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Abstract The aim of this study was to test whether the
water quality phytoplankton assemblage index adapted
for rivers (Qr index) is useful to characterize the water
quality of a neotropical stream. We were interested also
in inferring the main pollutants through a phytoplankton
functional trait characterization and assessing the phy-
toplankton groups which may influence the Qr index
final estimations. Monthly sampling of environmental
variables and phytoplankton were done in three sites
(S1, S2, and S3). Phytoplankton was classified accord-
ing to Reynolds Functional Groups (RFG) and water
quality estimation was performed using the Qr index.

Principal coordinates (PCO) and PERMANOVA were
applied to identify the main pollutants through the RFG.
RFG linkage to Qr values was assessed by general linear
models (GLM). “Moderate” water quality was found in
S1 the whole year, in all sampling stations during the
winter, and in summer–autumn in S2. “Regular” water
quality was found in S3 during the summer–autumn,
and S2–S3 during the spring. S1 and S2 showed eutro-
phic, standing, or mix waters whereas S3 had high
organic matter content and eutrophic conditions. De-
spite some RFG (X1 and MP) being linked to high Qr
values and some other (M, S1 and Z) to low, their
dominance did not influence water quality estimation
performed by the Qr. We conclude that the Qr index was
useful for assessing the water quality. Though RFG
were valuable for inferring eutrophication, organic pol-
lution, and mixing, but their dominance does not neces-
sarily have a direct effect on the final Qr estimation.
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Introduction

Surface waters are under an increasing ecological stress
because of anthropogenic activities (UNEP 2002; FAO
2003; Srebotnjak et al. 2012). This is causing an exten-
sive ecological degradation of the environment
(Tejerina-Garro et al. 2005; Sabater 2008). A trend
which will probably continue due to the increasing rates
of water contamination, flow reduction, and overfishing
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(Malmqvist and Rund 2002; Rodrigues Capítulo et al.
2010). In this context, a growing demand for developing
new methods for assessing the ecological status of
freshwater ecosystems has incremented in the last 20
years, particularly in Europe through the Water Frame-
work Directive (EC 2000), and in the USA through the
Federal Water Pollution Control Act (U.S. 2008).

In riverine ecosystems, in comparison with lakes, the
literature focusing on the characteristics of phytoplank-
ton as a water quality indicator is far less developed
(Stanković et al. 2012) than in lentic environments.
Indeed, research related to water quality assessment, in
the last 100 years, has been based on the study of the
benthic elements of biota, mainly macroinvertebrates
and diatoms (Stanković et al. 2012). Particularly in
Argentina, the benthic communities as indicators of
stream water quality have been intensively studied,
mostly in the pampean region (e.g., Licursi and Gómez
2002; Rodrigues Capítulo et al. 2010; Cortelezzi et al.
2013; Licursi et al. 2016). However, phytoplankton may
be also a “good” water quality estimator due to its
central role in the aquatic food webs, its rapid response
to environmental changes (Borics et al. 2014; Thackeray
et al. 2013), and because the residence time of water in
lowland streams may be enough for phytoplankton to
develop substantial populations (Bolgovics et al. 2017).

Traditionally, phytoplankton monitoring has been
based on species identification or in the estimation of
biomass or chlorophyll-a (e.g., Phillips et al. 2008;
Mischke et al. 2011; Thackeray et al. 2013), accessory
photosynthetic pigments, or different combinations of
all of them (Friedrich and Pohlmann 2009). Nonethe-
less, phytoplankton biomass and human impacts are
often difficult to associate properly. Compositional
changes based on functional (Reynolds et al. 2002;
Padisák et al. 2009), morphological (Kruk et al. 2010;
Kruk and Segura 2012), and morpho-functional
(Salmaso and Padisák 2007) classifications seem to
better fulfill the need of understanding the relationships
among pollutants and phytoplankton. Particularly in
those environments where cultural eutrophication and
organic matter are the main pollutants (Abonyi et al.
2012).

