
INTRODUCTION

It is well known that phytoplankton and bacterioplank-
ton (including bacteria and archaea) are key components
for the functioning of marine and freshwater ecosystems
through processes like primary production and reminer-
alization of organic matter (Pomeroy, 1974). It is also
known that heterotrophic bacterial production is coupled
to primary production (Cole et al., 1988). However, the
degree of coupling and the return of dissolved organic car-
bon to higher trophic levels via the microbial loop have
been shown to vary according to the nature of the ecosys-
tem. In open oceans and clear water lakes the flow of en-
ergy is controlled by nutrients, being phytoplankton the
main energy source for grazers and dissolved organic car-
bon derived from phytoplankton the main energy source
for bacteria, so that bacteria–phytoplankton coupling is
tight (Fouilland and Mostajir, 2010). In contrast, in estu-
aries and coastal lagoons the plankton system might have
a net heterotrophic metabolism or show seasonal shifts
from net autotrophy to net heterotrophy, which may be
due to turbidity, changes in nutrient availability or to in-
puts of allochthonous organic matter (Revilla et al., 2002;
Hopkinson and Smith, 2005). As a consequence, in tran-

sitional ecosystems bacteria can meet their organic matter
requirements not only via primary production but also
through plants leachates, macrophytes exudates or al-
lochthonous sources (i.e., runoff, riverine inputs), which
lead to a loose coupling between bacteria and phytoplank-
ton (Parker, 2005). 

In any case, the nature of the interactions between
phytoplankton and bacterioplankton will be determined
by several factors, such as the C:N ratio of metabolized
substrates (Goldman and Dennet, 2000), availability of
light and temperature (Lind et al., 1997), availability of
dissolved organic compounds (Björkman and Karl, 1994)
and bacterial surface-to-volume ratio (Brock et al., 1994).
For example, heterotrophic bacteria can compete with
phytoplankton for inorganic nutrients (e.g., ammonium,
NH4

+, nitrate, NO3
– or orthophosphate, PO4

–3) and indi-
rectly limiting primary production due to nutrient depri-
vation (Joint et al., 2002). This would provoke a decrease
in the amount of dissolved organic matter (DOM) released
by phytoplankton and in turn reduce its availability for
bacterial growth (Havskum et al., 2003).

Preliminary evidence suggests that the effects of nitro-
gen addition on algal production and community assem-

J. Limnol., 2014; 73(1): 122-130 ORIGINAL ARTICLE
DOI: 10.4081/jlimnol.2014.829

Incidence of phytoplankton and environmental conditions on the bacterial
ammonium uptake in a subtropical coastal lagoon

Germán PÉREZ,1 Laura FARÍAS,2 Camila FERNANDEZ,3,4,5 Daniel CONDE,6 Claudia PICCINI1*

1Departamento de Microbiología, Instituto Investigaciones Biológicas Clemente Estable, Avenida Italia 3318, Montevideo 11600,
Uruguay; 2Departamento de Oceanografía, Universidad de Concepción, Casilla 160-C, Concepción, Chile; 3Sorbonne Universités,
UPMC Univ. Paris 06, UMR 7621, Laboratoire d’Océanographie Microbienne, Observatoire Océanologique, F-66650 Banyuls/mer,
France; 4CNRS, MR 7621, Laboratoire d’Océanographie Microbienne, Observatoire Océanologique, F-66650 Banyuls/mer, France;
5Department of Oceanography and Interdisciplinary center for Aquaculture Research (INCAR), University of Concepción, Chile;
6Sección Limnología, Facultad de Ciencias, Universidad de la República, Iguá 4225, Montevideo 11400, Uruguay
*Corresponding author: cpiccini@iibce.edu.uy

ABSTRACT
We analyzed the coupling between bacterioplankton and phytoplankton in Laguna de Rocha through an experimental approach. A

freshwater zone of high turbidity and macrophytes growth and a brackish zone of higher light penetration and lower macrophytes bio-
mass characterize this coastal lagoon. It has been shown that dissolved inorganic nitrogen, especially NH4

