen
is often a limiting factor for algal growth (Kumar
& Bera 2020), the excessive input of nitrogen of
anthropogenic origin (i.e. agricultural runoff in
the context of our study) degrades water quality,
leading to eutrophication (Schindler 2006) and
changes in the composition of freshwater diatom
communities (e.g. Tan et al. 2014, Huttunen
et al. 2020), as we found here. For instance, A.
minutissimim and the genus Encyonema, which
showed a negative relationship with nitrogen-
rich streams, are commonly classified as
sensitive to multiple stressors from agricultural
runoff (e.g., Waite et al. 2020). On the other
hand, diatoms usually documented in polluted
streams, such as C. placentula (e.g., Celekli et
al. 2019) and Diadesmis (e.g., Wood et al. 2019)
were positively related with total nitrogen in our
study. These results indicate that those species
and genera more strongly related to nitrogen
concentrations could be good indicators of
agricultural impacts in Brazilian Pampa streams.
Finally, regarding biovolume classes, the relation
of large classes with agricultural streams can
be explained by the limitation of nitrogen. This
is because the increase in cell volume in algae
communities can be drive by nitrogen availability
(Peter & Sommer 2014). Thus, we suggested that
larger biovolume classes may be indicative of
streams influenced by nitrogen input, while
smaller biovolume classes may be indicative of
grassland streams in Brazilian Pampa.

In our study, the spatial component was
important only to explain the variation in the
composition of species. The relevance of space
for diatom communities may be associated with
the differences in their dispersal capacity due
to the auto-ecological characteristics of species
within communities. For example, planktonic
and motile species can benefit from dispersal
through mass effects due to water flow in

SURROGATES FOR SPECIES STREAM DIATOMS AT THE PAMPA

relation to attached diatoms (e.g., Jamoneau
et al. 2018). Moreover, by grouping species into
genera or biovolume classes, we simplified the
data matrix in a way that most groups occur
in all sites, reducing the pure spatial effect
that may hinder the responses of organisms
to major environmental factors of interest for
biomonitoring and assessment programmes.
As highlighted by Siqueira et al. (2012h), better
indicator groups are those for which the
metacommunity structure is determined mostly
by environmental factors and not by spatial
ones.

We found that the use of abundance data
resulted in higher percentages of explained
variance than presence-absence data, for both
species and genera datasets. This effect of
numerical resolution in analyses of communities
is commonly observed (e.g., Mueller et al. 2013,
Szabo et al. 2018, Sgarbi et al. 2020) and related
to the larger amount of ecological information
provided by common species compared to rare
species (Blanchet et al. 2016) Abundance data
improve the detection of more subtle differences
among communities, whereas incidence data
are better in detecting large differences in
species composition (Melo 2005, Blanchet et al.
2016), as may be the case in studies performed
at larger spatial or environmental extents than
ours (Wilson 2012). Thus, the choice between
using incidence or abundance data should be
a compromise between the effort needed to
obtainabundance information, the spatial extent
of the sampling, and the detail of ecological
information needed for a specific purpose.

We recognise that the main caveat of our
study is that our analyses were based on a
single sampling in 25 streams. In this context,
we cannot predict whether the surrogates
would represent the variation in diatom species
composition and the ecological responses
of species at different seasons. Moreover, the

An Acad Bras Cienc (2024) 96(3) €20230634 10 | 14



ANA PAULA TAVARES COSTA & FABIANA SCHNECK

snap-shot sampling may partly explain the
high percentage of unexplained variation in the
composition of diatom communities. This high
percentage of unexplained variation is common
in metacommunity studies with diatoms (e.g.,
Soininen et al. 2016, Szabo et al. 2018), and may
be related to the stochasticity of community
organization or to processes involving
unmeasured environmental variables (e.g., Szabo
et al. 2018), such as silica content, heavy metals
and pesticides or natural disturbance regimes
resulting in uneven spate-producing rainfall.
In this sense, to improve the knowledge of the
validity of using surrogates for biomonitoring
purposes in streams from the Pampa region, we
suggest that a necessary further step is to test
the surrogacy approach over time and, most
importantly, over a larger spatial extent.

In conclusion, there is a high congruence
between diatom communities at the levels of
species and genus and between species and
biovolume classes when abundance data are
used. We also found that all datasets showed
similar responses in relation to environmental
factors and that the surrogates were not related
to spatial factors, a desired characteristic for
bioindicator candidates. We suggest that genus
level is a good surrogate candidate to provide
information about the species-environment
relationships, whereas biovolume classes may be
useful to detect changes in diatom communities.
However, it is important to highlight that the
use of such surrogates may affect our ability to
detect species losses or more subtle changes
in the composition of communities due to
anthropogenic impacts, and should thus be
used for specific purposes. Moreover, the use
of biovolume classes may prevent the detection
of disturbances based on the environmental
tolerances of species. Finally, our results
contribute to a deeper knowledge of surrogacy in
freshwater ecosystems from the Brazilian Pampa
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biome and its importance to simplify aquatic
biomonitoring and ecological assessments
when using diatoms as bioindicators, especially
in relation to taxonomic difficulties at the
species level. Thus, the choice of surrogates to
the detriment of species-level information may
be an alternative to be evaluated for reducing
the time and effort required for biomonitoring
and ecological assessment studies.
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