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Translocation of Epipelic Biofilms and Their
Short-Term Responses to Urbanization
Impacts in Nutrient Rich Streams

JOAQUIN COCHERO, MARIA MERCEDES N. GELIS, JORGE DONADELLI & NORA
GOMEZ

Abstract: Stream biofilms are amongthe first to react to environmental degradation, since
their structural and functional characteristics are tightly linked to the physicochemical
variables in the water and sediment. The objectives of this research were to study the
differences in chlorophyll-a, bacterial density and metabolism endpoints of epipelic
biofilms in nutrient-rich streams under different physical-chemical conditions in the
stream water in relation to changes in urbanization, and to measure the short-term
responses (up to 72 h) in the biofilm when translocated to more urbanized sites. For
these purposes, chlorophyll-a, bacterial density, biofilm respiration (electron transfer
activity) and O, consumption were measured in epipelic biofilms in nutrient-rich streams
exposed to different levels of urbanization after a 30 day colonization. Afterward,
biofilms were translocated downstream to more polluted sites, and sampled to identify
any fast occurring changes to be considered as potential indicators of environmental
degradation. Results show that in the nutrient-rich streams studied, the structural
characteristics of the biofilm were linked to urbanization, and even after a short time
following the translocation, chlorophyll-a and bacterial density varied, reflecting the
environmental degradation. On the other hand, metabolic variables were highly variable
and produced inconsistent results when representing an increase in urbanization.

Key words: Bacterial density, chlorophyll-a, nutrient-rich streams, short term responses,
translocation assay,

INTRODUCTION

The process of urbanization affecting streams
and rivers is linked to the effects of multiple
simultaneous stressors, the “urban stream
syndrome” (Walsh et al. 2005), which confounds
the ability to make inferences about the relative
effect of each stressor on the biota (Paul &
Meyer 2001, Walsh et al. 2005). Fluvial biofilms
(Lock 1981) have been used to monitor physical
and chemical water quality changes since the
short life cycle of the microorganisms and the
trophic interactions between the microbiota

allow for the detection of both short and long-
term impacts.

These communities are among the first
to be affected by the impacts associated to
urbanization, including nutrient enrichments
(Guasch et al. 1995, Rier & Stevenson 2002,
Olapade & Leff 2005), heavy metals (Ramelow
et al. 1987, Medley & Clements 1998, Giorgi &
Malacalza 2002), herbicides and pesticides
(Dorigo et al. 2007, Tlili et al. 2008, Ricart et al.
2010) and pharmaceutical components (Proia
2012). For these reasons, multiple structural
and functional endpoints from the biofilm are
employed in water quality monitoring programs
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of both direct and indirect environmental
impacts (Proia et al. 2012). For instance, water
quality detriments can lead to an increase in
algal biomass and algal pigments (Tien et al.
2009), in bacterial growth (Leff 2000, Tien et al.
2009), in metabolic activity (Guasch et al. 1995,
Garnier & Billen 2007), and are usually linked
to a modification in the specific composition
(Rimet et al. 2009, Delgado et al. 2012).

In environments with high availability of
resources, such as the nutrient rich streams
of the Pampean region in Argentina, biofilms
developing under different water qualities have
exhibited differences in biomass and metabolic
activity (Feijoo etal. 1999, Baueretal.2002, Vilches
2012, Licursi et al. 2016, Cochero et al. 2018).
And even after a water quality detriment, some
studies have measured responses in long-term
responses (>20 days) of certain communities in
Pampean streams, such as diatoms (Tolcach &
GOomez 2002, Nicolosi Gelis et al. 2020). However,
water quality can change abruptly in urbanized
environments, particularly if punctual pollution
sources are present, and measuring short-term
responses to these environmental changes have
to be considered in biomonitoring practices.
However, no studies have been conducted in
epipelic biofilm from lowland streams, where
the predominant substrate are sediments with
large contents of silts and clay, that measure
their short-term responses to water quality
detriments linked to urbanization.

