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Abstract We analyzed the diatom assemblages
inhabiting the epipelic biofilm of a Pampean stream,
characterized by their high basal nutrient levels, when
exposed to a continuous surplus of inorganic nutrients.
An in situ experience was conducted, increasing
concentrations of N and P in water 3-fold from the
basal concentration. Nutrient enrichment was
achieved by the use of fertilizer bags distributed along
the reach. The period of exposure was of 14 months.
The effects of nutrient enrichment were analyzed
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following a BACIPS ANOVA design. The changes in
nutrient concentration were associated with a signif-
icant increase in diatom density and a decrease in
species richness and diversity. The additional nutrient
load also caused the change in the diatom taxa
proportion, favoring motile forms, Nitzschia species
mainly. The fertilization in La Choza, caused a mild to
moderate effect, indeed not immediate, on the diatom
assemblage. These delayed responses of moderate
intensity could be related with intrinsic characteristics
of diatom assemblages pre-adapted to nutrient-rich
environments. The rising urbanization and agricultural
activity in the Pampean plain, may seriously impair
the biodiversity of its rivers if the entrance of nutrients
to these ecosystems is not mitigated.

Keywords Epipelic diatoms - Nutrient enrichment -
Pampean stream - Density - Diversity - Nitzschia
proportion - Growth forms

Introduction

Increased pressure by human beings is mainly
expressed as the loss of natural habitats and its
conversion to land dedicated to agriculture and
farming. These changes in land affect biodiversity
and functioning of both terrestrial and aquatic ecosys-
tems (Sala et al., 2000; Bauer et al., 2002). In the case
of the Pampa region, an extended agricultural area in
Argentina (East South America), land use changes are
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combined with climate change predictions of higher
rainfall and altered runoff patterns (Kitoh et al., 2011).
Altogether, the region is facing scenarios of higher
amounts of nutrients drained from the land and
reaching the running waters. The predictions are that
streams and rivers will have higher water discharge as
well as greater nutrient concentrations, anticipating
modifications on the river biodiversity as well as in the
food web structure (Hart & Robinson, 1990; Liess &
Hillebrand, 2004; Feijod et al., 2014). This would
results in significant alterations on ecosystem func-
tioning (Biggs, 1996; Worm et al., 2002; Acuna et al.,
2011). The nutrients excess may also affect the quality
of water resources, with accompanying economic
implications (Dodds et al., 2009; Stevenson & Sabater,
2010).

Several studies have recognized the link between
rising nutrient concentrations and benthic algal
biomass increase (Dodds et al., 2002; Dodds, 2006;
Smith & Schindler, 2009; Gudmundsdottir et al.,
2011; Sabater et al., 2011). Some of these studies were
based on field manipulations in nutrient concentra-
tions to assess benthic algal growth (Bothwell, 1989;
Walton et al., 1995; Rier & Stevenson, 2006; Steven-
son et al., 2006), while others consisted of large scale
surveys investigating the relationships between nutri-
ent enrichment and algal biomass (Welch et al., 1992;
Dodds et al., 1997; Chetelat et al., 1999). Overall,
there is a well-established evidence that nitrogen and
phosphorus availability are tightly related to benthic
algal biomass increase and community composition
changes (Borchardt, 1996; Stevenson, 1996; Wyatt
et al., 2010). Diatom assemblages respond to human
impacts by changing the proportion of tolerant species
to eutrophication, the proportion of nitrogen-hetero-
troph species, and the proportion of motile forms (Fore
& Grafe, 2002).These effects have been proved in
several field manipulation studies that have reported
the increase of motile forms (e.g., taxa of Nitzschia
and Navicula) and the variation in growth forms
(Pringle, 1990; Kelly, 2003; Bellinger et al., 2006,
Veraart et al., 2008; Wyatt et al., 2010; Gudmunds-
dottir et al., 2013).

