
Effects of pulse and press additions of salt on biofilms of
nutrient-rich streams

Joaquín Cochero a,b,⁎, Magdalena Licursi a,b,c, Nora Gómez a,b

a Instituto de Limnología “Dr. Raúl A. Ringuelet”, Facultad de Ciencias Naturales y Museo, Universidad Nacional de La Plata, 1900 La Plata, Argentina
b CONICET, Consejo Nacional de Investigaciones Científicas y Tecnológicas, Argentina
c Instituto Nacional de Limnología, Consejo Nacional de Investigaciones Científicas y Técnicas, UniversidadNacional del Litoral, Ciudad Universitaria, Paraje El Pozo s/n, CP 3000 Santa Fe, Argentina

H I G H L I G H T S

• Biofilms from eutrophic streams were
exposed to pulse and press increments
in salinity.

• The experiment was conducted in mi-
crocosm for 72 h, with a 72 hs recovery
period.

• Bacterial abundance and oxygen con-
sumption decreased due to both treat-
ments.

• The proportion of abnormal nuclei in
diatoms increased due to the chronic
exposure.

• All effects reverted to control levels af-
ter 72 h of recovery
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Chronic and pulse increments of salinity can cause different consequences on the aquatic communities, and its
effects are related to factors such as the magnitude, frequency and ionic composition, as well as on the baseline
salt concentrations in the water. The aim of this study was to explore the responses of the biofilms from a
nutrient-rich stream to both pulse and chronic additions of salt, along with their recovery after the stressor
had been removed. For this purpose, a microcosm study was conducted exposing biofilms to water enriched
with sodium chloride in two treatments (press andpulse), and comparing the changes in the biofilmwith control
microcosms without salt additions. The experiment lasted 72 h, and the variables measured included bacterial
density, chlorophyll-a concentration, community composition, total carbohydrate content, oxygen consumption
and the percentage of nuclear alterations in diatoms. Both treatments resulted in a decrease in the bacterial den-
sity of the biofilm and in oxygen consumption; the chronic treatment in particular also caused an increased per-
centage of nuclear abnormalities in the diatom assemblage. The biofilm recovered to control levels after the
treatments had been discontinued for 72 h. We concluded that the biofilms can be altered significantly under
both chronic and pulse additions of salt even after a short-term exposure, and that the community can recover
if the stressor is withdrawn.

© 2016 Elsevier B.V. All rights reserved.

Keywords:
Salinization
Epipelic biofilm
Microcosm
Community recovery
Short-term experiment

1. Introduction

Salinization can have many origins and its effects on the biota of riv-
ers and streams have been the subject ofmultiple studies, particularly in
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the last decades (such as Davis et al., 2003; Cañedo-Argüelles et al.,
2013, 2014, 2016). In the Pampean plains of Argentina, this process is
related to the intensive groundwater exploitation for crop harvesting,
which has produced depression cones in the subterranean water level
leading to the encroachment of the brackish water from the Río de la
Plata estuary. Thus, the original groundwater flows from the plain to
the estuary are being modified, giving origin to a saltwater intrusion
into the surface waters that cause a continuous disturbance in their
hydrochemical characteristics (Kruse et al., 2005). Additionally, water
pumped for irrigation in this area carries dissolved salts that are not
fully absorbed by the vegetation, which may be leached out through
run-off in pulses, and end up in the rivers and streams during rainfall
events (Kruse et al., 2005). These rivers and streams are naturally de-
scribed by having high concentrations of nutrients and sodium chloride
type waters (Carol and Kruse, 2012; Giorgi et al., 2005; Feijoó and
Lombardo, 2007), and the disturbances caused to the aquatic communi-
ties by this salinization process is poorly studied.

