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ABSTRACT
Is a rare diatom relevant for Brazilian reservoirs?

Planktonic diatom data sets were compared within different rarity categories to verify their responses using the weighted
average (WA) approach. Our hypothesis is to proportionally reach an increased performance for the WA model by reducing the
taxa weight according to their categories considering that the use of various cut-off criteria may affect the predictive abilities
of different models. The underlying assumption is that WA models are unable to characterize optima and tolerances for low-oc-
currence taxa; in addition, their overriding may improve the overall model performance. Therefore, we developed forty
diatom-training sets for six reservoirs located at two different basins in the Southwest Sao Paulo, Brazil. 339 diatom taxa were
identified and built different models based on their relative abundance values, occurrence frequency, and the data set with no
species deletion. The optimum and tolerance per taxon through the WA formula (Zelinka-Marvan weighted averages) was
estimated according to their abundance values, in addition to using the pH in the data sets to infer the environmental conditions
based on the sample taxonomic composition. First, the procedure using the complete dataset was repeated and subsequently
with the down weighting taxa according to their rarity categories. The following procedures were advanced: comparison of
predicted and measured pH values via regression analysis, and estimation of the species deletion effects on the predictive ability
of the different models in terms of the coefficient of determination values (r2) of the response curves. In contrast to what is
expected, since r2 values down weighting rare taxa had negative effect on the transference functions, data sets manipulation had
significant influence on WA models performance. However, deleting non-abundant taxa had a positive effect on p values, thus
providing robust reconstructive relationship. This work contributes to an improved understanding on diatom ecology, especial-
ly in tropical reservoirs, supporting the development of a diatom biological monitoring protocol for the study area.
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RESUMO
Uma diatomdcea rara é relevante para os reservatorios brasileiros?

Comparamos conjuntos de dados de diatomdceas plancténicas com diferentes categorias de raridade para verificar suas
respostas usando a abordagem da média ponderada (WA). Partimos da hipotese que ao ponderar os tixons de acordo com
suas categorias de raridade, um aumento aproximadamente proporcional no desempenho do modelo de WA pode ser obtido.
A suposi¢do subjacente é que os modelos de WA sdo incapazes de caracterizar otimos e tolerdncias para taxons com baixas
ocorréncias, e que o desempenho geral do modelo pode ser aprimorado substituindo-os. Para isso, quarenta ‘training sets’ de
diatomdceas foram desenvolvidos para seis reservatorios localizados em duas bacias distintas no sudoeste de Sdo Paulo,
Brasil. 339 taxons de diatomdceas foram identificados e diferentes modelos foram construidos com base em suas abunddncias
relativas, frequéncias de ocorréncia e o conjunto de dados sem delegdo de espécies. Além disso, o 6timo e a tolerdncia de cada
taxon foram estimados com a formula WA (médias ponderadas de Zelinka-Marvan) de acordo com sua abunddncia nas
amostras e o pH nos conjuntos de dados utilizados para inferir as condi¢ées ambientais com base na composigdo taxonémica
da amostra. Primeiro, repetimos o procedimento com o conjunto de dados completo e depois com os tdaxons ponderados de
acordo com suas categorias de raridade. Os valores de pH previstos e medidos foram comparados através de andlise de
regressdo. Os efeitos da delegdo de espécies na capacidade preditiva dos diferentes modelos foram estimados em termos dos
valores do coeficiente de determinagio (r2) das curvas de resposta. Manipulagdo de diferentes conjuntos de dados influenciou
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significativamente o desempenho dos modelos WA. Contrdrio ds expectativas, tendo em conta os valores r2, a ponderagdo dos
taxons raros afetou negativamente as fungoes de transferéncia. No entanto, a exclusdo de taxons ndo abundantes teve um efeito
positivo nos valores de p, propiciando uma relagdo reconstrutiva robusta. O trabalho contribui para uma melhor compreensdo
da ecologia de diatomaceas, especialmente as de reservatorios tropicais, apoiando o desenvolvimento de um protocolo de

monitoramento biologico de diatomdceas para a drea de estudo.