+, has decreased to unde-
tectable levels during the last decade. One hypothesis for this trend is the rapid removal by phytoplankton and bacterioplankton uptake.
In an attempt to test this, we performed incubations using lagoon water from both zones split in two treatments (pre-filtered by 1.2 µm
and unfiltered water) and amended with 15N-NH4

+. After 4 h incubation we found that in both zones bacterioplankton showed significantly
higher NH4

+ uptake rates when incubated together with phytoplankton and that uptake rates of both microbial communities were higher
in freshwater incubations. These results suggest that bacterial NH4

+ uptake would be coupled to phytoplankton-derived exudates and
hence that depletion of dissolved NH4

+ in this system could be linked to rapid microbial uptake. The degree of this coupling would vary
according to hydrological dynamics in this ecosystem.

Key words: ammonium uptake rates, coastal lagoon, microbial interactions.

Received: July 2013. Accepted: September 2013.

Non
-co

mmerc
ial

 us
e o

nly



123Microbial ammonium uptake and phytoplankton-bacterioplankton coupling

blage may depend on the source and chemical composition
of the added nitrogen in freshwater lakes (Berman and
Chava 1999; Finlay et al., 2010). In this sense, it has been
shown that NH4

+ addition into phosphorus-rich lakes would
favour cyanobacteria, probably owing to their higher up-
take kinetics for that compound, whereas NO3

– amendments
would selectively stimulate the growth of eukaryotic algae,
whose nitrate reductase can be induced faster than that of
cyanobacteria (Blomqvist et al., 1994). Changes in the pri-
mary producers assemblage would, in turn, affect the DOM
fluxes and availability for bacterioplankton growth. The re-
lationship between phytoplankton and bacterioplankton
strongly depends on the specific characteristics of each
aquatic ecosystem and are therefore difficult to predict.
Consequently, assessing the nutrient fluxes through these
two communities of the microbial loop seems essential to
gain insight into the biogeochemical processes occurring
in the water column and to understand at which extent the
ecosystem functioning may be influenced by these two mi-
crobial communities.

Laguna de Rocha is a shallow and productive coastal
lagoon on the Atlantic coast of Uruguay that has shown
symptoms of eutrophication (Conde et al., 1999; Aubriot
et al., 2005). For instance, cyanobacteria and het-
erotrophic bacterial blooms have been observed, the latter
associated to high NH4

+ concentrations (Piccini et al.,
2006). Concomitantly, a regular decrease in dissolved in-
organic nitrogen forms, especially NH4

+, has been de-
tected in the water column between 1987 and 2003
(Aubriot et al., 2005). In fact, concentrations have ranged
from 14 μM to undetectable levels (<0.1 μM) over time
and there is apparently no clear temporal trend in the ob-
served concentrations (Calliari et al., 2009). The inorganic
nitrogen depletion in this system could be attributed to a
nitrification-denitrification coupling taking place at the
sediment level. Another plausible explanation that was
tested in the present study would be that the interaction
between bacterioplankton and phytoplankton favors the
rapid uptake of NH4

+ that enters Laguna de Rocha. In
order to test it, an experimental approach involving mi-
crocosms incubations amended with stable isotope-la-
belled NH4

+ and size fractionation was attempted. 

METHODS

Study site

Laguna de Rocha (34°33S’, 54°22’W) is a coastal la-
goon located on a microtidal coast, which periodically
connects with the Atlantic Ocean through a narrow chan-
nel that opens on the sand bar (choked-type lagoon). It
has a mean depth of 0.6 m and an area of 72 km2. When
the sand barrier opens as a consequence of SE winds or
by human action, the marine intrusion gradually divides
the lagoon into a brackish water zone (South) having low

nutrient concentration and high photosynthetically active
radiation and UV penetration, and a freshwater zone
(North) with high nutrient concentration, high turbidity
and low solar radiation penetration. Laguna de Rocha has
been extensively studied and further details can be found
in Conde et al. (2000), Conde et al. (2002), Bonilla et al.
(2005), Piccini et al. (2006), and Piccini et al. (2009). 