The effects of salinization on the biota can depend on factors such as
themagnitude, frequency and ionic composition, aswell as on the base-
line salt concentrations in the water (Pilkaitytë et al., 2004; Nielsen
et al., 2003; Gutiérrez-Cánovas et al., 2012; Cañedo-Argüelles et al.,
2014). The input of salt can also interact with the nutrient cycles in
the stream (Baldwin et al., 2006; Lovett et al., 2007), making it difficult
to separate the effects of salinization from those caused by nutrient en-
richment. It is therefore likely that the responses of the microbial com-
munity developed in a nutrient-rich environment differ from those
responses of biofilms developed in oligotrophic streams.

On freshwater biofilms, high salt concentrations have been reported
to have effects on the composition of both the algal and the bacterial
communities (Wunsam et al., 2002; Abed et al., 2007; Zhang et al.,
2014). More specifically in the diatom assemblage, salinization can re-
duce their density (Busse et al., 1999) and even alter their external
cell morphology (Trobajo et al., 2011), but its consequences on their
intracellular-components (i.e. abnormalities in the nucleus or chloro-
plasts) has not been widely studied. The chlorophyll-a concentration
in biofilm, as ameasure of total algal biomass, is also affected by salinity,
and intermediate magnitudes enhance the development of the algal
biomass with negative effects at higher salinity levels (Silva et al.,
2000). The primary production and oxygen consumption follow this
pattern, and both have been shown to rise when exposed to low salinity
increments, but to decline when exposed to high salinity increments
(Silva and Davies, 1999; Silva et al., 2000; Herbst and Blinn, 1998).
The release of extracellular polymeric substances by algae and bacteria,
such as polysaccharides and other carbohydrates (Hoagland et al., 1993;
Ivorra et al., 2000) have also been shown to increase in relation to salin-
ity increments, acting as a buffer to cells and their processes (Decho,
2000; Steele et al., 2014).

Given the nutrient-rich characteristics of the Pampean streams, and
considering that the salinization process in the area is related to both
chronic and pulse disturbances, it was the aim of this article to study
their effects on biofilms. For this purpose, we exposed the mature com-
munity to two treatments of stream water enriched with sodium chlo-
ride in microcosms and compared the results to control microcosms
where no salt additions were performed. We hypothesized that the in-
creased salinity in the streamwater would produce significant changes
in the biofilm, such as a) a decrease in bacterial and algal biomass, and
therefore in oxygen consumption of the biofilm; b) an increase in the
total carbohydrate production, as the biofilm would release additional
extracellular substances to buffer the effects of the stressor; c) themod-
ification of the community composition, as some taxa would benefit
from the salinity increment while others would be impaired by it,
and; d) an increased proportion of nuclear abnormalities in diatoms.
We also predicted that a chronic exposure would cause a greater effect
on the community than the pulse exposures, and that the biofilmwould
recover to control levels after a recovery period of 72 h when the treat-
ments were discontinued.

2. Materials and methods

2.1. Experimental design

Glass tiles (1 cm2) with a frosted side were colonized in a nutrient-
rich stream that runs through the Pampean plain in Argentina (“del
Gato” stream, 34°58′51.82″S 58° 3′11.24″W) for 25 days. Mean water
conductivity during the colonization period was measured every
5 days at 10 am in the site, and remained between 305 ± 9 μS cm−1.
Colonized substrates were transported to the laboratory in portable
fridges at 4 °C, and placed in 9 glass 1.5 L microcosms (24 cm long,
14 cm wide, 7 cm high) filled with filtered water (28 μm pore size)
from the same stream, which was recirculated by means of water
pumps (Chosen PH2024 6 W).

The experimental period lasted 72 h: threemicrocosmswere kept as
controls with no sodium chloride additions; another three microcosms
were exposed to a press-type increment in salinity (labeled “PRESS”
treatment), by adding NaCl to the streamwater (24.6 g L−1) to achieve
a constant value of 1500 μS cm−1; and the final threemicrocosms were
exposed to three pulse-type increments in salinity (labeled “PULSE”
treatment), by adding NaCl to the stream water (24.6 g L−1) to raise
conductivity to 1500 μS cm−1 for 30min every 24h. After each pulse ad-
dition achieved in the PULSE treatment, water from all microcosms, in-
cluding the controls, was renewed with filtered stream water. After the
experimental period, water of allmicrocosmswas renewedwith stream
water and no further additions of salt were performed. Filtered stream
water was recirculated for an additional 72 h to measure the potential
recovery of the community.