Palavras chave: Brasil, curva gaussiana, diatomaceas, indicador biologico, otimo ecologico, pH, tolerancia ecologica

INTRODUCTION

Freshwater ecosystems support unique and com-
plex ecological communities and have a critical
role as a resource for humans. For this reason,
ecologists are often asked to assess or monitor the
“health”, “status” or “condition” of these ecosys-
tems (Bailey et al., 2004).

The literature has well-documented reports of
algae application in environmental assessment in
aquatic habitats, particularly lakes and streams
(Dixit & Smol, 1994; Stevenson et al., 1999;
Weilhoefer & Pan, 2006). Among algae, diatoms
are worldwide used over the past 50 years in
water quality monitoring (Round, 1991), for
representing good indicators of water conditions
because of their short life cycle and narrow
ecological tolerance of many taxa (Dixit et al.,
1992; Charles & Smol, 1994). Furthermore, their
siliceous frustules are usually easily preserved in
sediments, and can provide valuable information
on past environments (Smol & Glew, 1992;
Moser et al., 1996).

Water quality indices based on diatoms are
considered to provide more precise data than
chemical and zoological assessment methods
(Leclercq, 1988; Omar, 2010). However, the
choice of a bioindicator group must meet certain
criteria, such as the unambiguous identification
of each taxon (Cox, 1991; Céspedes-Vargas et
al., 2016). Usually, calculations of diatom indica-
tors are based on a weighted-averaging (WA), a
model that considers the relative abundances of
all taxa in a sample of the site, and the auto
ecological parameters of the taxa (Stevenson et
al., 1999). Such parameters can be used to predict
values of any given environmental variable based
on species composition simply by averaging the
indicator values of species that are present (Ellen-
berg, 1979; Ter Braak & Looman, 1986).

Limnetica, 40(1): 103-116 (2021)

However, the excellence of WA-based
estimations depends on (1) the shape of the
response curves, (2) the definition of each indica-
tor value, and (3) the distribution of the indicator
values along the environmental variable (Ter
Braak et al, 1986). Nevertheless, the WA
approach is mathematically considered very
simple and easy to understand. It is also worth
mentioning that its quality has proven similar or
even superior in relation to other commonly
applied methods, and has been used in routine for
environmental paleolimnological reconstructions
(Hamaildinen, 2000). For example, for rare
species (species with low maximum probability
of occurrence and/or narrow tolerance), WA
proved nearly as efficient as the Gaussian logistic
regression (GLR, a form of the generalized linear
model that fits a Gaussian-like species response
curve to presence-absence data) in most scenarios
(Ter Braak et al., 1986).

Despite of representing the vast majority of
the species in an assemblage (Gaston, 1994;
Kunin & Gaston 1997; Marchant et al., 1997;
Hessen & Walseng, 2008; Alahuhta et al., 2014;
Gillet et al., 2011; Mouillot et al., 2013), rare
species are frequently neglected in statistical
analyses, which set relative abundance or occur-
rence criteria before applying a species-based
transfer function for the uncertainty of their
optimal (Bellen et al., 2017). Recently, studies
linking rarity to bioassessment have demonstrat-
ed that the number of diatoms in some rarity
categories can be useful indicators of human
disturbance in streams and rivers, especially in
mountain eco regions (e.g. Potapova & Charles
2004; Gillet et al., 2011).

Freshwater diatoms are very well studied and
largely regarded as a good bio-indicator for water
quality assessment due to their high diversity,
rapid turnover, and sensitivity to numerous envi-
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ronmental conditions (e.g. pH, organic and
inorganic pollution) (Prygiel & Coste, 1993; van
Dam et al., 1994; Foets et al., 2020), and a variety
of indices have been developed for this purpose
(e.g. Descy, 1979; Coste in Cemagref, 1982;
Sladecek, 1986; Coste & Ayphassorho, 1991;
Lenoir & Coste, 1996; Kelly & Whitton, 1995)
(Wu & Kow, 2002). These indices were derived
and mainly applied in temperate regions, and
there is little information concerning their appli-
cability in the tropics and subtropics (e.g. Wu,
1999; Wu & Kow, 2002; Taylor et al., 2007;
Bellinger et al., 2006). Besides, the use of
diatoms as indicators of water quality changes
has few precedents in South America (e.g.
Gomez, 1998; 1999; Gémez & Licursi, 2001).