Lowland streams in temperate areas are generally
nutrient-poor (Kjeldsen et al., 1998; Vilbaste & Truu,
2003), but those in the Pampa are characterized by
high basal nutrient concentrations (Giorgi, 1998;
Feijod et al., 1999) and show very high growth of
primary producers such as algae and macrophytes
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(Acuna et al.,, 2011). The pampean streams run
through depositional areas, dominated by volcanic
sediments rich in phosphates and silicates (Martinez &
Osterrieth, 1998; Giorgi et al., 2005). These are
streams usually with stream bed made up of fine
sediments (silt and clay), which are covered by
epipelic biofilms rich in diatom taxa (Goémez, 1998;
Goémez & Licursi, 2001). Neither nutrients (mainly N
and P) nor light are usually limiting primary produc-
tion in pampean streams (Giorgi, 1998; Feijoo et al.,
1999; Acufia et al., 2011). Beyond the natural
condition of nutrient-rich systems, these systems are
submitted to rising nutrient concentrations because of
the implementation of intensive agricultural practices.
Understanding the effects of additional nutrient inputs
to these nutrient-saturated systems (Armendariz et al.,
2012; Artigas et al., 2013; Cochero et al., 2013; Ocon
et al,, 2013) is essential to foresee the potential
implications associated to global changes for this
region.

The Pampean plain contains one of the highest
demographic and industrial concentrations in South
America, as well as one of the largest agriculture and
livestock production in the world. Such a heavy
exploitation of the land by humans comes along with
an intense use of agrochemicals. According to FAO
(2013), the use of nitrogen-based fertilizers in
Argentina doubled in the last 10 years, while the use
of phosphorus-based fertilizers almost tripled during
that period. These additional nutrients can cause an
imbalance in the relationship nitrogen-phosphorus
relationship (N:P), as well as new environmental
conditions that would favor some species in detriment
of others.

Diatom assemblages are sensitive to nutrient con-
ditions, and quickly adapt their communities’ compo-
sition and their relative abundance to the new
conditions. This ability makes them attractive to
understand and predict the effects of increased nutri-
ents in the biological structure of the river ecosystem
(van Dam et al., 1994; Kelly & Whitton, 1995; Kelly
etal., 1998; Winter & Duthie, 2000; Kelly, 2003; Lobo
et al., 2004; Bohm et al., 2013).

We aimed to understand the changes produced in
the epipelic diatom community after a long-term
(14 months) nutrient addition that tripled the basal
nutrient concentration. Our hypothesis was that the
experimental enrichment (with N and P) in La Choza
stream would lead to an increase in diatoms density, as
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well as changes in diatom community structure. Such
changes would enhance the proportion of tolerant taxa,
and would favor the mobile growth forms (such as
Nitzschia and Navicula species) able to avoid the
stress within the benthic mat (Johnson et al., 1997).
However, given the high nutrient concentration in the
river, we also hypothesize that the response of the
diatom communities would not be immediate after
nutrient enrichment.

Study area
La Choza is a pampean stream located in the lowland

prairies of Buenos Aires province (Argentina)
(Fig. 1). The stream is characterized by a channel

4-10 m wide (Colautti et al., 2009), which mean depth
is 60 cm. Its basin surface area is 48 km” and drains
deep loess deposits, mainly covered by temperate
grassland grazed by cattle, and one quarter of the land
is being devoted to agriculture (Artigas et al., 2013).
The climate is temperate continental, resulting in wet
springs and autumns. The average annual rainfall is
600-1200 mm, and the average monthly temperatures
range from 10°C (June) to 24°C (January) (Erefio,
2002).