Sodium chloride was chosen over other salts since these water-
courses are characterized by a sodium chloride type water (Carol and
Kruse, 2012), and the target conductivity increase was chosen to
match the mean values measured in heavily urbanized streams of the
area (Gómez, 1999). Flow velocity in all experimental units was kept
at 0.0035 m seg−1, and temperature was kept constant at 25 °C. The
light was provided by 5050 red LED lights with an intensity of
120 μmol m−2 s−1 of photosynthetically active radiation with a photo-
period of 14 h light–10 h dark.

2.2. Variables measured

Conductivity (μS cm−1), dissolved Oxygen (DO, mg L−1), tempera-
ture (°C), and pH were measured using a Consort™ C933 sensor every
6hs. Samples for the biological parameters were collected at times 24,
48 and 72 h in the experimental period and after 144 h in the recovery
period. Three subsamples were collected from each microcosm repli-
cate. Soluble Reactive Phosphorous (SRP, mg L−1), Dissolved Inorganic
Nitrogen (DIN, mg L−1), Biochemical Oxygen Demand (BOD5, mg L−1)
and Chemical Oxygen Demand (COD, mg L−1) were measured by stan-
dard methods (APHA, 1998). DIN was calculated as the sum of nitrate,
nitrite, and ammonium.

For the analysis of bacterial density, chlorophyll “a”, algal communi-
ty composition and total carbohydrates, biofilms were separated from
the glass substrate using an ultrasonic bath (three 2-minute pulses,
Cleanson CS-1106 sonicator). For the analysis of nuclear abnormalities
in diatoms, biofilms were separated by scraping the glass' surface with
a razorblade (Barbour et al., 1999), to avoid using an ultrasonic method
that could modify the cells internal components (Eriksson, 2008).

2.2.1. Bacterial density
Samples were stored in sterile glass vials with formalin 2% v/v. Bac-

terial samples were diluted (1:100 to 1:400) and stained for 10 min
with DAPI (4′, 6-diamidino-2-phenyilindole) to a final concentration
of 1 μg mL−1 (Porter and Feig, 1980), and filtered through a 0.2 μm
black polycarbonate filter (GE Osmonics). Bacteria were then counted
using an epifluorescence microscope (Olympus BX-50) under 1000×
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magnification and with an Olympus Q-Color5 imaging system. Twenty
fields were counted for a total of 400 to 800 organisms per replicate.

2.2.2. Chlorophyll-a
Chlorophyll-a content was measured by spectrophotometric

methods. Sonicated samples were filtered through Sartorious GF/C fil-
ters. Chlorophyll-a was then extracted with 90% acetone for 12 h. The
supernatant was read in a UV-VIS Auto 2602 spectrophotometer, and
the concentration was calculated according to Strickland and Parsons
(1968).

2.2.3. Oxygen consumption
The “additional consumption method” (Knöpp, 1968; Schwoerbel,

2016) uses a substrate (peptone or glucose) to stimulate bacterial
growth in the samples, assuming that if the bacterial activity is normal,
the respiration associated with the reduction of the additional substrate
leads to an increased oxygen consumption. This ismeasured as a greater
oxygen depletion at the endof an incubation period. If bacteria are being
inhibited by a stressor, oxygen consumption ceases or lowers signifi-
cantly, therefore providing a fast and comparative measurement of
the overall bacterial respiratory activity. Samples were incubated for
24h after a peptone (40mg L−1) spikewas added, and the dissolved ox-
ygen concentration was compared to control samples to measure
consumption.

2.2.4. Total carbohydrates
Samples were incubated for 30 min in 0.5 mL of 5% phenol and

2.5 mL of concentrated H2SO4 (12 M). After allowing the tubes to cool
down for 30min the samples were read in a UV-VIS Auto 2602 spectro-
photometer at 485 nm (based on Dubois et al., 1956). Total carbohy-
drate (μg cm−2) values were obtained using a glucose calibration curve.