In lotic ecosystems, Borics et al. (2007) were the first
to adapt a phytoplankton-based index (Q index of
Padisák et al. (2006), developed for shallow lakes) and
generate the phytoplankton assemblage index adapted
for rivers (Qr index). Since then, other studies per-
formed mainly in Europe have used this approach or

other similar approaches to describe water quality of
streams and rivers (e.g., Nõges et al. 2010; Piirsoo
et al. 2008; Stanković et al. 2012; Reynolds et al.
2012; Abonyi et al. 2012, 2014; Borics et al. 2014;
Wang et al. 2018). Particularly in Argentina, despite
many studies describing phytoplankton structure and
its relationships with human impacts (e.g. Loez and
Salibián 1990; Del Giorgio et al. 1991; O’Farrell et al.
2002; Soares et al. 2007; Conforti et al. 2009), none of
them have used phytoplankton assemblages as indica-
tors of water quality.

Empirical and theoretical evidence shows that invest-
ments to improve water quality generate multiple eco-
nomic, social, and environmental benefits (Srebotnjak
et al. 2012). This is particularly true in areas where the
water of rivers and streams is used for human
consumption, crops irrigation, or has a recreational
use. Hence, in the neotropical region, more studies are
needed to test how well the phytoplankton functional
approach reflects the water quality. The latter will be a
useful input for the development of effective
management strategies. In this study, we attempted to
use the Qr index of Borics et al. (2007) to describe the
water quality of a highly impacted tributary stream of
the Middle Paraná River (Argentina). The Qr index was
accompanied with an analysis of the phytoplankton
functional traits to identify potential water quality
threats, such as eutrophication and organic matter pol-
lution. Finally, the Qr results obtained were explored to
determine the main phytoplankton functional groups
which may affect the Qr estimations.

Material and methods

Study area

The Tunas Stream (25 m above sea level) is localized in
the pampean eco-region of Argentina, a vast area of
43,000,000 hectares mainly characterized by agriculture
and cattle raising activities (Wilson 2017). The Tunas
Streams has, as main tributaries, the Saucecito and the
Piedras Streams, and ends after 15 km in the Del Tala
Stream which runs across a protected natural area (San
Martín Park). This park is visited the whole year for
educational activities and during the summer for recre-
ational activities (mainly swimming). The Del Tala
Stream finally ends in the Middle Paraná River, one of
the most important rivers on the neotropical region
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(Iriondo et al. 2007) (Fig. 1a). For the study, three
sampling station: station 1 (S1), station 2 (S2), and
station 3 (S3) were selected according to their surround-
ing land use. Sampling stations were separated up to
4 km (between S1–S2 and S2–S3) on the stream course.
S1 and S2 were linked to an agricultural area (Wilson
2017), while S2 was also linked to industrial and urban
uses. The General Manuel Belgrano Industrial Park
(PIGMB), which encompass more than 20 industries,
discharges treated wastewater (Pavé and Marchese
2005) in the Saucecito Stream, which in turn discharges
its waters 1.75 km upstream of S2. Another tributary, the
Piedras Stream, collects untreated municipal wastewater
from San Benito City and pours its water above 1.60 km
upstream from S2. Finally, the S3 sampling site, identi-
fied with no specific land use, was located downstream
S2. S3 sampling station was selected to assess the self-
depuration capability of the stream in a sampling point
situated before pouring its waters in the Del Talas
Stream mentioned above (Fig. 1b).

Samplings and analyses

Environmental variables in water were measured
monthly in the three sampling stations (S1, S2, and
S3) from December 2014 until November 2015 con-
sidering three replicas on each sampling station (n =
108 for each environmental variable) and being con-
sidered: temperature (°C), dissolved oxygen (DO)
(ppm), dissolved oxygen saturation (DO% sat.),
pH, and conductivity (mS cm−1) using HANNA
multiparametric proves, depth (Zd) with an ultrason-
ic prove, and transparency with a Secchi disc (m).
The photic zone (Zeu) was estimated according to
Koenings and Edmundson (1991) for turbid envi-
ronments as Zeu = Secchi depth (SD) (m)*3.5. The
Zd:Zeu ratio was calculated as a measure of light
availability in the water column. High values of this
ratio indicate that the relative amount of time that
phytoplankton spends in darkness increases
(Reynolds 1994). Estimation of water flow (m3