The experimental nutrient enrichment was con-
ducted in a third order section (34°41'56"'S, 59° 04’16
W) of the stream, naturally devoid of riparian trees
(Fig. 1). The stream bed is composed of carbonate
calcium precipitates and deposits of silt and clay
(Rodrigues Capitulo et al., 2010).
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Fig. 1 Map of the study area (A) showing the location of experimental reaches in La Choza Stream (B), Buenos Aires, Argentina
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Materials and methods
Experimental manipulations

The experimental manipulation consisted in the arti-
ficial enrichment of a 100 m reach (named as the
enriched, E reach), in comparison with an upstream
100 m reach, that served as control (hereafter named
as the control, C reach). Both reaches were geomor-
phologically and hydrologically comparable (Artigas
etal., 2013). The C reach was located 5.3 km upstream
to ensure that the samples taken in both reaches were
independent. Both reaches (C and E) were sampled
monthly for 6 months prior to the nutrients addition
(June-November 2007), and for 14 months (Decem-
ber 2007 to February 2009) since the enrichment
onset. N and P concentrations were increased 3 times
in the E reach with respect to the C reach. Mesh bags
with 750 g of commercial fertilizer (Nitrofoska®,
Basf, Amberes, Belgium; 12% P as PO437 and 10% N
as NO;3; ) and 250 g of urea were used to produce the
desired enrichment in the E reach of the La Choza
Stream. Twelve in-water bags were distributed along
the treatment reach, and nutrient concentrations were
adjusted twice a week in order to follow the natural
variations of water flow and nutrient concentrations in
the stream (Artigas et al., 2013).

Physical-chemical parameters

Dissolved oxygen (mg 171), pH, temperature (°C), and
conductivity (uS cm™'), were measured using a
Horiba-U10 portable Water Quality Checker (Horiba,
Co., Japan).Water samples for nutrient analysis were
collected in triplicate in both reaches on each sampling
occasion. Samples were filtered through pre-com-
busted glass fiber filters (Whatman GF/F, Whatman
International) and analyzed for ammonium (NH,,
pg N 171), nitrate (NO3;~, ug N 171), and soluble
reactive phosphorus (SRP, pg P 17') concentrations
according to standard methods (APHA, 1998). Total
dissolved inorganic nitrogen (total DIN, ug N17') was
calculated as the sum of nitrate, nitrite, and ammonia.

Diatom assemblages
The epipelic biofilm samples were collected monthly

during the experimental period (6 and 14, before and
after enrichment, respectively), by pipetting 10
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aliquots of streambed subsamples from each stream
reach. Each aliquot was 4 ml in volume and corre-
sponded to 1 cm? of the superficial sediment layer
(G6émez & Licursi, 2001). The samples for diatom
identifications were first cleaned with hydrogen per-
oxide (H,0O,) at 60°C in stove during 12 h_then
washed thoroughly by centrifugation with distilled
water, and 100 pl of sample were mounted on
microscope circular slides (@ 22 mm, Menzel-
Glazer®) using Naphrax®. Four hundred valves from
each sample were identified using an Olympus BX51
microscope with interference, phase-contrast and
Nomarski—differential-interference-contrast optics at
1000x magnification. The monographs of Krammer
(1992, 2000), Krammer & Lange-Bertalot (1986,
1988, 1991a, b), Rumrich et al. (2000) and Patrick &
Reimer (1966, 1975) were used for the diatom taxa
identification. The quantification of the total abun-
dance of diatoms was performed at 400 x magnifica-
tion using a Sedgwick—Rafter chamber (APHA, 1998).
Species diversity was calculated using the Shannon
and Wiener index according to Ludwig & Reynolds
(1988).The diatoms were classified by their growth
form according to Molloy (1992), and by their
metabolic characteristics with respect to the nitrogen
metabolism according to van Dam et al. (1994).

Data analysis

Only those species present in at least 2% of the total
sample dataset and with more than 2% of relative
abundance in at least 1 sample were included for the
statistical analysis. The effects of nutrient enrichment
on the physico-chemical data and diatom variables
were analyzed following a BACIPS ANOVA design
between the control and enriched reaches (Stewart-
Oaten & Bence, 1986). The proportion of variance
(often termed eta squared, #°) explained by the BA
factor plus the CE x BA interaction was calculated as
an estimate of the magnitude of the effect of nutrient
enrichment (Artigas et al., 2013).