2.2.5. Community composition
The densities of higher taxa of consumers (nematods, rotifers, cili-

ates and oligochates) and of producers (chlorophytes, euglenophytes,
cyanobacteria and diatoms) in the microbenthic community (size
b1mm)were estimated using a Sedgwick–Rafter chamber in an optical
microscope (Olympus BX 50) at 400× (APHA, 1998).

A detailed analysis was conducted of the diatom assemblage. Sam-
ples were cleaned with H2O2, washed thoroughly using distilled water
and mounted on microscope slides with Naphrax®. Four hundred

valves per samplewere identified to the species level, according to stan-
dard floras by Patrick and Reimer (1966, 1975), Krammer and
Lange-Bertalot (1986, 1988, 1991a, 1991b), Lange-Bertalot (1993,
2005), Krammer, 1992, 2000, Lange-Bertalot and Moser (1994), and
Rumrich et al., 2000; the nomenclature of diatomswas updated follow-
ing Spaulding et al., 2010. Shannon's diversity index (Shannon and
Weaver, 1949), Pielou's evenness (Pielou, 1975) and species richness
were calculated. Also, additional samples were collected from the
stream at the end of the colonization period of the glass substrates, to
examine the initial composition of the assemblage.

2.2.6. Nuclear alterations in diatoms
Samples from eachmicrocosmwere collected to assess the frequen-

cy of nuclear anomalies. For observation of the nuclei bymicroscopy the
diatomswere stainedwith 2% (v/v) Hoechst 33,342 (CASNo. 23491-52-
3, SigmaChemical Co.) solution, constituting 2 g L−1. Nuclear alterations
were counted under 600× magnification with an epifluorescence mi-
croscope (Olympus BX50; U-MWU2, Ex. filter BP 330–385; Em. filter
BA 420; dicromatic filter DM 400). A total of at least 1000 cells for
each replicate were counted to determine the frequency of any one of
the following nuclear alterations: abnormal nuclear location, fragmen-
tation of the nucleus into multiple parts, and morphologic changes of
the nucleus – i.e., a spreading out of the DNA caused by nuclear-
membrane breakage (Debenest et al., 2008). For this evaluation, we
first considered the different nuclear locations resulting from normal
movements during the cell cycle, as reported by Round et al. (2007)
for different diatoms, in order to establish whether or not the positions
of the nuclei observed were abnormal.

2.3. Statistical analyses

Variations in the physical-chemical and biological variableswere ex-
amined by two-way repeated measures analysis of variance (RM-
ANOVA). The sampling times were used as the within-subjects factor
(4 levels: 24 h, 48 h, 72 h and recovery) and the treatment was used
as the between-subjects factor (3 levels: Control, Press, Pulse). Values
were first transformed to log (x + 1) to ensure normality, which was
previously assessed by the Shapiro–Wilk test (Shapiro and Wilk,
1965); homogeneity of variance was tested by using Cochran's C test
(Cochran, 1951). For each variable, three subsamples from each micro-
cosm were collected, and their mean value was used for the statistical

Fig. 1.Mean conductivity values (bars show standarddeviation) in the controls (gray solid line), PRESS (black solid line) and PULSE (black dotted line)microcosms during the experimental
period.
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analyses. The p-values were corrected for false discovery rates
(FDR b 0.05, Benjamini and Hochberg, 1995), and the Student-
Newman-Keuls (SNK) posthoc test was used to test for multiple com-
parisons. Partial eta2 (η2) was computed as a measure of the effect
size, and pairwise comparisons were conducted to establish if any sig-
nificant effects of the treatments were present per date.