In Brazil, most studies on diatoms as a
bioassessment tool were carried out in the south-
ern region of the country (e.g. Torgan & Aguiar,
1974; Lobo et al., 2004a; 2004b; 2004c; 2004d;
Lobo et al., 2006; Hermany et al., 2006; Diipont
et al., 2007; Salomoni ef al., 2006). Most of them
have been carried out in lotic systems and just a
few in reservoirs. In the state Sdo Paulo, Bere &
Tundisi (2010) applied the WA regression and
calibration of benthic diatom assemblages to
assess the importance of conductivity and pH in
the structuring of benthic diatom communities in
streams influenced by urban pollution (Sdo
Carlos city, Sdo Paulo state). Specifically for
Brazilian reservoirs, diatom research is mostly
linked to the AcquaSed project (Base line diagno-
sis and reconstruction of anthropogenic impacts
in the Guarapiranga Reservoir, focusing on water
supply sustainability and water quality manage-
ment in reservoirs of the Upper Tieté and
surrounding basins (e.g. Zorzal-Almeida et al.,
2017), aiming at further creating an inferential
model based on quantitative distribution of
diatom species in water and recent sediments.
Brazilian reservoirs have a predominant ecologi-
cal, economic and social role in this regard, and it
is essential to conduct integrated studies on such
artificial ecosystems, as well as their manage-
ment perspective (Henry & Nogueira, 1999).

Our study compares diatom datasets within
different rarity categories in terms of relative
abundance and occurrence frequency values to
verify a WA calibration performance of the water

pH, whose concentrations are considered a limit-
ing factor for the colonization of aquatic ecosys-
tems by different organisms (Esteves, 2011). This
environmental variable is often a major factor
influencing the species composition of freshwater
diatom assemblages (Round, 1964; Battarbee,
1980; Findlay & Shearer, 1992). In addition, a
strong relationship with diatom distribution was
demonstrated (e.g. Birks et al., 1990; Dixit et al.,
1992; Weckstrom et al., 1997). Our study also
shows a strongly significant correlation of this
environmental parameter during stepwise selec-
tion in a CCA of diatom assemblages with envi-
ronmental variables in the study area (Marquardt
et al.,2018), and was considered a relevant varia-
ble from our dataset, with a relatively long gradi-
ent. We used a training set composed of 40 phyto-
plankton diatom samples from six reservoirs
located in Southwest Sdo Paulo (Brazil). We used
the correlation (12) values of the observed-expect-
ed values resulting in the different models tested
to assess their relative precision. We expected to
obtain more accurate models by down weighting
rare taxa in the WA formula (Zelinka-Marvan
weighted averages). Since the choice of various
cut-off criteria may affect the predictive abilities
of different models (Wilson et al., 1996), our
hypothesis was that down weighting taxa accord-
ing to their rarity categories would proportionally
increase the WA model performance (e.g.
increases in 12). The underlying assumption is
that WA models are unable to characterize
optimum and tolerance values for low-occurrence
taxa, in addition to an improvement in the overall
model performance by overriding them (Payne et
al., 2006).

MATERIAL AND METHODS
Study area and field work

The six reservoirs studied are located in two
different basins: Ribeira do Iguape/Litoral Sul and
Alto Paranapanema. We selected Lamparelli’s
(2004) Trophic State Index (TSI) based on chloro-
phyll-a (Chl-a) and total phosphorous (TP) values
as a quantitative measure of the reservoirs trophic
state. According to the TSI and current measure-
ments, reservoirs were considered mostly
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oligotrophic and mesotrophic (Table 1). Phyto-
plankton and water were sampled during the
austral summer and winter in 2014 with a van
Dorn water sampler along the vertical profile from
20 sampling sites distributed along the reservoirs.
We measured the pH environmental parameter
data for the training set in the field concurrently
with the phytoplankton sampling using a multipa-
rameter probe (Horiba U-53). TP analysis
followed Standard Methods (APHA, 2005). Chl-a
corrected for phaecophytin was extracted by using
90 % ethanol (Sartory & Grobbelaar, 1984) (Table
1). Details of the study area and further informa-
tion on the limnological variables are available in
Marquardt et al. (2017, 2018).