s−1) was performed following the criteria of
UNESCO (2006) and precipitations data for the area
ware obtained from Paraná Agricultural Experimen-
tal Station located at 7.67 km. Sub-superficial sam-
ples for inorganic nutrients quantification in the
water column were taken in 100 mL plastic bottles
at the same time and at the same localization than
further environmental variables (n = 108). Nitrate

plus nitrite (NO3
−+NO2

−) was determined by reduc-
tion of nitrate with hydrazine sulfate and subsequent
determination of nitrite by diazotization with sulfa-
nilamide (Hilton and Rigg 1983), ammonium
(NH4

+) by the indophenol blue method, and soluble
reactive phosphorus (SRP) by the ascorbic acid
method (APHA 2005). Concentrations obtained
were expressed in μg L−1.

Phytoplankton samples of 150 mL were taken
from the sub-surface area at the same time (from
December 2014 until November 2015) and in the
same locations (S1, S2, and S3) than the environ-
mental variables (n = 108) and were immediately
fixed with 1% acidified Lugol solution. Taxonomic
classification was made according to Lee (2008)
following keys and specific bibliography of each
algal group, such as Krammer and Lange-Bertalot
(1991), Zalocar de Domitrovic and Maidana (1997),
Tell and Conforti (1986), Komárek and Fott (1983),
Komárek and Anagnostidis (1998, 2005), and
Komárek (2013), among other authors. Phytoplank-
ton quantitative analyses were conducted following
the Utermöhl (1958) method. Counting error was
estimated according to Venrick (1978), accepting a
maximum error of 20%, and species counting was
done at ×400 of magnification. Phytoplankton
biovolume (mm3 L−1) was estimated following
Hillebrand et al. (1999) criteria and functional
classification of species was made according to
Kruk et al. (2017) (see complementary material for
more details). Dominance, evenness, and Shannon
functional diversity were calculated considering the
Reynolds functional groups (RFG) registered at each
sampling station and sampling date.

The phytoplankton assemblage index adapted for
rivers (Qr index) (Borics et al. 2007) was used as a water
quality metric using all phytoplankton RFG registered
during the study period. This metric reflects human
impacts at different scales by using a specific indicator
value (F, range from 1 = bad to 5 = excellent water
quality) assigned to the different RFG. These indicator
values were originally calculated by Borics et al. (2007)
using the following components: (i) nutrient status
(from oligotrophic to hypertrophic), (ii) turbulence
(from standing waters to highly mix environment), (iii)
enough time for the development of the given taxon
(from pioneer to climax), and (iv) level of toxicity risk
(from low to high) from each RFG. For those phyto-
plankton RFG absent in Borics (op. cit.), its F values
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were here calculated following the same criteria (see
complementary material). Finally, the Qr index was
calculated for each sampling site and sampling date as
follows:

Qr¼∑pi*Fi

where pi is the relative share of the i-functional group
equal to ni/N being ni the biovolume of the i-group and
N the total phytoplankton biovolume. Fi is the factor
number assigned for each phytoplankton RFG in Borics
et al. (2007) or in this study. Qr range from 0 to 5 (0–1 =

“bad,” 1–2 = “regular,” 2–3 = “moderate,” 3–4 =
“good,” 4–5 = “excellent” water quality). Results ob-
tained for the Qr index in S1, S2, and S3 during the
whole year of sampling were plotted by using the soft-
ware Surfer v. 11.