The overall differences between the controls and treatments in the
species compositionwere analyzed conducting an Analysis of Similarity
(ANOSIM). The indicator species of diatoms in each treatment group
were identified using IndVal analysis (Dufrene and Legendre, 1997).
This analysis assigns each taxon to a most probable group (Control,
Press, Pulse) based on its relative abundances and relative frequencies
in each group; it provides an indicator value and tests for the statistical
significance of the associations by Monte Carlo permutations (n =
1000).

3. Results

3.1. Physical-chemical variables

Temperature, dissolved oxygen and pH values were similar among
treatments and dates throughout the experimental and recovery pe-
riods (Two-way RM-ANOVA, p N 0.05). In all microcosms, the tempera-
ture was kept between 23.7 and 26.4 °C; DO values ranged from 7.4 to
10.3 mg L−1; and pH between 8.2 and 8.9. Variations in conductivity
during the 72 h of the experiment are shown in Fig. 1. During the recov-
ery period, the conductivity values in all microcosms were similar
(288 ± 4.72 μS cm−1).

There were also no significant differences in nutrient concentrations
between dates or treatments (Two-way RM-ANOVA, p b 0.05). SRP
values ranged from 0.61 to 1.35 mg L−1, DIN ranged from 0.03 to
0.6 mg L−1, BOD5 between 5 and 31 mg L−1, and COD between 13
and 76 mg L−1.

3.2. Bacterial density

Meanand standarddeviation values for the biological variablesmea-
sured are shown in Fig. 2. The bacterial density diminished in both the
PULSE and PRESS treatments after 48 h of exposure (p b 0.05, μ2 =
0.927), and recovered to levels similar to the controls after the recovery
period.

3.3. Community respiration, chlorophyll-a and carbohydrates

The oxygen consumption decreased due to the PRESS treatment after
24 h of exposure (p b 0.05), recovering to control levels after the recov-
ery period. In themicrocosms exposed to the PULSE treatment, this var-
iable decreased after 48 h of exposure (p b 0.05) (Fig. 2, Table 1). No
significant differences were found between treatments or dates
concerning either chlorophyll-a concentrations or total carbohydrates
in the sediment (Table 1).

3.4. Nuclear abnormalities in diatoms

The percentage of nuclear abnormalities in diatoms underwent a
significant increase (p b 0.05) in the PRESS treatment after 48 and
72 h of exposure (Fig. 3, Table 1). After the recovery period this percent-
age decreased but was still significantly higher than the one measured
at both the control and PULSE treatments. Cells with broken nuclear
membrane contributed themost to the total nuclear alterations (Fig. 3).

3.5. Community composition

The analysis of higher taxa of the biofilm showed that the most
abundant groups among producers were chlorophytes and diatoms,
among consumers the ciliates prevailed (Supplementary material,

Table 1), and their densities were not significantly altered by the treat-
ments (Table 1).

The diatom flora of the mature biofilm collected in field prior to the
experiment (Fig. 4) was dominated by Diadesmis confervacea (30%),
Nitzschia amphibia (20%), and Gomphonema parvulum, G. clavatum,

Fig. 2. Mean and standard deviations (whiskers) of O2 consumption, bacterial density,
chlorophyll-a and carbohydrates, in the controls and the two treatments (PRESS and
PULSE) during the experimental period (24, 48 and 72 h) and after the recovery period
(Recovery). In those dates where significant differences were found, the letters
(*a,*b,*ab) indicate the groupings resulting from the a posteriori test.
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Nitzschia palea and Halamphora veneta as subdominant species. In the
control and treatments samples from themicrocosms a total of 153 spe-
cies of diatoms were identified (those with a relative abundance N1.5%
in at least one sample are shown in Supplementary material, Table 2),
but only six were dominant or subdominant species in the samples

reaching 60–95% of relative abundance (Table 2). No significant differ-
ences were found in the relative abundances of the species of diatoms
between controls and treatments (ANOSIM p = 0.41), in species' rich-
ness, diversity or evenness in the diatom assemblage (RM-ANOVA,
p N 0.05).