To simulate these environmental impacts,
translocation assays (also known as “active
biomonitoring”) employing biofilms have been
used successfully to describe the effects of
various environmental and anthropogenic
stressors (Ivorra et al. 1999, Guasch et al. 201043,
Sierra & Gomez 2010, Tlili et al. 2011, Proia et al.
2013, Nicolosi Gelis et al. 2020), yet only a few
related to organic pollution in urban streams
and the large majority in nutrient-depleted
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fluvial systems with epilithic substrates. These
biomonitoring techniques consist of the
transfer of organisms from one place to another
to quantifying their biochemical, physiological
and/or organismal responses for the purpose
of water quality monitoring (De Kock & Kramer
1994).

The objectives of this research were to
study the differences in chlorophyll-a, bacterial
density and metabolism endpoints of epipelic
biofilms in nutrient-rich streams under different
physical-chemical conditions in the stream
water in relation to changes in urbanization,
and to measure the short-term responses (up
to 72 h) in the biofilm when translocated to
more urbanized sites. We hypothesized that,
since the structure and metabolism of biofilms
are rapidly affected by the physical-chemical
characteristics of the water, they would reflect
the environmental changes quickly. In this sense,
an increase in organic matter and nutrients
after the translocation would be reflected as
increments in bacterial density, chlorophyll-a
content and in the metabolic activity of the
translocated biofilms.

MATERIALS AND METHODS

Sites selection and physical-chemical data

Three streams (“Don Carlos” stream, hereafter
“Stream 1”; “El Gato” stream, hereafter “Stream
2": “Rodriguez” stream, hereafter “Stream 3”)
that run through urbanized areas near the city
of La Plata (Argentina) were selected a priori
from previous research considering their degree
of exposure to urbanization (Cochero et al. 2016,
2018). Briefly, their degree of urbanization of the
surrounding land was measured by calculating
the percentage of impervious surface in the
watershed related to urban activities, by
obtaining land-use maps (Instituto Geografico
Nacional, www.ign.gob.ar). All sites had similar
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hydrological characteristics, low velocity (<0.02
m s7), similar turbidity (90+ 32NTU) and lacked
riparian vegetation (trees or shrubs) and
macrophytes.

According to that previous evaluation,
Stream 1 (“Don Carlos”) had the lowest impact
due to urbanization, also reflected in lower
concentrations of nutrients and organic matter
content in the water, lower conductivity and
higher dissolved oxygen values. On the other
side of the gradient, Stream 3 (“Rodriguez”)
was detected to be the most heavily impacted
by urbanization. This stream runs through a
populated area without proper sewage systems,
and receives direct industrial effluents, having
higher average values of nutrients, organic
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matter, conductivity and lower dissolved oxygen
values.

To conduct the translocation studies at each
stream, two sites were selected: a peri-urban
site (named “Upstream”), located upstream on
the outskirts of the city and exposed to low/
moderate agricultural activities, and a heavily
urbanized site (named “Downstream”), within the
urbanized area of La Plata city (site coordinates
in Figure 1).

In all sampling dates, dissolved Oxygen (DO,
mgl"), temperature ("C), conductivity (uS cm™),
pH and turbidity (NTU) were measured at each
site using a multiparametric sensor (Horiba
U50). Water samples (500 ml) were collected in
the Upstream and Downstream sites in order to

Colonization period Experimental period Site
(30 days) (72 hrs.) Coordinates
Stream 1
34°53'40.52"S
OO0 OO0 wemew
Upstream Upstream Stream 2
34°58'47.66"S
I 58°3'7.81"W
Translocation
Stream 3
Translocated => 34°53'24.85"S
58°2'56.07"W
Stream 1
34°54'8.31"S
. . . 58° 1'35.39"W
Stream 2
. . . Downstream 34°57'52.37"S
58° 0'16.96"W
, Ly ¥,
Downstream Stream 3
34°55'22.12"S
Translocated 58° 4'58.91"W