Statistical analyses

Then, two-way ANOVAS were performed for the total
phytoplankton biovolume and for each environmental
variable comparing sampling stations (S1, S2, and S3)
and seasons (summer, autumn, winter, and spring), by

Fig. 1 Study area including Middle Paraná River, Tunas Stream tributaries (Saucecito and Piedras Streams) and Del Tala Stream (a). A
more detailed image of the Tunas Stream where the sampling stations are indicated (b). PIGMB General Manuel Belgrano Industrial Park.
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pooling data of sampling months and considering the
principal effects. Previous transformation of the data to
Log10 (x + 1) to secure a normal distribution of data
and subsequent verification of the homogeneity of the
variances with the Levene test were used (Zar 1996).
Tukey tests were used for pairwise post hoc compar-
isons on sampling stations. The statistical indepen-
dence among phytoplankton biovolume of the three
sampling stations (S1, S2, and S3) was tested by using
the autocorrelation test of Durbin-Watson (Farebrother
1980). Principal coordinates analyses (PCO) were per-
formed for each season (summer, autumn, winter, and
spring) by pooling data of sampling months and using
the Bray-Curtis distance measure. This analysis was
used for characterizing the three sampling stations (S1,
S2, and S3) through the examination of the RFG
preference (water mix conditions, trophic level, and
organic matter presence) based on Reynolds et al.
(2002) and Padisák et al. (2009). PCO analyses were
accompanied by permutational multivariate analyses of
variance (PERMANOVAS) to verify PCO statistical
significance (p < 0.05).

Multiple regression models (GLM) with Gaussian
adjustment were run for the assessment of the RFG
which mainly influenced the Qr index values (water
quality) obtained for each sample. The Qr relations were
tested with several diversity estimators (dominance,
evenness, and Shannon phytoplankton functional diver-
sity). Co-linear explanatory variables were automatical-
ly omitted from analyses. In both regression categories,
several models (k) were run until the optimum model
was found, using the Akaike criteria (AIC), the percent-
age explanation of total variation, and the minimum
number of significative (p < 0.05) explanatory variables.
All the statistical analyses were performed using the
software CANOCO for Windows v. 5.10 (ter Braak
and Šmilauer 2012) and PAST v. 3.13 (Hammer et al.
2018).

Results

Physical and chemical variables

Changes among sampling stations (S1, S2, and S3) and
seasons (summer, autumn, winter, and spring) were
observed across the studied period. Regarding seasons,
temperature was highest during summer and autumn
while pH was highest during winter and spring. DO

and DO% showed the highest values during winter.
Conductivity values increased during autumn and win-
ter; nutrients (SRP, NO2

−–NO3
−, and NH4

+) reached the
highest concentration during the summer and the lowest
values during the winter (except for NH4

+). The Zd:Zeu
ratio (> 1 indicates highmix) showed high values during
the summer and low values during all other seasons.

Regarding sampling stations, in summer a decrease
in SRP concentration was registered in S3 while nitro-
gen forms (NO2

−–NO3
− and NH4

+) increased. The op-
posite was observed for S1–S2 where higher SRP and
lower nitrogen concentrations (NO2

−–NO3
− and NH4

+)
were found. The other environmental parameters
showed similar values among sampling stations, except
for water flow which was higher in S2, and oxygen
concentration which was lower in S2–S3 compared with
S1. During autumn, once again a decrease in DO and
DO% saturation was found in S2 and S3, in comparison
with S1. Conversely, SRP showed lower concentrations
in S2–S3 than in S1. S2 also showed the highest water
flow values. In winter, higher SRP concentrations were
detected in S1 compared with S2–S3 while the highest
NH4

+ concentrations were observed in S3. Finally, dur-
ing spring, a drop of DO and DO% in S2 and S3 was
found. NO2

−–NO3
−and SRP showed high concentra-

tions in all sampling stations, though NH4
+ was higher

in S3. The Zd:Zeu ratio reflected similar conditions for
the three sampling stations in all seasons, except during
the spring when the ratio was low in S1–S2 and high in
S3 (Table 1).