Diatom sample preparation and analysis: The
preparation of diatom samples followed
Battarbee et al. (2001) over a procedure involving
hot digestion with hydrogen peroxide (H,O5) and
hydrochloric acid (HCI) (37 %). Through a series
of dilutions, peroxide and the acid were removed.
Subsequently, samples were dried on cover glass,
mounted in Naphrax (R.I. = 1.74), and examined
on a Zeiss Axio Imager A2 light microscope
equipped with DIC and a digital camera Axio-
CamMRS5. A total of 400 diatom valves were
counted along random transects at 1000x magni-
fication (Battarbee, 1986) and a minimum
sampling efficiency of 90 % (Pappas & Stoermer,
1996). Species abundances were calculated and
expressed as a percentage of the total diatom
counts per sample. Taxa were identified to the
lowest taxonomic level possible based on diatom
checklists, specific manuscripts, iconograph (e.g.
Krammer, 2000; Metzeltin et al., 2005;
Lange-Bertalot et al, 2011), and the on-line
catalogue of valid names (California Academy of
Sciences site, 2011). Frequent meetings and
discussions involving invited diatom taxonomy
experts enabled a high level of agreement regard-
ing diatom identification.

Weighted averaging regression and calibra-
tion: Diatom taxa derived from data collected as
part of the AcquaSed project based on 40 samples
referred here as training set.

To assess the effect of excluding rare taxa in
WA models, we developed several rarity aggre-
gation scenarios ranging from the complete data
set (all species), without any deletion criterion, to
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three rarity categories established according to
the relative abundance values (> 1 %, > 2 % or
>5 % of the whole dataset); in addition to other
three categories established according to their
occurrence frequency values (> 1 %, > 2 % or
> 5 % of the samples).

Subsequently, we calculated optimal and
species tolerance values for pH using the WA
approach based on Gaussian response curves of
the taxa (Ter Braak & van Dam, 1989), in which
each environmental variable value is the
weighed/weighed value of each environmental
variable based on their abundance in the samples
and the pH in the dataset (Lep$ & Smilauer, 2003)
(regression step). Although alternative unimodal
response curves could be fitted, a Gaussian model
represents a compromise between ecological
realism and simplicity (Ter Braak & van Dam,
1989; Holden et al., 2008).

To facilitate more direct comparisons of the
taxa tolerance to the reservoir pH, tolerance
ranges were rescaled within a 0-1 range; these
values representing the broadest and narrowest
tolerance values, respectively, observed within
the dataset:

Sto] = X — min / max — min

Subsequently, we used the computed taxon
auto ecological parameters to back-calculate pH
values based on the taxonomic composition of the
sample with the Zelinka-Marvan WA formula
(for each sampling station; calibration step):

pH=) ASV/D AV

Where the pH index value corresponds to the
mean value of the optimum (S) weighted through
abundance (A) and ecological tolerance (V).

Firstly, we repeated the procedure using the
complete dataset and later with down weighting
taxa according to their rarity categories (see
above). After generating all the predicted pH
values, we compared them with the measured
pH values via regression analysis. The effects
of species deletions on the different models
predictive ability were assessed in terms of
squared correlation (r2) values of the observed-
expected values.
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Figure 1. Probability of occurrence of some contrasting species in relation to pH in the six studied reservoirs, as fitted with logistic
regression. The curves can be identified by the code near their optimum indicated by dotted lines. The species arranged in order of their
optima are: Aulacoseira ambigua (AAMB); A. granulata (AUGR); A. pusila (AUPU); A. tenella (AUTL); Discostella stelligera
(DSTE) e Spicaticribra kingstonii (SKIN). Probabilidade de ocorréncia de algumas espécies contrastantes em relagdo ao pH nos seis
reservatorios estudados, adaptados a regressdo logistica. As curvas podem ser identificadas pelo codigo proximo ao seu otimo ideal
indicado por linhas pontilhadas.

All analyses were implemented using PAST
version 3.14 (Hammer et al., 2001).