Figure 1. Experimental design used involving the translocation of germination trays with sediment from an
Upstream site to a Downstream site within streams. The Upstream treatment trays (light gray squares) were
colonized in the Upstream sites and kept there as controls; the Downstream treatment trays (dark gray squares)
were colonized in the Downstream sites and kept there as controls; and the Translocated treatment trays (striped
squares) were colonized in the Upstream sites and transferred to the Downstream sites for the experimental

period.
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measure ammonium (NH,’, mgL"), nitrites (NO,
, mgL™"), nitrates (NO,, mgL"), soluble reactive
phosphorous (SRP, mgL"), biochemical oxygen
demand (BOD,, mgL") and chemical oxygen
demand (COD, mgL"), which were analyzed
according to standardized spectrophotometric
methods (APHA 2017). Dissolved organic nitrogen
(DIN) was calculated as the sum of ammonium,

nitrites and nitrates.

Experimental setup

At each stream, nine germination trays (200
wells, each well 2.5 diameter x 3cm deep) were
filled with stream sediment and attached to the
streambed ensuring light penetration and left to
be colonized for 30 days to reach a developed,
mature biofilm. Within each stream, six of the
trays were placed in the Upstream site and the
other three trays were placed in the Downstream
site to study the responses of biofilms to the
physical-chemical characteristics in the water.

Afterward, to measure the rapid changes
in the biofilm structure and function when the
environmental quality decreases, three of the
trays from the Upstream site were transferred in
a humid environment to the Downstream site.
Therefore, three treatments were established:
control trays for the Upstream sites, control
trays for the downstream sites and the trays
that were transferred from the Upstream to
the Downstream sites (named “Translocated
treatment”) (Figure 1).

At the time of translocation (T0) and every
24hs post-translocation for 72hs (T1, T2, T3), three
epipelic biofilm subsamples were collected at
random from each tray by pipetting the surface
layer (0.5cm) of the sediment (Gomez et al.
2011) and transported to the lab in coolants for
analysis. Biological endpoints were measured
in all three subsamples from each tray, and
their values were averaged for the statistical
analyses; therefore, each tray acted as a single
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experimental unit. Results obtained for the
biological endpoints (chlorophyll-a, bacterial
density, activity of the electron transport system,
additional O, consumption) were referred to the
total surface (in cm?) of the sampled sediment
by a granulometry analysis (Folk 1959). Briefly,
1 g of dry sediment was sieved and separated
into clay (<3.9 um), silt (3.9 to <62.5 um), fine/
very fine sand (62.5 to <250 pm), medium sand
(250 to <500 um), and coarse sand (>500 um).
The total surface for each size fraction was then
calculated assuming the surface of a spherical
shape for the grains and the density of silica
(2.65 g cm™), to obtain a conversion factor for
each stream reach.

Bacterial density

Samples were stored in sterile glass vials
with 2% v/v formalin. Bacterial density was
estimated after sonication (three 2 min cycles)
and appropriate dilution (1:100 to 1:400) of the
samples. Diluted samples were stained for 10
min with DAPI (&, 6-diamidino-2-phenyilindole)
to a final concentration of 1 pg mL" (Porter &
Feig 1980), and filtered through a 0.2 pm black
polycarbonate filter (GE Osmonics). Bacteria
were then counted using an epifluorescence
microscope (Olympus BX-50) under 1000x
magnification and with an Olympus Q-Color5
imaging system. Twenty fields per replicate were
counted for a total of 400 to 800 organisms.

Chlorophyll-a

Chlorophyll-a content was measured by
spectrophotometric methods. Samples were
first sonicated for three 2-minute cycles in a
Cleanson CS1106 sonicator and filtered through
Sartorious GF/C filters. Chlorophyll-a was
extracted with 90% acetone for 12 h and the
supernatant was read in a Labomed UV-VIS
Auto 2602 spectrophotometer. Chlorophyll-a
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concentration (mg cm™) was calculated according
to Strickland & Parsons (1972).