Cochran’s test (Cochran, 1941) was used to test for
homogeneity of variance on the transformed data, and
then a 3-factor ANOVA was performed: (1) Periods:
before, after (BA); (2) Reach: control, enriched (CE);
and (3) Time: sampling times, nested within periods
[TIME (BA)].

Impacts can cause different patterns in the resulting
tables of these analyses. The interaction between the
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factors Period and Reach (BA x CE) will be signif-
icant if there are immediate or ‘press’ effects, i.e., if
the variables in the impacted site are shifted to a new
average condition in the after period. Alternatively, if
there are gradual or ‘pulse’ effects, the interaction
between the factors Reach and Time [CE x TIME
(BA)] will be significant, with no significant interac-
tionin BA x CE. Both interactions will be significant
if there is not only a substantial difference between the
sites and periods, but also a large variation within each
period in each site (Cochero et al., 2013).

Differences between diatom assemblages in C and
E reach before and after nutrient addition were
analyzed by a multidimensional scaling (MDS) ordi-
nation analysis, using the Bray—Curtis similarity
measure; species abundance data were In (x + 1)
transformed (Warwick & Clarke, 1993; McCune &
Grace, 2002).

Results
Physical and chemical variables

The physical and chemical parameters (Table 1)
differed between reaches and periods. The differences
were significant (CE x TIME [BA], P < 0.05)
between C and E reaches in conductivity, pH,
dissolved oxygen, SRP, and DIN concentrations
(Table 1). During the pre-enrichment period, the

Table 1 Mean values (£SD) of the physical-chemical param-
eter in the control (C) and enriched (E) reaches in La Choza
stream during the study period (B: Before, A: After

conductivity values were slightly higher in the E than
in the C reach, and these differences were enhanced
after fertilization (P < 0.001).The temperature varia-
tions followed the typical seasonal ranges (summer:
32.8-16.2°C, autumn: 14.9-8.3°C, winter: 10-4.6°C
and spring: 26.1-14.3°C), but the pattern did not differ
between reaches. While the dissolved oxygen concen-
tration averaged 9.8 mg 1~' in both reaches during
pre-enrichment, it significantly (P = 0.003) decreased
in the E reach (average 8.6 mg 17'; Table 1) during
enrichment. The pH values during the enrichment
were higher in the C than in E reach (P = 0.001).

Nutrient addition increased the average SRP con-
centrations by about 5-fold in the E reach (Fig. 3) when
compared to the C reach (CE x BA, P = 0.027), and
the DIN concentration by about 2-fold when compared
to the C reach (Table 1). However, the DIN, had an
average concentration of 0.65 mg 17" before the
fertilization period in the C reach, and of 1.38 mg 1~
in the E reach. During the fertilized period the
average concentration of DIN in both reaches
decreased. Although the effect of fertilization was
significant [CE x TIME (BA), P < 0.001], this was
mainly due to the first 2 months after fertilization;
following that time the DIN remained similar in both
reaches. The DIN:SRP relationship changed from 3.2
to 4.6 in the C reach and from 5.6 to 1.9 in the E reach
(Table 1), indicating an imbalance due to denitrifi-
cation processes (Cochero et al., 2013) in La Choza
stream.

enrichment) and results obtained for the BACIPS (before—
after/control-impact paired series) ANOVA

C E CE x BA CE x TIME (BA)
B A B A P value P value
Conductivity 866.7 (£ 511.8) 1272.7 (£ 101.5) 1159.6 (£ 500.6) 1748.4 (+ 96.5) 0.644 <0.001
(uS em™)
Dissolved oxygen 9.8 (£ 5.0) 9.5 (£ 3.9) 9.8 (£4.1) 8.6 (£22) 0.564 0.003
(mg 17")
pH 7.4 (£ 0.8) 83 (£ 04) 7.6 (£ 04) 8.1 (£ 0.3) 0.227 0.001
SRP (mg 171 0.21 (£ 0.18) 0.09 (£ 0.02) 0.25 (£ 0.14) 0.46 (£ 0.36) 0.027 0.005
DIN (mg 17") 0.65 (£ 0.43) 0.41 (£ 0.49) 1.38 (£ 0.85) 0.88 (£ 0.90) 0.093 <0.001
DIN:SRP 32 4.6 5.6 1.9