The two-way ANOVAS comparisons showed statis-
tically significant differences among seasons for all the
environmental variables tested (temperature F = 61.89,
p < 0.001; pH F = 18.34, p < 0.001; conductivity F =
117.07, p < 0.001; DO F = 31.52, p < 0.001; DO% sat.F
= 22.73, p < 0.001; Zd:Zeu ratio F = 20.43, p < 0.001;
water flow F = 35.54, p < 0.001; precipitations F =
19.71, p < 0.001; SRP F = 35.35, p < 0.001; NO2

−–
NO3

− F = 34.18, p < 0.001; and NH4
+ F = 19.82, p <

0.001). Differences were found among sampling sta-
tions (S1, S2, and S3) for DO and DO% (F = 11.56, p
< 0.001 and F = 8.60, p < 0.001, respectively) between
S1–S2 and S1–S3 (S1 > S2 and S3). Differences were
also detected for the water flow (F = 69.42, p < 0.001)
between S2–S1 and S2–S3 (S2 > S1 and S3), Zd:Zeu
ratio (F = 8.49, p < 0.001) between S3–S1 and S3–S2
(S3 > S1 and S2), SRP (F = 11.23, p < 0.001) between
S1–S2 and S1–S3 (S1 > S2 and S3), and NH4

+ (F =
9.98, p < 0.001) between S3–S1 and S3–S2 (S3 > S1

Page 5 of 14 681Environ Monit Assess (2019) 191: 681



and S2). A lack of significance was found for tempera-
ture, pH, conductivity, precipitations, and NO2

−–NO3
−

concentrations when sampling stations were compared
(p > 0.05 for all of them).

Phytoplankton functional groups

A total of 156 phytoplankton taxa were recorded: these
corresponded to 21 RFG. The autocorrelation test of
Durbin-Watson showed absence of correlation of total
phytoplankton biovolume among sampling stations (S1,
S2, and S3) during the studied period (U = 1.6, p = 0.1).
Total phytoplankton biovolume showed maximum
values (> 40 mm3 L−1) during June, September, and
November, in S3 (Fig. 2g, j, l). The minimum values
(< 10 mm3 L−1) were registered in S1 and S2 particu-
larly during summer (December, January, February)
(Fig. 2a, b, c) and autumn (April and May) (Fig. 2e, f).
The two-way ANOVA showed differences among sea-
sons (F = 25.53, p < 0.001) and among sampling sta-
tions (F = 29.30, p < 0.001). The Tukey test indicated
statistically significant differences for S1 versus S3 and
S2 versus S3 (p < 0.001 for both, S3 > S1 and S2).

The PCO analyses explained more than 40% of total
variation in all seasons: summer (62%), autumn (45%),
winter (45%), and spring (64%). Sampling stations S1
and S2 had largely similar RFG arrangements, which
differed from S3. During the summer, S1 and S2 were
characterized by RFG indicators of mid-mixed waters
and eutrophic conditions. S3 showed to be related to
mixed, eutrophic, organic matter enriched waters (Fig.
3a, Table 2). The mentioned differences between sam-
pling sites were statistically significant (PERMANOVA,
F = 7.69, p = 0.0001). During Autumn, once again S1 +
S2 showed eutrophic, standing water conditions while
S3 indicated eutrophic organic enriched conditions, with
however a dissimilar arrangement of RFG (Fig. 3b,
Table 2) (PERMANOVA, F = 4.62, p = 0.0001). During
the winter S1 + S2 were related to eutrophic, mid-mix
waters, while in S3 RFG arrangement indicated eutro-
phic, mid-mix, organic enriched, low nitrogen content
conditions (Fig. 3c, Table 2) (PERMANOVA, F = 6.58,
p = 0.0001). Finally, the spring season indicated that S1
and S2 were characterized by RFG indicators of stand-
ing, eutrophic waters, whereas S3 was linked with or-
ganic enriched, eutrophic, low nitrogen content, and
mid-mix conditions (Fig. 3d, Table 2) (PERMANOVA,
F = 19.04, p = 0.0001).T
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Water quality and forcing factors

The Qr index showed intermediate values (“moder-
ate” water quality) for most part of the year in S1,
with improvements in water quality (“good”) during
January (summer season), being K and Y the dom-
inant RFG (maximum biovolume). “Moderate”

water quality was also indicated for S2, except dur-
ing February–March and October–November when
“regular” conditions were indicated. W1, Y, MP, G,
M, and K were the RFG best represented in terms of
biovolume in S2. S3 showed most part of the year
“regular” conditions, except during December and
winter months (June, July, and August). The RFG F,

Fig. 2 Total phytoplankton biovolume (mm3 L−1) registered for each sampling station (S1, S2, and S3) (mean values) and sampling month
(from December 2014 to November 2015).
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W0, W1, and W2 were the dominant groups in S3
(Fig. 4).