RESULTS AND DISCUSSION

Diatom assemblage’s composition

A total 339 species were identified representing
51 diatom genera. Samples were dominated by

centric taxa, occurring in almost all sampling
sites, especially Discostella stelligera (Cleve &
Grunow) Houk & Klee, Aulacoseira tenella
(Nygaard) Simonsen and Spicaticribra kingstonii
J.R. Johansen, Kociolek & R.L. Lowe. Within the
study area, their abundance was correlated with
the Secchi disk transparency vector, considered
as indicators of oligotrophic conditions
(Marquardt et al., 2018). In contrast, Aulacoseira
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ambigua (AAMB), A. granulata (AUGR) and A.
pusila (AUPU) correlated to the total nitrogen
(NT) vector and lowest conductivity and Secchi
values (Marquardt ef al., 2018).

Species response curves

Most sites were acidic to slightly alkaline with pH
values ranging between 5.2 and 7.8 (see table 1).
We found that most diatoms exhibited symmetri-
cal, unimodal (bell-shaped) response curves
against this variable (Fig. 1), which makes the
WA a reliable model to infer pH values.
Considering relative abundance values, the
number of taxa per model declined from 339 in
the complete species data set to 56 taxa after
removing those with less than 1 % relative abun-
dance, remaining 36 taxa with relative abundance

Marquardt et al.

over 2 % and just 16 taxa with relative abundance
> 5 %. For the occurrence frequency values, the
numbers of taxa per model were of 61, 50 and 12,
respectively, for selective ranges of > 1 %, >2 %
and > 5 %.

The regression models were marginally
significant (p <0.07), except for>2 % (p =0.11)
and > 5 % (p = 0.11) datasets based on relative
abundance, and for the model > 1 % based on
occurrence frequency (p = 0.23) (Table 2). In
contrast, removal of rare taxa from the 40 diatom
training set sites according to their occurrence
frequency values improved the performance of
the WA models significantly, whereas the p
values decreased from 0.23 (> 1 %) to 0.07 (> 2 %,
> 5 %) (Table 2). However, the model retaining
all taxa had the lowest p (0.02), and the highest r2
(0.12) values (Fig. 2A-G; table 2).

Table 1. Means and standard deviation of abiotic variables in the six studied reservoirs. Abbreviations: Secchi (Secchi disk transparen-
cy depth), pH, TP (total phosphorus), Chl-a (chlorophyll-a), TSI (Trophic State Index). FR (Cachoeira do Franga), FU (Cachoeira da
Fumaga), SE (Serraria), JP (Jurupara), SI (Salto do Iporanga), PI (Paineiras). Numbers refer to sample units. Médias e desvio padrdo
das variaveis abioticas nos seis reservatorios estudados. Abreviagées: Secchi (profundidade de transparéncia do disco Secchi), pH,
TP (fésforo total), Chil-a (clorofila-a), TSI (Indice de Estado Trdfico). FR (Cachoeira do Franca), FU (Cachoeira da Fumaca), SE
(Serraria), JP (Jurupara), SI (Salto do Iporanga), PI (Paineiras). Os nimeros referem-se as unidades amostrais.