Activity of the electron transport system (ETS)

The ETS activity represents a measure of the
overallrespiration ofthe biofilm,and was assayed
by measuring the reduction of the electron
transport acceptor INT (2-3 tetrazolium chloride)
into INT-formazan (iodonitrotetrazolium
formazan) (Blenkinsopp & Lock 1990). Samples
were incubated in 0.02% INT solution (Sigma-
Aldrich) for 12 hours in the dark. INT-formazan
was then extracted with cold methanol for a
minimum of 1 h at 4°C in the dark followed by
sonication (Cleanson CS1106). Absorbance at 480
nm was measured in a Labomed UV-VIS Auto
2602 spectrophotometer and converted to ETS
activity values (pg INT-formazan cm™ h™) using
a stock solution of 30 mg mL" INT-formazan in
methanol.

Additional oxygen consumption of the
sediment

The additional oxygen consumption method
(Knopp 1968) uses a substrate to stimulate
bacterial growth (peptone) in the samples, and
assumes that if the bacterial activity is normal,
the respiration associated with the reduction of
the additional substrate leads to an increased
oxygen consumption. This can be measured
as a greater oxygen depletion at the end of an
incubation period. If bacteria are being inhibited
by a stressor, oxygen consumption ceases or
lowers significantly. The additional oxygen
consumption (or “ZZ" for its acronym in German)
therefore provides a fast and comparative
measurement of the overall bacterial respiratory
activity. In these assays, samples were incubated
for 24hs after a peptone (50 mg L") spike was
added, and the dissolved oxygen consumed was
compared to control samples without peptone.
Results are expressed as the amount of oxygen
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consumed by the biofilm per hour (mg O, cm?
h™).

Statistical analyses

Differences in physical-chemical characteristics
of the sites were analyzed by a two factor
Multivariate Analysis of Variance (MANOVA;
Stream: Stream 1, Stream 2, Stream 3; Site:
Upstream, Downstream).

Changes in each of the biological variables
in the biofilm were analyzed by means of a
nested analysis of variance (Stream: Stream
1, Stream 2, Stream 3; Treatment: Upstream,
Downstream, Translocated; Time: T0, T1, T2, T3),
following the model: [X = p + Stream + Treatment
+ Time + Stream * Time + Time * Treatment
(sueamy + RESIDUALS].

Values were first transformed to log(x+1)
to ensure normality, which was previously
assessed by the Shapiro-Wilk test (Shapiro &
Wilk 1965); homogeneity of variance was tested
by Cochran’s C test (Cochran 1951). For each
biological variable, three subsamples from each
tray were collected, and their mean value was
used for the statistical analyses. The Student-
Newman-Keuls (SNK) post-hoc test was used,
and partial eta’(n’) was computed as a measure
of the effect size. The relationship between biotic
variables and physical-chemical characteristics
of the sampled sites were first checked by a
correlation analysis and modeled by applying
generalized linear models (GLMs), considering
a Gaussian distribution after checking that the
residuals were normally distributed.

All analyses were conducted using R(3.5.2) in
RStudio (1.2.5033). The rstatix package was used
to test normality and the outliers, to conduct the
ANOVA and RM-ANOVA analyses. The agricolae
package was used for the a posteriori tests and
ggplot2 for plotting.

(Stream)
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RESULTS

Site characteristics and physical-chemical data

Results show a higher impact of urbanization in
Stream 3, evidenced as higher mean values of
SRP (1.85 +1.37 mg L"), followed by Stream 2 (0.47
+0.25 mg L") and Stream 1 (040 £0.03 mg L"). In
the same gradient, Stream 3 had higher mean
values of organic matter, indicated by values of
BOD, (16.0 +6.80 mg L") and COD (31.7 +14.7 mg
L"), followed by Stream 2 (BOD, 9.6 +5.2 mg L,

BIOFILMS RESPOND TO IMPACTS OF URBANIZATION

COD 19.5 +6.4 mg L") and Stream 1(BOD, 9.0 +3.4
mg L' COD 191 54 mg L")

When considering the sites within each
stream, results from the multivariate analyses
show a significant increment in nutrients and
organicmatter concentrationsfromthe Upstream
to the Downstream sites (Table 1), depending on
the analyzed Stream (Stream*Treatment p=0.012;
partial n’=0.84). In Stream 1, the Downstream
site had higher concentrations of SRP (+8.6%),
BOD, (+36.4%) and COD (+40.3%). In Stream 2, the
Downstream site had increased concentrations

Table I. Mean (+ Standard deviation) values for the physical-chemical data in the upstream (Up) and downstream
(Down) sites of each stream (1, 2, 3). Significant differences between sites are marked with * (p-value < 0.05).