The GLM analysis explained 54% of total varia-
tion (F = 23.63, p < 0.0001). The RFG MP and X1

were positively correlated to an improvement in
water quality (high Qr values), while M, S1, and Z
were negatively correlated (Table 3). Diversity phy-
toplankton indicators (dominance, evenness, or
Shannon phytoplankton functional diversity)

showed absence of correlation with the Qr index
(GLM, p > 0.05).

Discussion

Results showed “moderate” water quality for most part
of the year in S1 (with an improvement to “good” during
January), and “moderate” water quality in autumn–

Fig. 3 Principal coordinates analyses (PCO) performed for each
season: summer (a), autumn (b), winter (c), and spring (d), being
indicated sampling stations (S1, S2, and S3) and the Reynolds

Functional Groups (RFG). Only those RFG which had a correla-
tion with the ordination axes (1 and 2) ± 0.5 are displayed
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winter for S2. S3 was the most affected section, with
“regular” water quality most part of the year (except
during winter). The RFG arrangements suggested eutro-
phic conditions in S1 and S2. In these two sections, we
found the highest SRP concentrations. This area is com-
posed by vertisol kind soils, which have naturally low
content of available phosphorus (de Petre and Stephan
1998; Battista 2004). As explained by Allan (2004),
diffuse nutrient contamination from fertilizers run-off
in areas intensely used for agriculture (Wilson 2017)
would be the most expected cause of eutrophication in
S1 and S2 sections.

S3 was characterized by organic pollution the whole
year, with the lowest DO% saturations and the highest
NH4

+ concentrations. Indeed, the Piedras Stream (locat-
ed upstream of S2 sampling point) flows through the
San Benito city, a highly populated area (9489 inhabi-
tants) which has a lack of municipal sewage water
treatment. It is possible that organic matter discharged

near S2 would be then transported downstream to S3.
This may be the case during the summer and the au-
tumn. Indeed, in these two seasons, the lowest DO%
were recorded in both sections (S2 and S3), the highest
water flow was registered in S2, and the highest NH4

+

concentrations in S3.
Moreover, during the winter and the spring, the RFG

H1 (Dolichospermum species in this study), which sug-
gests low nitrogen concentration (Padisák et al. 2009),
were found in S3. Species in this group actively fix
atmospheric nitrogen when they have high heterocyte
density (de Tezanos Pinto and Litchman 2010; Frau
et al. 2018a), though we observed lack of heterocytes
and hence fixation. These results suggest that the high
ammonium concentration recorded in S3 favored the
proliferation of this cyanobacteria group without fixing
nitrogen.

The results obtained reflected the main land uses,
showing that the Tunas stream has a low auto-

Table 2 Reynolds functional groups (RFG) habitat characteristics
based on Reynolds et al. (2002) and Padisák et al. (2009) and some
representative taxa registered in Las Tunas Stream. It is also

indicated their Fi value (range from 0 (bad) to 5 (excellent)) based
on Borics et al. (2007)

RFG Habitat Some representative taxa in this study Fi

B Vertically mixed, mesotrophic Cyclotella meneghiniana Kützing; Entomoneis alata (Ehrenberg) Ehrenberg 4

D Shallow, nutrient enriched, turbid Nitzschia acicularis (Kützing) W.Smith; Synedra acus Kützing 4

F Mixed, meso-eutrophic waters Ankistrodesmus gracilis (Reinsch) Korshikov; Oocystis ellipticaWest 3

G Stagnant, nutrient enriched Eudorina elegans Ehrenberg; Pandorina morum (O.F. Müller) Bory 1

H1 Nostocales, nitrogen-fixers Dolichospermum sp. 1

J shallow, mixed, organic enriched Actinastrum hantzschii Lagerheim; Crucigenia crucifera (Wolle) O. Kuntze 2