Table 1
RM-ANOVA results for the biological values and their effect size (η2) considering both factors and their interaction (Treatment*Time). Treatment levels include Control, PULSE and PRESS.
Time levels include 24 h, 48 h, 72 h and REC= after the recovery period (72 h). P-values were corrected using the Benjamini-Hochberg correction, andwhen significant differenceswere
found (* = p b 0.05), the a posteriori test results are shown.

Variable Treatment Time Treatment*Time

O2 Consumption mg cm−2 h−1 p 0.002* PRESS N PULSE = Control 0.027* 24 N 48 = 72 = Recovery 0.244
η2 0.958 0.699 0.467

Bacterial density cells cm−2 p 0.040* Control N PULSE = PRESS 0.100 0.100
η2 0.927 0.811 0.422

Clorophyll-a mg cm−2 p 0.800 0.149 0.780
η2 0.107 0.390 0.156

Carbohydrates μg cm−2 p 0.289 0.698 0.477
η2 0.467 0.090 0.306

Diatom abundance ind. cm−2 p 0.292 0.725 0.954
η2 0.189 0.080 0.061

Total nuclear alterations % p 0.027* PRESS N PULSE = Control 0.014* 24 = Recovery b 48 = 72 0.317
η2 0.885 0.608 0.411

Species richness p 0.160 0.089 0.923
No of species η2 0.572 0.784 0.088
Species diversity bits ind−1 p 0.386 0.138 0.822

η2 0.363 0.704 0.126
Species evenness p 0.477 0.149 0.804

Clorophytes ind. cm−2 p 0.948 0.555 0.720
η2 0.015 0.082 0.132

Euglenophytes ind. cm−2 p 0.496 0.155 0.135
η2 0.093 0.193 0.314

Cyanobacteria ind. cm−2 p 0.511 0.543 0.400
η2 0.090 0.084 0.213

Ciliates ind. cm−2 p 0.116 0.257 0.555
η2 0.214 0.152 0.173

Rotifers ind. cm−2 p 0.326 0.362 0.872
η2 0.132 0.123 0.091

Nematods ind. cm−2 p 0.514 0.342 0.802
η2 0.089 0.128 0.111

Other groups ind. cm−2 p 0.901 0.300 0.300
η2 0.023 0.139 0.139

Fig. 3.Mean and standarddeviations (whiskers) of total nuclear alterations in diatoms, showing the percentage contribution of nuclearmembrane breakage, nuclei abnormal location, and
nuclear fragmentation, in the controls and the two treatments (PRESS and PULSE) during the experimental period (24, 48 and 72h) and after the recovery period (Recovery). In those dates
where significant differences were found in the total alterations, letters (*a,*b,*ab) indicate the groupings resulting from the a posteriori test.
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According to the IndVal analysis, eight indicator species were identi-
fied (Table 3). Indicator species within the PRESS treatment were
Navicula veneta, Encyonema silesiacum, Sellaphora seminulum,
Halamphora montana, Nitzschia dissipata var.dissipata and Surirella
tenera. Indicator species within the PULSE treatment included Craticula
subminuscula and Nitzschia amphibia.

4. Discussion

After a short exposure to both pulse and press additions of salt, the
responses in the biofilm did not entirely match our initial hypotheses,
although some changes were significant. A decrease in the bacterial
density was evident in both treatments, also related to a reduction in
oxygen consumption. Reductions in bacterial density and respiration
by up to 20–50%were previously reported (Wichern et al., 2006) imme-
diately following a salt addition to different types of humid soil, and

could be explained by the osmotic shock that the bacteria are exposed
to when salt is added, which can lead to cell death (Hart et al., 1991).

Additionally, the chronic treatment in particular caused a signifi-
cantly higher proportion of abnormal nuclei in the diatom assemblage,
particularly due to the breakage of the nuclear membrane. The knowl-
edge of the effects of NaCl on the diatom cellular nucleus is scarce, al-
though there are multiple reports of nuclear alterations in those algae
as a consequence of exposures to aldehydes, herbicides, colchicine, ul-
traviolet radiation, or heavy metals (Buma et al., 1995, 1996;
Rijstenbil, 2001; Casotti et al., 2005; Debenest et al., 2008, 2010; Desai
et al., 2006; Licursi and Gómez, 2013). Previous research in animal
cells has shown that nuclear breaks caused by high NaCl are not quickly
repaired, and they persist as long as NaCl remains high and accumulates
over time (Dmitrieva et al., 2003), which is consistent with the results
obtained in our study within the diatom assemblage.