Stream 1
Up Down p-value Up
SRP. 0.39 0.42 0.03* 0.21
(mg L") (+0.0) (+0.0) (x0.0)
NO, 0.88 114 0.84
(mg L) (0.0) (x0.2) 057 (£0.4)
NO, 018 0.21 050 0.04
(mg L") (x0.0) (£0.0) ‘ (x0.0)
NH,’ 128 0.70 014 014
(mg L) (x0.4) (x0.6) ' (x0)
DIN 235 2.06 065 1.02
(mg L) (0.5) (0.8) ' (x0.3)
BOD, 7 1 . 73
(mg L) (£26) | () | O3 (+3)
CoD 14.3 24 19
0.02*
(mg L") (£1.2) (£2) (¥3.2)
Temperature 12.5 12 071 8.9
(0 (x0.3) (x0.2) ' (x0.5)
81 7.9 72
H 1
P (x01) (x01) 0 (x01)
. 442 373 154.5
T NT : 0.88
urbidity (NTU) | (,0%) | (182) (+34.5)
Conductivity 782.9 781.3 0.88 349.5
(us cm?) (£204) | (£191) ‘ (61.2)
DO 4.2 5.2 073 6.6
(mg L") (0.2) (x0.9) ' (+0.4)

An Acad Bras Cienc (2021) 93(Suppl.3)

Stream 2 Stream 3
Down | p-value Up Down p-value
0.64 0.60 311
<0.01* <0.01*
(x01) (+0.0) (+0.2)
1.81 0.03* 029 039 0.62*
(+0.5) ’ (+01) (+01) )
0.08 026 0.04 0.27 0.01*
(+0.0) ’ (+0.0) (+0.0) )
0.25 0.07 1M
0.58 0.01*
(+0) (+0) (+0.3)
214 0.04* 040 176 0.03*
(+0.5) ) (+01) (+0.3) ’
12 10.5 215
0.02* 0.04*
(£2.5) (+0.6) (£2.5)
20 098 24.8 38.8 0.59
(£5.3) ' (+8.2) (£5.2) '
124 0.02* 133 15.7 018
(+0.3) ) (+0.8) (+0.9) ’
7.7 010 74 7.8 016
(x0) ' (+01) (x021) ’
61.7 010 749 89.2 043
(+23.3) ’ (+27.8) (+147) ‘
6114 306.3 950.4
0.04* 0.01*
(£18.2) (+50.8) | (+90.3)
7 6 55
0.70 0.92
(+0.8) (+0.9) (+0.6)
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of SRP (+67.5%), BOD, (+39.6%), DIN (+52.4%) and
conductivity values (+42.8%). And in Stream
3, the Downstream site also had significant
increments in SRP (+80.6%), BOD, (+51.2%), DIN
(+77.4%) and conductivity values (+67.8%).

The effect size measure shows that the
differences in physical-chemical variables
between sites is intermediate (Partial 0.75 < n’
> 0.25).

Biofilm structure

The bacterial density was similar between
streams, yet it was higher in all the Downstream
sites when compared to the Upstream site

Bacterial density
(cells cm’™)

= Upstream

—  6.0EH06
g 4,0E+06
e .
Z LT :[ LI
2.0E+06 L]_J_ ................
b TC 2 C TC
I T T —1
0.0E+00
N 12E+07
L 8.0EH6
B
w2
4,0E+06 L’ ] TP oeeseueeees b
e b
" ] ib
0.0E+00
1.6E+07
en  12E+07
g 8.0E+06
&
4.0E+06 Te R R c
Eb 1b b b
0.0E+00
Ohrs 24hrs 48hrs 72hrs