Significant (P < 0.05) values are marked in bold

@ Springer



Hydrobiologia

Diatom assemblage

A total of 200 diatom species were identified during
the study, and 64 of them were used for the statistical
analyses (Table 2). The most frequent and abundant
species throughout the study were Denticula kuet-
zingii, Nitzschia frustulum, Hippodonta hungarica,
Nitzschia amphibia, N. palea, Ulnaria ulna, Gom-
phonema parvulum, Melosira varians, Nitzschia
inconspicua, Achnanthidium minutissimum, Try-
blionella kuetzingii, Caloneis bacillum, and Nitzschia
supralitorea. Species richness and diversity were
significantly lower (P < 0.001) in both reaches,
particularly in the E reach at the end of the experiment
(Figs. 2, 3; Table 3). However, cell density increased
significantly, reaching a maximum of 82 x 10° cell
cm 2 in the E reach at the end of the experiment, while
the C reach attained 17 x 10° cell cm ™2 (Fig. 4;
Table 3). A clear separation in species densities in E
reach during enrichment period was observed in the
MDS ordination (Fig. 5). The stress value obtained
was 0.1; according to Clarke & Warwick (1994) this
value corresponds to a good ordination with no real
prospect of misleading interpretation.

Enrichment promoted the growth of Nitzschia
palea, N. inconspicua, and N. frustulum significantly
(Table 2). Meanwhile Denticula kuetzingii and Hip-
podonta hungarica were significantly favored by
enrichment in the early stages of fertilization but
declined at the end of the experiment and were
replaced by N. frustulum mainly. The BACIPS
ANOVA results evidenced a significant immediate
effect in the Nitzschia palea density in the E reach,
while the effect were gradual for the rest of species
mentioned above (Table 2).

Enrichment caused a low impact on species rich-
ness (7> < 0.20), but caused moderate impact on its
abundance and diversity (0.20 > r]2 < 0.8) (Fig. 6).
Regarding the species densities, the effect of the
fertilization was greater on Nitzschia frustulum, N.
inconspicua, Denticula kuetzingii, and Hippodonta
hungarica (0.20 > 112 < 0.8), whereas for Nitzschia
palea the effect was lower (7° < 0.20).

The proportion of Nitzschia species increased
significantly (P < 0.05) in the enriched reach as a
consequence of nutrient addition (Fig. 7), while
different species (e.g., Denticula kuetzingii and Hip-
podonta hungarica) were dominant in the Control
reach. The proportion of Navicula species did not

@ Springer

show significant differences between reaches (Fig. 7;
Table 2).

The nutrient enrichment determined changes in the
proportion of growth forms of the diatom community.
The postrate motile forms (e.g., Nitzschia species)
were significantly (P < 0.05) more abundant in the E
reach in the post enrichment period (Table 2; Fig. 8),
while the adnate forms (e.g., Denticula species)
prevailed in the C reach (P < 0.05).

Discussion

Increase in nutrient loadings of aquatic ecosystems has
been predicted by different scenarios of global change
(Hulme & Sheard, 1999). Our study shows that
nutrient enrichment in a Pampean stream, already
characterized by high basal nutrient levels (Feijoo
etal., 1999; Artigas et al., 2013), caused an increase in
total diatom density and a decrease in species richness
and diversity. The additional nutrient load also caused
the change in the diatom taxa proportion, favoring
motile forms, Nitzschia species mainly.

Several studies have already reported that diatom
density may increase as a consequence of nutrient
addition in streams. Usually, these studies have been
performed in systems with lower basal nutrient status
(Kelly, 2003; Bellinger et al., 2006; Gudmundsdottir
etal., 2013), where light can be the mainly modulating
factor (Veraart et al., 2008) to nutrient enrichment. In
La Choza stream the significant increase in diatom
density was associated with the increase of nutrient
concentration, as well as with the full light
availability.