Previous research has found that chronic disturbances produced a
more severe impact on ecosystem functioning than pulse disturbances,
thereby highlighting the role of persistence when attempting to predict
disturbance effects on an ecosystem (Gutiérrez-Cánovas et al., 2012). In
terms of algal biomass, the chlorophyll-a concentration has been report-
ed to be affected by salinity, and intermediatemagnitudes in chronic ex-
posures enhanced the development of the algal biomass, but with
negative effects at higher salinity levels (Silva et al., 2000; Ros et al.,
2009; Rotter et al., 2013). On the other hand, several pulse additions
of salt had no effects in the chlorophyll-a concentration (Cañedo-

Fig. 4. Relative abundance of themain species of diatoms in the fluvial biofilms prior to the
experiment. AVEN:Halamphora veneta, DCOF:Diadesmis confervacea, GCLA: Gomphonema
clavatum, GPAR:Gomphonema parvulum, NAMP:Nitzschia amphibia, NPAL:Nitzschia palea,
others = rest of the species.

Table 2
Relative abundance (%) of dominant and subdominant species of diatoms in the controls and the two treatments (PRESS and PULSE) during the experimental period (24, 48 and 72 h) and
after the recovery period (Recovery). DCOF: Diadesmis confervacea, NAMP: Nitzschia amphibia, GPAR: Gomphonema parvulum, NPAL: Nitzschia palea, GCLA:Gomphonema clavatum, AVEN:
Halamphora veneta.

Treatment Time DCOF NAMP GPAR NPAL GCLA AVEN

CONTROL 24 38.0 15.3 8.7 4.4 4.7 2.2
(±30.3) (±4.0) (±5.8) (±4.1) (±3.1) (±1.7)

PRESS 24 54.4 15.8 2.9 4.2 2.8 1.3
(±20.8) (±7.6) (±0.3) (±3.2) (±0.3) (±1.0)

PULSE 24 55.4 16.8 2.7 5.2 2.8 1.9
(±12.9) (±6.0) (±1.2) (±3.2) (±1.5) (±1.7)

CONTROL 48 58.9 11.6 2.1 4.9 5.4 2.4
(±13.6) (±4.5) (±2.5) (±5.4) (±1.7) (±0.8)

PRESS 48 47.7 19.5 4.3 2.7 5.9 1.6
(±1.9) (±2.5) (±0.1) (±0.6) (±1.2) (±0.9)

PULSE 48 51.9 20.6 2.6 3.5 3.8 1.4
(±5.9) (±9.7) (±2.4) (±3.1) (±0.9) (±0.9)

CONTROL 72 40.5 16.2 6.4 4.7 2.4 2.5
(±21.2) (±4.9) (±1.7) (±5.0) (±2.4) (±0.5)

PRESS 72 39.9 13.2 6.9 5.3 5.2 3.0
(±18.6) (±1.9) (±3.9) (±2.8) (±2.8) (±1.3)

PULSE 72 46.7 17.0 5.2 4.4 4.4 1.4
(±11.5) (±3.8) (±1.4) (±3.1) (±1.3) (±0.1)

CONTROL Recovery 75.6 8.7 0.9 1.5 3.1 1.5
(±11.8) (±0.3) (±0.6) (±1.8) (±2.6) (±0.7)

PRESS Recovery 54.2 16.3 5.9 1.0 4.3 2.6
(±11.3) (±0.9) (±2.3) (±0.5) (±2.9) (±2.1)

PULSE Recovery 57.5 18.7 4.4 0.6 3.9 0.9
(±6.0) (±7.4) (±0.4) (±0.5) (±0.4) (±0.9)

Table 3
Results of the IndVal analysis for the treatments (PRESS, PULSE) showing the indicator spe-
cies (p b 0.05), their indicator value and their frequency in the samples.