K Shallow, standing, nutrient enriched Aphanocapsa delicatissimaWest & West 2

LO Deep or shallow, oligo to eutrophic Coelomoron pusillum (Van Goor) Komárek 1

M Standing, eutrophic waters Microcystis aeruginosa (Kützing) Kützing 0

MPa Mixed waters, inorganically turbid Cocconeis placentula Ehrenberg; Eunotia minor (Kützing) Grunow 4

N Mixed, mesotrophic waters Closteriopsis longissima (Lemmermann) Lemmermann 3

Pa Mixed, eutrophic waters Aulacoseira distans (Ehrenberg) Simonsen; Melosira lineata (Dillwyn) C.Agardh 3

S1 Mixed, eutrophic, turbid waters Limnothirix sp. 0

S2 Mixed waters, inorganically turbid Glaucospira laxissima West 0

TC Standing, eutrophic waters Lyngbya sp. 2

W0 Standing or mix, high organic content Chlamydomonas metastigma Stein; Chlamydomonas pasiva Ehrenberg 1

W1 Standing, high organic content Euglena acus (O.F.Müller) Ehrenberg; Lepocinclis fusiformis (Carter) Lemmermann 1

W2 Mixed, meso-eutrophic Strombomonas acuminata (Schmarda) Deflandre; Strombomonas caudata Skuja 3

X1 Shallow, nutrient enriched Chlorella vulgaris Beyerinck [Beijerinck]; Scenedesmus ecornis (Ehrenberg) Chodat 3

Y Standing, nutrient enriched conditions Cryptomonas curvata Ehrenberg; Cryptomonas ovata Ehrenberg 3

Za Standing, mesotrophic conditions Synechococcus sigmoideus (G.T.Moore & N.Carter) Komárek 1

a The Fi value was assigned in this study based on the criteria exposed in Borics et al. (2007). Consult complementary material for more
details

Environ Monit Assess (2019) 191: 681 Page 9 of 14 681



depuration capability; due to S3 having, without any
specific land used identified, the worst water quality
rating throughout the year. Moreover, the RFG arrange-
ment analysis was useful as a complement of the Qr
index, giving a plus for the interpretation of the ecolog-
ical conditions of this stream. This approach has been
frequently used in the past to detect eutrophication or
organic pollution conditions in lakes and rivers in other
latitudes (e.g., Piirsoo et al. 2010; Stanković et al. 2012;
Reynolds et al. 2012;Wang et al. 2018); being this study
the first in considering this approach in this area. Results
obtained suggests that in S2, a sanitation strategy should

be applied to reduce the organic matter charge, which
will result in a beneficial effect on S3. This in turn will
exert a beneficial effect on the Del Tala Stream which
receives the water from the Tunas Stream and which
runs across a natural protected area with recreational
value. The problem of eutrophication, however, may
be a more difficult task; diffuse nutrients run-off from
agriculture lands are a problem more difficult to man-
age. Results also showed that the RFG classification
failed to infer the presence of other sources of pollution,
like herbicides or metals linked to fertilizers, very fre-
quent in lowland polluted rivers linked to agricultural
uses (Arias et al. 2007). In this respect, new studies
focused on the indicator value of RFG classification of
other kind of pollutants are needed.

Regarding the Qr index performance, Abonyi et al.
(2012) already pointed out that this index is unable to
distinct natural versus cultural eutrophication and is
unable to penalize the presence of invasive or brackish
phytoplankton species. In the study area, the problem of
distinguishing natural from human eutrophication is,
certainly, an unresolved issue shared by many other
indexes used for water quality estimation. It is due to
the multiple interacting environmental factors, food web
compartments, and the naturally high spatial-temporal

Fig. 4 Monthly and longitudinal (sampling stations S1, S2, and
S3) differences of the Qr index in the Tunas Stream during the
study period. The table shows the dominant Reynolds Functional
Group (maximum biovolume) registered for each month and

sampling station. Circles indicate those RFG which appeared
linked to an improvement of water quality (positive correlation
with the Qr index) in the general linear model (GLM)

Table 3 Multiple regression model (GLM) statistics using Qr
values as response variable and Reynolds Functional Groups
(RFG) as predictors (number of models run, k = 5, n = 108)