Secchi pH TP Chl-a TSI (Anual Mean)
FR1 1.748.5 7.3£0.9 5.5+22  5.444.8 Oligotrophic
FR2 1.9+0.2 7.3£1.3 10.0£7.5 4.1242 Oligotrophic
FR3 1.7£0.005 7.9+0.6 6.6£3.7 20.2426.5 Oligotrophic
FR4 1.720.1 8.6£0.6 6.8£2.5 22.8429.7 Oligotrophic
FU1 2.6+1.7 6.5£0  5.1+1.6 1.7+0.4 Ultraoligotrophic
FU2 2.8+1.5 6.8£0.7 8.4+2.1 3.4+1.1 Oligotrophic
FU3 2.1+0.3 6.6£04 58+£2.7 3.3+2.3 Oligotrophic
SE1  4.0+1.8 74+1.1 8.1+2.9 1.8+0.7 Oligotrophic
SE2 3.7+14 7.3+0.6 8.0£1.5 4.6+2.2 Oligotrophic
SE3  4.2+14 6.6£0.2 8.5£3.7  7.6+0.7 Oligotrophic
JP1 1.5£0.8  6.4£1.3 19.5+4.2 16.8%1.8 Mesotrophic
JP2 19404 6.6+0.1 16.6£0.3 10.1+0.7 Mesotrophic
JP3 22402 6.6+0.1 13.5£0.7 7.1x1.2 Mesotrophic
JP4  2.1+04 6.8+0.2 13.3£1.9 6.6+3.7 Oligotrophic
SI1 1.5£0.2  8.0£2.1 32.1+£3.7 36.7£37.6 Mesotrophic
SI2 1.9+£0.4 7.8€2  23.1+1.5 17.4%15.3 Mesotrophic
SI3 1.740.6  7.942.1 25.6+£3.8 36.8+44 Mesotrophic
PI1 0.7£0.7  6.7£0.4 20.3+0.3  9.845.7 Mesotrophic
P12 1.3£0.5 6.9+0.6 16.2+0.4 6.942.7 Mesotrophic
PI3 1.3+0.3  7.1+£0.5 16.3£2 4.8+3.1 Oligotrophic
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Table 2. Comparative performance among predictive models data sets based on relative abundance and occurrence frequency
produced by regression analysis of the predicted and measured pH values. (V = ecological tolerance). Percentages refers to the rarity
aggregation scenarios based on the data set with no species deletions (All species), relative abundances (> 1 %, > 2 %, > 5 %) and
occurrence frequencies (> 1 %, >2 %, > 5 %). Desempenho comparativo entre os conjuntos de dados de modelos preditivos com base
na abunddncia relativa e na frequéncia de ocorréncia produzida pela andlise de regressao dos valores de pH previstos e medidos. (V
= tolerdncia ecologica). Porcentagens se referem aos cenarios de agregagdo de raridade com base no conjunto de dados sem delegoes
de espécies (All species), abundancias relativas (= 1 %, > 2 %, > 5 %) e frequéncias de ocorréncia (=1 %, >2 %, > 5 %).

Relative abundance

Occurrence frequency

Number of species 339 56

36 16 61 50 12

Correlation Allspecies >1% 22% =25% =>21% 22% =25%
R 0.35 029 023 024 019 028 0.28
r? 0.12 0.08 0.05 0.06 0.03 0.08 0.08
RMSE 8.26 565 52 497 341 788 794
A% 2.37 1.87 150 159 119 1.84 1.83
p (uncorr.) 0.02 0.06 0.13 0.11 023 0.07 0.07
Permutation p 0.02 0.06 0.13 0.11 023 0.07 0.07

DISCUSSION

Recently, gradient analytical weighted averaging
(WA) regression and calibration modeling (and
related techniques) have been developed and
successfully applied to historical monitoring of
lakes, or used to infer past environmental condi-
tions from the remains of different organisms
(Hamaildinen, 2000). In this regard, it is usual to
treat data by excluding species occurring for a
low number of samples assuming the model
inability to characterize the optima and tolerance
of low-occurrence species, in addition to a possi-
ble improvement of the overall model perfor-
mance by eliminating them (Payne et al., 2006).

Singular observations (singletons, taxa occur-
ring in only one sample) often occur in ecological
series. In nature, singletons result from random
fluctuations, migrations or local changes in exter-
nal forcing. In an aquatic system studied at a fixed
location such changes may be derived from
temporary movements of water masses. Single-
tons may also result from improper sampling or
inadequate preservation of specimens (Legendre
& Legendre, 1998).

It has been observed that taxa deletion in
chironomid-based inference models substantially
improved the predictive ability of inference
models (measured as RMSEP, Martens & Naes,

1989). In this context, the common practice of
including taxa with only > 2 % abundance in at
least two lakes was one of the deletion criteria
that much improved inference models. Similar
deletion criteria, such as > 2 % in at least three
lakes and > 3 % in at least one lake, produced
comparable improvements (< 18 % reduction in
RMSEP) (Quinlan & Smol, 2001).

Similarly, Payne et al. (2006) developed
transfer-function models based on different
techniques, including weighted averaging, to
investigate testate amoebae ecology in southern
Alaska. Results showed that the model perfor-
mance was improved from the selective exclusion
of taxa. In relation to previous studies, the
relatively poor performance of the model can be
explained by the limitations of one-off water-ta-
ble measurements, the very large environmental
gradients covered, and recent climate change in
the study area.