Species Treatment Ind. value p Frequency

Navicula veneta PRESS 51.1 0.013 30
Encyonema silesiacum PRESS 51.1 0.008 29
Sellaphora seminulum PRESS 45.6 0.026 17
Amphora montana PRESS 42.5 0.035 15
Nitzschia dissipata var.dissipata PRESS 30.7 0.037 5
Surirella tenera PRESS 27.3 0.048 3
Eolimna subminuscula PULSE 46.5 0.041 19
Nitzschia amphibia PULSE 40.1 0.039 33
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Argüelles et al., 2014). In our study, neither pulse nor chronic treat-
ments increased the algal biomass, although longer exposure times
might be needed for this structural change to occur.

There were also no clear effects on the densities of producers
(chlorophytes, euglenophytes, cyanobacteria) or consumers (rotifers,
ciliates, nematods). Even the composition, diversity and evenness of
the diatom assemblage were not altered significantly, despite that it is
well known that diatoms can react to rather small changes in salinity
(Zimmermann-Timm, 2007; Trobajo et al., 2011; Rovira et al., 2012).
This could be related to the fact that the diatom assemblage during
the colonization period was composed by salt-tolerant species, such as
Diadesmis confervacea, Nitzschia amphibia and Nitzschia palea, reported
as freshwater-brackishwater species by Van Dam et al. (1994), and
with ecological tolerances for the Pampean streams ranging from 348
to 2505 μS cm−1 (Licursi et al., 2010). Cañedo-Argüelles et al. (2014)
also did not record significant differences in the composition of the dia-
tom assemblage due to the salinity pulses, and suggested that the dom-
inance by salt tolerant species (Amphora indistincta, Cocconeis pediculus
and Cocconeis placentula) may explain the diffuse effects of salinization
on the diatom assemblage. The eight indicator species found in our re-
sults also consist of freshwater-brackishwater species (Van Dam et al.,
1994; Licursi et al., 2010), most of them related to the chronic treat-
ment, although their indicator value was too low to consider them
good salinity indicators (IndVal b55%).

We had also hypothesized an increase in the total carbohydrate con-
centration, since the release of extracellular polymeric substances has
been shown to increase as a response to a salinity stress (Decho, 2000;
Steele et al., 2014). However this variable did not change significantly
throughout the experiment, although the extraction procedure used
does not allow measuring any possible variations in the different frac-
tions of thematrix (colloidal extracellular polysaccharides, lowmolecu-
lar weight carbohydrates, proteins, etc.).

Previous research conducted on biofilms of Pampean streams have
indicated that they are usually well adapted to tolerate moderate
changes in the water quality (Artigas et al., 2013; Cochero et al., 2013;
Licursi et al., 2016), although the recovery in the biofilm after the exper-
imental period could be related to the short exposition time. Neverthe-
less, the resilience of these communities is an important aspect to be
studied further, considering longer exposition times and stronger inten-
sities of the treatments.

To conclude, both the chronic and pulse additions of salt caused sig-
nificant alterations in the biofilm. Although the former usually cause
permanent changes in the aquatic ecosystems (Bender et al., 1984),
the pulse additions have also been proven of relevance even on higher
trophic levels. For instance, the density, diversity and drift of themacro-
invertebrate community were altered after only 72 h of exposition
(Cañedo-Argüelles et al., 2012); or even the salt slug addition technique,
a well established technique and widely used by stream ecologists to
measure the characteristics of the stream flow, has been found to in-
crease the drift of macroinvertebrates (Wood and Dykes, 2002). It is
therefore important in future research and management plans to con-
template if the effects of short pulses of pollutants caused by specific
events (e.g. irrigation, increased discharges from industries at specific
hours, etc.) could have significant impacts on the biota.
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