The most remarkable effect caused by nutrient
enrichment on the diatom community in La Choza was
the change in the diatom species proportion within the
diatom community. In all of the cases the response was
not immediate, and most of the changes were obvious
only at the end of the enrichment. Such a delay in the
response to nutrient enrichment was also observed in a
forested stream, where light was limiting (Veraart
et al., 2008) and where changes coupled to short
windows of opportunity (i.e., higher light availability
coupled with nutrient enrichment).

Diatom species showed differential responses to
enrichment. Most of the taxa that decreased in
response of the nutrient addition (Caloneis bacil-
lum, Nitzschia amphibia, Hippodonta hungarica,
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Fig. 2 Diatom richness in 70
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Fig. 3 Diatom diversity 5
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enriched (E) reaches before
and after the experimental
enrichment. The dotted line
indicates the onset of the
fertilization period
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Table 3 Results obtained for the BACIPS (before—after/control-impact paired series) ANOVA for diatom richness, diversity, and
density

CE BA TIME (BA) CE x BA CE x TIME (BA)
Richness 0.754 0.000 0.526 0.542 <0.001
Diversity (H’) 0.501 0.000 0.851 0.666 <0.001
Density 0.066 0.040 0.178 0.070 <0.001

CE control-enriched, BA before—after, TIME time sources of variation are shown

Significant (P < 0.05) values are marked in bold

Denticula kuetzingii, Achnanthidium minutissimum, conductivity, organic matter and nutrient concentra-
and Ulnaria ulna) are considered as mesotrophic, and tion (van Dam et al., 1994; Goémez & Licursi, 2001;
have a recognized sensitivity to increased Licursi et al., 2010). However, those species that
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Fig. 5 Multidimensional scaling (MDS) biplot of Bray—Curtis
similarities, based on In (x + 1) transformed diatom densities in
control (C) and enriched (E) samples before (b) and after (a) the

increased their densities as consequence of the exper-
imental enrichment were more tolerant to higher
nutrient concentrations; this was the case of Nitzschia

@ Springer

onset of the fertilization period. Open circle Cb filled circle Ca
open triangle EDb filled triangle Ea

frustulum, N. inconspicua, and N. palea. These are
common and abundant diatom species in Pampean
river systems affected by agricultural and urban land
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Fig. 6 Proportion of
variance explained by
nutrient enrichment on
diatom diversity,
abundance, and richness and
selected species from
BACIPs analysis, the values
represent the n2 values
(NIFR Nitzschia frustulum,
DKUE Denticula kuetzingii,
NINC Nitzschia
inconspicua, HHUN
Hippodonta hungarica,
NPAL Nitzschia palea)

Fig. 7 Relative abundance
of Nitzschia and Navicula
forms in diatom
assemblages of control

(a) and enriched (b) reaches.
The dotted line indicates the
onset of the fertilization
period
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Fig. 8 Relative abundance
(%) of diatom growth forms
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dotted line indicates the
onset of the fertilization
period

80%
70%
60%
50%
40%
30%
20%
10%

0% ..
Mar May Jun

Relative abundance

Aug

Sept Oct Dec Jan Feb Apr

T T T T T T T 1

Sep Nov

May Jul Dec Feb

2007

100% g
0% |1
80%
70%
60%
50%
40%
30%
20%
10%

Relative abundance

2009

2008

0% T T
Mar May Jun

Aug

T T T T T —

Jan Feb Apr May Jul

T T T

Sept Oct Dec Sep Nov Dec Feb

2007

2008 2009

Year/month

O MONORAPHID POSTRATE
OFILAMENTOUS
B STALKED

B POSTRATE NON-MOTILE
EJADNATE

@ POSTRATE MOTILE
W ERECT

uses, as consequence of high organic matter and
nutrients amounts (Gémez & Licursi, 2001; Licursi &
Goémez, 2002; Sierra et al., 2013).These species have
also been reported to be able of using organic nitrogen
(Hellebust & Lewin, 1977; van Dam et al., 1994,
Tuchman et al., 2006). In La Choza stream these taxa
could be favored by greater availability of organic
matter (from increased production of autochthonous
organic matter) and by the imbalance of the N:P en E
reach. An increase in the relative abundance of
Nitzschia species has been associated to high sediment
and phosphorus loads (Kelly, 2003; Licursi & Gémez,
2009), and was reported by Pan et al. (2012) as

@ Springer

indicator of both water
degradation.