Time

Downstream  =s=====sx Traslocated
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within each stream (Figure 2, Table II). Mean
bacterial density increases from Stream 1 to
Stream 3, with no significant differences in the
analyses: it ranged from 7.27x10° to 5.48x10° cells
cm?in Stream 1, from 2.46 x10° to 8.21 x10° cells
cm™in Stream 2 and from 1.66 x10° to 116 x10’
cells cm™in Stream 3. The bacterial density in
the translocated biofilm in Stream 1 increased
from T1 to T3 until it was similar to the density
at the Downstream site (p<0.05). In Streams
2 and 3, however, bacterial density in the
translocated biofilm was always similar to the
one in the Upstream treatment (Figure 2). The
effect size measures show that the significant

Chlorophyll-a

-2
(ug cm”)
= Upstream Downstream  =s=====sx Traslocated
8.0
6.0
a a
a
4.0 2 a
Ia ............... a
a
2.0
0.0
8.0
i a
6.0 2 J_a -!-a a
o e e
4.0 Fereeemsesennenesnemmen
b b )
2.0
0.0
40.0
30.0
20.0
c
10.0 b b C e I
.......... e
o b R " b
Ohrs 24hrs 48hrs 72hrs
Time

Figure 2. Mean (xSD) chlorophyll-a (ug cm?) and bacterial density (cells cm?) during the experiment in the
Upstream (black solid line), Downstream (gray solid lines) and Translocated (red dotted line) treatments. Letters
represent groups obtained from the post-hoc statistical analyses at each sampling time comparting between

treatments.
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changes in bacterial density associated with the
Treatment, . factor was strong (u*= 0.77).
Mean chlorophyll-a concentration was
higher in Stream 3 (12.04 + 1218 pg cm?) than in
Stream 2 (10.06 + 5.37 pg cm™) and than in Stream
1(8.27 + 3.98 pg cm™), although no significant
differences were found between streams. Within
Stream 1, chlorophyll-a concentration in the
biofilms (Figure 2) were higher in the Upstream
site (4.45 £0.86 ug cm™) than in the Downstream
site (1.25 +0.16 ug cm?). When translocated, the
chlorophyll-a in the biofilm started to decrease,
differing from the Upstream biofilm from T1to T3
(p<0.05, Table SlI). In Stream 2, all treatments had
similar chlorophyll-a concentrations regardless
of the sampling date (from 4.20 to 611 pg cm’
?). In Stream 3, the chlorophyll-a concentration
was over 12-fold higher in the Downstream
site (27.8045.16 pg cm?) than in the Upstream
site (2.05+0.81 pg cm™); the chlorophyll-a
concentration in the translocated biofilm

Table Il. Nested ANOVA results for the biological variables considering Streams, Treatment

BIOFILMS RESPOND TO IMPACTS OF URBANIZATION

increased to 4-5 fold its original concentration
after being translocated in T3-T4 (Figure 2). The
effect size measures show that the significant
changes in chlorophyll-a concentration
regarding the analyzed factors were moderate to
strong (p*> 0.25).

Biofilm metabolism

ETS activity was highly variable in all treatments
in the sampled streams (Figure 3). It ranged
from 0.2 to 0.26 pg INT-formazan cm™ h™ in
Stream 1, from 0.3 to 0.33 pg INT-formazan cm™
h™ in Stream 2 and it being significantly higher
in Stream 3, ranging from 0.57 to 1.47 ug INT-
formazan cm” h™ (p<0.05, u* = 0.83, Table SlI).
There were no consistent differences in the ETS
activity between Upstream or Downstream sites
or in the translocated biofilms, except for an
increased value at T3 in Stream 1.

O, consumption rates were also highly
variable between streams, treatments and

and sampling

(Stream)

Time. Significant results (p-value < 0.05) are marked with * and p*is provided as a measure of effect size.