Sampling and in situ measurements

Samples were taken from two sites corresponding to
the above-described freshwater and brackish water zones
of the lagoon (Conde et al., 2000) in the Austral autumn
(May 2009). On each sampling site, pH, temperature and
conductivity were measured with a portable meter (ES-
I2, Horiba Inc., Irvine, CA, USA). Analysis of dissolved
inorganic N (DIN: NH4

+, NO3
– and NO2

–), total N and P
(TN and TP respectively) were determined according to
APHA (1995) and Valderrama (1981). To determine the
source of DOM in each zone, the content of chro-
mophoric dissolved organic matter (CDOM) was used as
a proxy of allochthonous origin. Samples for CDOM
measurements were filtered on the same day (within 6 h)
through 0.2 μm polycarbonate filters (Millipore, Biller-
ica, MA, USA), previously soaked overnight in 10% HCl
and rinsed with 20 mL of Milli-Q water. CDOM ab-
sorbance was measured at room temperature in a double-
beam spectrophotometer (Shimadzu UV1603) between
280 and 750 nm using acid-cleaned 5 cm fused silica cu-
vettes (Suprasil I) previously rinsed with Milli-Q water
and twice with the filtered sample Milli-Q water of low
dissolved organic carbon (DOC) concentration (0.05
mg.L–1) was used as a reference. Absorption coefficients
(a) were calculated as: a=2.303D/l, where D is ab-
sorbance and l is the pathlength of the cuvette in meters.
Correction for scattering caused by particles was done by
subtracting the absorbance value at 690 nm (Kirk, 1994).
For comparative purposes, we used the absorption value
of CDOM at 355 nm (a355). as a proxy to compare both
studied areas (Pugnetti et al., 2010). The following equa-
tion was used to quantify the CDOM present:

aCDOM(355)=2.303ACDOM(335). L–1

Particulate organic carbon (POC) and nitrogen (PON)
were analyzed after filtration through precombusted GF/C
filters (4 h, 450°C). POC and PON concentrations were
determined using a continuous-flow isotope ratio mass
spectrometer (Finnigan Delta Plus EA-IRMS). To remove
inorganic carbonates, samples were treated with fuming
HCl before their analysis (Nieuwenhuize et al., 1994). 

Experimental setup 

In order to address the NH4
+ uptake of phytoplankton
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and bacterioplankton separately, a size-fractionation ap-
proach was used. Experiments were carried out in triplicate
acid-cleaned PVC cylinders (microcosms) filled with 3L
of water taken from the brackish water zone (South) and
the freshwater zone (North) (Conde et al., 2000). Each set
of microcosm had two treatments, one consisted of unfil-
tered lagoon water (LW treatment, all plankton fractions)
and the other consisted of water previously filtered through
1.2 μm glass fiber filters (FW treatment, mainly bacterio-
plankton and virioplankton). Size fractionation was
achieved by gentle vacuum filtration (<125 mm Hg). Each
microcosm was amended with (15NH4)2SO4 (99% at.,
Aldrich, St. Louis, MO, USA)) at a final concentration of
50 nmol L–1, which was used in order to be close to 10%
of ambient concentration and avoid over enrichment
(Conde et al., 2000; Aubriot et al., 2005). Incubations were
run at the in situ temperature (15°C) in a circulating water
bath under PAR intensity of 689 µmol m–2 s–1 and subsam-
ples were taken at 0, 0.5, 2 and 4 h. The short incubation
times were chosen according to previous studies on site
(Piccini et al., 2009; Alonso et al., 2013) considering the
bacterial activity and its dynamics as well as to prevent the
effect of confinement on bacterial growth as it has been
reported (Fergusson et al., 1984; Fuchs et al., 2000). Water
samples from LW treatment were size-fractioned post-in-
cubation using 1.2 µm glass fiber filters (GF/C Whatman
Inc., Florham Park, NJ, USA) to retain most of the phyto-
plankton community (phytoplankton-enriched fraction,
PHYTO) (Bonilla et al., 2005; Vidal et al., 2007); the re-
sulting filtrate was passed through 0.5 µm glass fiber filters
(GE Water & Process Technologies, Boulder, CO, USA)
to get the bacterioplankton community (bacteria-enriched
fraction, BACT). In case of the FW treatment, water sam-
ples from the microcosms were directly filtered through
0.5 µm glass fiber filters (BACT fraction). All glass-fiber
filters were combusted (4 h at 450°C) prior to use. In order
to check that all the biomass was retained after filtrating
through the 0.5 µm glass fibre filters, portions of 3 mL of
water from the FW were filtered through polycarbonate
filters (type GTTP, 0.2 µm pore size, 47 mm, Millipore)
and checked by epifluorescence microscopy to see the
presence any cell. In parallel fluorescence of Ch a in vivo
was also checked. In both cases, no cells nor Chl a fluo-
rescence were detected suggesting that all the biomass was
retained in the filter. 