Cell motility can influence the ecological success of
certain species (Hudon & Legendre, 1987). Motility may
allow it to actively seek limiting resources, such as light
or nutrients, and, thus, reduce the intensity of density-
dependent effects (Mc Cormick & Stevenson, 1991).
Motile diatom species have a competitive advantage over
their attached relatives as they can actively expose
themselves to optimal light conditions and avoid oxida-
tive damage under supersaturating irradiance condition
(Cohn & Weitzell, 1996; Cartaxana & Serodio, 2008;
Barnettetal., 2015). Another advantage of motility is that

quality and habitat
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the cells can move to nutrient-richer microhabitats when
nutrients are limiting growth (Hoagland et al., 1982;
Hoagland, 1983; Svensson et al., 2014). According to
Passy (2007) motile forms are comparatively free of both
resource limitation and disturbance stress. Accordingly,
high abundance of motile species has been reported
associated to physical disturbance by siltation in benthic
habitat of rivers (Bahls et al., 1992; Fore & Grafe, 2002;
Licursi & Gomez, 2009; Pan et al., 2012), and also in
nutrient-rich habitats (Kelly, 2003; Vilbaste & Truu,
2003; Passy, 2007; Gottschalk & Kahlert, 2012; Pan
et al., 2012). In addition, in La Choza stream, nutrient
enrichment favored the shift of adnate growth form (e.g.,
Denticula species) to motile growth forms (Nitzschia
species, mainly). Bellinger et al. (2000) reported increase
in the proportion of motile forms in an experimental
enrichment in an African stream. Changes in predomi-
nant growth forms were also reported by Gudmundsdottir
et al. (2013), in a study of nitrogen enrichment of sub-
Artic streams, but that produced the decrease of motile
diatoms (e.g., Nitzschia and Navicula) and the increase of
attached diatoms by mucilage pads. Whether this differ-
ence is due to the use of only nitrogen in the nutrient
enrichment, while in the rest of discussed studies
enrichment both nitrogen and phosphorus were used,
remains to be tested.

Changes in diatoms were not the only ones caused
in the biota of La Choza. Complementary studies
related with Functional Feeding Groups (FFG) of
invertebrates (Ocon et al., 2013) during the experi-
mental nutrient addition in La Choza stream, revealed
a significant increase in filtering-collectors and a
significant decrease in gathering-collectors in the
Enriched reach, while predators and grazers did not
show statistically significant changes. Their results
also indicate that after the enrichment the diatoms
became the least abundant basal food web resource of
all the FFGs. The authors found that in the guts of
Pomacea canaliculata (main scraper in La Choza
stream), at the treatment site, the proportion of diatoms
had become significantly lower and mainly vascular
plants were dominant.

Conclusion
Nutrient addition in La Choza stream was associated

with changes in density, richness, diversity, growth
forms, and the tolerance of species to eutrophication.

The additional fertilization in La Choza for
14 months, produced in a system with high basal
levels of nutrients and high irradiance, caused a mild
to moderate effect, indeed not immediate, on the
diatom assemblage. These delayed responses of mod-
erate intensity could be related with intrinsic charac-
teristics of diatom assemblages pre-adapted to
nutrient-rich environments. Our results indicate that
the rising urbanization and agricultural activity in the
Pampean plain, may seriously impair the biodiversity
of its rivers if the entrance of nutrients to these
ecosystems is not mitigated.
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