Stream Treatment

(Stream)

F 0.76 40.22

Bacterial density o) 0.51 <0.01*
p? 0.46 0.77

F 1.35 434.66

chlorophyll-a o 0.33 <0.01*
P 0.94 0.97

F 819 16.97

0, consumption o) 0.02* <0.01*
2 0.79 0.59
F 70.03 2.59

ETS activity p <0.01* 0.02*
p? 0.83 018

FACTORS
Time Stream * Time Time * Treatment
(stream)
091 110 036
0.46 0.40 0.99
0.01 0.03 0.08
15.50 4.67 454
<0.01 0.01* <0.01*
0.75 0.64 053
2217 10.00 879
<0.01* <0.01* <0.01*
0.89 0.88 0.69
1.28 1.89 116
0.31 014 0.31
0.06 016 0.23
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sampling times (Table I, Figure 3). Rates ranged
from 0.03 to 1.39 mg O, cm™ h™ in Stream 1,
from 0.05 to 1.71 mg O, cm® h™ in Stream 2 and
from 0.03 to 0.25 mg O, cm™ h™in Stream 3. In
Streams 1 and 2, O, consumption was similar in
both sites, while in Stream 3 it was significantly
higher in the Downstream site. The translocated
biofilm increased its O, consumption in Streams
1and 3 at T2 (p<0.05, p’= 0.69).

ETS activity
(ug INT-formazan cm” hr”)

— Upstream
0.4
0.3

0.2

Stream 1

0.1

0.0

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Stream 2

25

2.0

15

1.0

Stream 3

0.5

0.0

Ohrs 24hrs 48hrs 72hrs

Time

Downstream — ========- Traslocated
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Relationship between the biofilm
characteristics and environmental variables

Correlation analysis between biological
variables and physical-chemical variables are
shown in Supplementary Material - Figure S1.
Bacterial density was positively correlated with
SRP concentration (R=0.81), BOD, (R=0.74), COD
(R=0.57), conductivity (R=0.41) and NO, (R=0.49).
Chlorophyll-a was positively correlated with the
same environmental variables, with the addition
of temperature (R=0.54), while also correlated to
bacterial density (R=0.79).

O, consumption
(mg O, cm” hr-')

Downstream  s=======- Traslocated

16
¢'{ a
1.2
-
0“'

— Upstream

Time

Figure 3. Mean (£SD) ETS activity (ug INT-formazan cm? h™) and O, consumption (mg 0, cm” h-) during the
experiment in the Upstream (black solid line), Downstream (gray solid lines) and Translocated (red dotted line)
treatments. Letters represent groups obtained from the post-hoc statistical analyses at each sampling time

comparting between treatments.
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GLM modeling of the biotic variables in
relation with all the physical-chemical variables
measured in the water (Table SI) show that
bacterial density was positively related to
SRP concentration (t=3.57; p=0.02) and near-
significantly to turbidity (t=2.42; p=0.06) and DO
(t=2.24; p=0.07). Chlorophyll-a variations were
also positively related to SRP concentration
(p=0.03), and near-significantly to turbidity
(positively, p=0.06) and to pH (negatively, p=0.06).

Metabolic variables were not significantly
related to any physical-chemical variables
through the GLM modeling, although ETS
variations were positively related to BOD,
concentrations (R=0.47) and negatively correlated
to NO, (R=-0.56) and DIN (R=-0.47).

DISCUSSION

The results show that the structural and
metabolic variables measured in the
biofilm responded to the physical-chemical
characteristics of the water, although they did
not represent suitable indicators of short-
term environmental degradation during the
translocation experiment. Nutrients and organic
matter concentrations were significant factors
in explaining the variations in bacterial density
and chlorophyll-a, even in the nutrient-rich
streams studied.

Bacterial density was a clear indicator
of increased nutrients and organic matter
concentration in the sites associated to
urbanization. Bacterial density was always higher
in the most urbanized sites, and the differences
between upstream and downstream sites was
also more important when the stream was more
polluted. This is consistent with was reported for
multiple environments under different nutrient
loads (e.g. Romani et al. 2004, Scott et al. 2008,
Diaz Villanueva et al. 2011, Cochero et al. 2018),
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where bacterial density was increased with
the addition of nutrients and/or labile organic
matter.