Our findings partially disagree with the
above-mentioned studies. We found an “all taxa”
dataset p-value that is below other cut-offs,
suggesting the best performance for this model.
Therefore, removing rare taxa proved coun-
ter-productive and the transfer function models
developed from removing rare taxa actually
reduced the model performance. This result
corroborates those of Birks (1994) and Wilson et
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al. (1996), in which diatom and pollen pH calibration before deleting the taxa on the basis of
calibration datasets, as well as in other data sets, their effective number of occurrence. Birks
the lowest prediction (measured in terms of  (1994) also emphasized that the largest prediction
RMSEboot) always occurs in WA regression and  errors occur when only the commonest and
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Figure 2. Observed vs. expected pH in the different data sets based on the data set with no species deletions (A: all species), relative
abundances (B: > 1 %, C: > 2 %, D: > 5 %) and occurrence frequencies (E: > 1 %, F: >2 %, G: > 5 %). Modelos de regressao do
pH observado vs. esperado baseado no conjunto de dados sem delegoes de espécies (A: all species), abundancia relativa (B: > 1 %,
C:>22 %, D: 25 %) e frequéncia de ocorréncia (E: > 1 %, F: 22 %, G: > 5 %).
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numerically most abundant taxa are included in
the WA regression and calibration. According to
Wilson et al. (1994), the effects of species
deletions and dataset size on the predictive ability
of the models emphasizes the value of training
sets with a large number of taxa to develop trans-
fer functions with robust and reliable estimates of
species optimum and tolerance values.

Presumably, even the estimated WA optima
of very rare taxa (their absence is ignored in WA
regression) contribute to some ecological
“signals” to the calibration, rather than, as might
be expected, having no effect or even having
deleterious effects by introducing “noise” into
calibration (Birks, 1994).

In contrast, a transfer function training set
presents a tendency of nearby sampling locations
to floristically resemble one another, more than
randomly selected sites with similar species
assemblages and environmental conditions. This
possibly results in inappropriate model choice
and misleading, and in over-optimistic estimates
of a transfer function performance (Telford &
Birks, 2005).

Our results differ considerably between
abundance-based and occurrence-based cut-off
criteria. Despite the latter models led to
enhanced inference performance, removal of
taxa occurring in < 1 % of sampling stations did
not improve the model performance. The oppo-
site was observed for the < 1 % model on
relative abundances. In this cut-off, rare taxa are
probably still restricted to very few samples, and
their optimal may be uncertain generating little
impact on the predictive ability of the model. In
contrast, cut-offs based on relative abundance
values (>2 % and > 5 %) may have selected only
widespread taxa, considered to have wide toler-
ance and consequently poor indicators leading to
unreliable environmental inferences. The incor-
poration of abundance data in biological indices
may bias accuracy and reduce precision in two
ways, e.g. numerically dominant taxa can skew
the result in the direction of their indicator
scores. Additionally, presence/absence data or
strongly transformed abundance values can
skew the result in favor of rare taxa by attribut-
ing them with weight equal to abundant taxa
(Monaghan, 2016).

Finally, it is important to observe a possible
season influence that was not assessed in our
data. As demonstrated in Winter & Duthie
(2000), the quality of inference models built
during a study with epilithic diatoms as indicators
of stream nutrient concentration was better with
the seasonal variation removal from the dataset
through mean summer values in relation to the
use of full dataset.

CONCLUSION

Our results revealed that bioassessment using the
WA modeling is a powerful modeling technique
for an accurate assessment of species response to
both single and multiple environmental descrip-
tors. However, manipulation of different datasets
had significant influence on model performance.
Therefore, removing rare taxa proved coun-
ter-productive and the transfer function models
developed by removing rare taxa actually reduced
model performance. Our results proved to have
been significantly influenced by the sample size,
however, we demonstrated that a model improve-
ment can be reached even at such local scales.
Influence of rare taxa on bioassessments still is a
subject for much discussion and study, in this
context, choosing a cut-off to avoid rare taxa noise
is very much subjective. Our work contributes to a
better understanding of diatom ecology, especially
from tropical reservoirs, and supports the develop-
ment of accurate biological monitoring protocols
based on diatoms for this region.
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