Term b SE T p(T)

(Intercept) 2.467 0.10 24.67 < 0.001

M − 0.06 0.01 − 6.35 < 0.001

MP 0.02 0.01 2.85 0.01

S1 − 0.03 0.01 − 5.44 < 0.001

X1 9.07E−08 2.27E−08 4 1.2E−04

Z − 3.30E−07 1.30E−07 − 2.53 0.01
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variability of lotic ecosystems (see Bennett et al. 2017).
In the pampean region of Argentina, we have only one
register of an invasive species (the dinoflagellate
Ceratium furcoides (Levander) Langhans) (Meichtry
de Zaburlín et al. 2016). This species is classified as
LO in the RFG classification and is an indicator of bad
water quality in the Qr index. Finally, lowland pampean
streams have high conductivity (Rodrigues Capítulo
et al. 2010) which determine that high salinity adapted
species are frequent. Nonetheless, one disadvantage of
index, already pointed out in Frau et al. (2018a), is that
the Qr index and other similar indexes have some
requirements. Certainly, the Qr index application
require expert knowledge of RFG, a high training on
phytoplankton taxonomy to reach at least the genus
level, and environmental information, not always
accessible, to make the RFG classification.

Three RFG which were absent in the original publi-
cation of Borics et al. (2007) were included in this study
(see complementary material for the full description of
the groups). These groups were: MP, P, and Z. We
assigned to MP (mainly Gyrosigma and Gomphonema
species in this study) an F value in the Qr index of 4
(high-quality indication), considering that these species
are frequently linked to mesotrophic conditions (Prygiel
and Coste 2000), mixed waters, and have a low-toxicity
risk. For P and Z groups, we assigned them an indicator
value (F) of 3 (moderate quality indication) and 1 (bad
quality indication), respectively. The first is related to
eutrophic mixed water conditions (Reynolds 2006;
Padisák et al. 2009) and at least Aulacoseira and
Melosira (both included in P in this study) have a low-
toxicity risk. Synechoccocus and Synechocystis (Z
group) have been classified as representative from oli-
gotrophic waters (Reynolds 2006; Padisák et al. 2009).
Nonetheless, we assigned to this group an F value of 1.
We found them in eutrophic, standing conditions during
the spring in S2, and this group is related with the
production of some unlethal toxins (Jakubowska and
Szeląg-Wasielewska 2015). In Kruk et al. (2017),
Synechoccocus and Synechocystis were suggested to
be moved to LO, which in Borics et al. (2007) has an
indicator value of F = 1. Being this consistent with the
value assigned here.

The GLM analysis showed that M, S1, and Z (F
value in the Qr index ranging from 0 to 2) were linked
to a drop in water quality whileX1 andMP (F values of
3 and 4, respectively) to an improvement in water qual-
ity. However, based on our results, we conclude that this

dominance—of good or bad quality indicators—might
not be representative of the final water quality estima-
tion obtained. For example, during April, X1 andMP—
positively linked to high Qr values in the GLM and
indicators of good water quality—were dominant in
the three sampling stations (S1, S2, and S3). However,
a “regular” water quality was informed in S3. This is
because water quality estimation in the Qr index de-
pends on the sum of all RFG present in the sample and
their relative biovolume, so dominance of one RFG not
necessary reflect the final water quality estimation given
by the Qr index.

Conclusions

This study represents an early field in water quality
assessment using phytoplankton in lowland streams of
the neotropical region. Results obtained in the Tunas
Stream showed that the Qr index accompanied with a
phytoplankton functional trait characterization were
valuable tools to describe different segments of the
stream and to identify the most impacted sections. All
sampling stations were nutrient enriched. S3 was the
most impacted section, as it suffered both eutrophication
and organic matter pollution. Showing the index final
calculations lack of influence of the dominant RFG in
samples. We conclude that the Qr index could be a
valuable indicator of water quality in this lowland
stream. The information gathered can be used to inform
managers about the water quality and the main pollut-
ants in the stream, performed at a low cost and with a
high level of confidence.
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