The response of chlorophyll-a, on the
other hand, was stream-specific, being higher
upstream in the less polluted stream (Stream
1), but higher downstream in the more polluted
streams (Stream 3). This latter is consistent
with the increase in nutrients downstream in
the more urbanized stream; nutrient availability
is one of the most important factors in biofilm
development, even in nutrient-rich streams
with high contents of organic matter (Carr et al.
2005, Cochero et al. 2013). In the less urbanized
streamsthe differences in nutrient concentration
between sites were not significantly different,
and a decreased algal biomass downstream can
suggest either the presence of other pollutants
associated with urbanization that inhibit algal
growth (i.e. metals), or that the algal communities
are limited by other factors, such as the
bioavailability of carbon (McNamara & Leff 2004,
Hill et al. 2012). Since Pampean streams are rich
in soluble phosphorous and nitrogen (Feijoo
& Lombardo 2007), microbial communities in
these environments could be limited by carbon
availability (Cochero et al. 2013).

Metabolic variables usually react sooner
than structural characteristics to environmental
impacts (Serra et al. 2009, Guasch et al. 2010b,
Cornet 2012, Proia et al. 2013), and the effects
are generally more evident when the biofilm
from a less polluted site is exposed to heavier
pollution than the other way around (Sierra &
GOmez 2010, Proia et al. 2013). In that sense,
primary production of the biofilm decreased
when transferred from a less polluted site to
a more polluted site in a nutrient-rich stream
before any changes were measurable in algal
biomass (Sierra & Gomez 2010). Our results show
that the metabolic variables measured, both as
the activity of the electron-transfer system and
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as sediment oxygen consumption, were highly
variable endpoints throughout the experiment,
not clearly allowing the discrimination between
environmental impacts. Only in the most
impacted site at the heavily impacted stream,
the O, consumption was linked with the higher
algal biomass and bacterial density. After the
translocation, the variability in ETS activity and
O, consumption in the biofilm increased, which
could be linked to the stress of the translocation
process, rather than a natural variation in
the communities. In long term experiments,
metabolic variables have shown to stabilize
(Sabater et al. 2011), linking streams exposed
to urban impacts to a higher heterotrophic
activity in the sediment (Bukaveckas et al. 2002,
Artigas et al. 2013, Aristi et al. 2015). However,
respiration endpoints from the sediment
should be analyzed with caution for short-term
translocation experiments aimed to recognize
fast changes in water quality conditions.

The use of translocation experiments has
been increasingly used for communities such
as diatoms (Ivorra et al. 1999, Tolcach & Gomez
2002, Sierra & Gomez 2010), as they can represent
a powerful approach for the biomonitoring
of watersheds, providing a suitable design
for multiple stressor assessment. These
experiments were conducted using glass, clay or
acetate substrates, where biofilm can develop
very differently from the existing community
in the sediment (Morin et al. 2016). By using
germination trays with stream sediment, we
ensured that the translocated assemblage is
similar to that found in the stream sediment,
which can represent an advantage to further the
knowledge of how sediment biofilms react to
changes in environmental conditions.

To conclude, the results presented here
show that even in nutrient-rich streams such
as the Pampean streams, biofilms respond
to differences in water quality mainly in the

BIOFILMS RESPOND TO IMPACTS OF URBANIZATION

structural characteristics, such as chlorophyll-a
and bacterial density after a 30-day colonization
period. If environmental conditions change
abruptly, as was simulated in this study,
there are also minor changes in structural
characteristics that might be indicative of
environmental degradation after as little as
72hs of exposure. Metabolic variables, on the
other hand, were more variable and influenced
by the translocation process, needing a
longer settling period to be considered as
indicators of environmental degradation.
Studies involving short-term responses in
translocation experiments, involving a larger
number of streams with different basal nutrient
concentrations, could evolve into fast and
inexpensive metrics to be used in biomonitoring
programs for urbanized streams.
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