Ammonium uptake rates 

Filters containing particulate organic matter were
dried at 60°C and placed into 10¥10 mm tin cups (Santis,
Switzerland) before analysis using a continuous-flow iso-
tope ratio mass spectrometer (Finnigan Delta Pluss EA-
IRMS). Absolute NH4

+ uptake rates (ρN: nmol L–1 h–1)
representing the amount of N as NH4

+ taken up during the
incubation time standardized per h were calculated using

the following equation (Dugdale and Wilkerson, 1986):

where RPON and RNH4+ represent the 15N atom percent en-
richment in the PON and NH4

+ pools, and [PON] represents
the final PON concentration; t represents the duration (h)
of the incubation. Absolute uptake rates were not corrected
by the isotopic dilution effect (Glibert et al., 1982). 

Turnover times of NH4
+ for each fraction were calcu-

lated by dividing the ambient concentration of NH4
+ by

the corresponding uptake rate. 

Bacterial abundance and phytoplankton biomass

Water samples to determine bacterial abundance from
both treatments were taken at the time intervals mentioned
and immediately fixed with freshly prepared buffered
paraformaldehyde solution (PFA) at a final concentration
of 1% for 24 h. Afterwards filters were rinsed twice with
sterile phosphate buffered saline (PBS) and stored at -20°C
until further analysis.Bacterial abundance was determined
by staining cells with a final concentration of 1 µg. mL–1 of
4’,6-diamidino-2-phenylindole (DAPI) (Porter and Feig,
1980). DAPI-stained cells were counted manually achiev-
ing a minimum of 1000 cells per filter assisted by the free
counting software ClickCounter (http://www.biotechnobi-
ology.ch). Phytoplankton biomass was estimated by meas-
uring the in vivo Chl a fluorescence (Aquafluor Turner
Designs, USA) (Briand et al., 2004; Alonso et al., 2013).
The phytoplankton taxa were not assessed in this study. 

Statistical analyses

In order to determine if the detected differences be-
tween uptake rates, bacterial abundance and in vivo Chl a
fluorescence were significant, repeated measures analyses
of variance (rmANOVA) tests were performed using Sta-
tistica (v.7) (P-values of 0.05 were considered as the sig-
nificant threshold). Statistical relationships among the
variables were tested with non-parametric Spearman rank
correlations (r). The significance of the differences be-
tween variables was estimated with the Mann-Whitney
test (MW) using Statistica 7.0 (StatSoft).

RESULTS 

Environmental parameters of the sampling sites

At the time of the experiments, the lagoon was con-
nected to the ocean. Thus, the average conductivity in the
South zone was higher than in the North (42.9 and 24.7 mS
cm–1, respectively). DIN forms (NH4+, NO3

– and NO2
–)

were all undetectable in the South, whereas in the North
the concentration of NH4+ and NO3

– were 0.18 and 3.04
µmol L–1 respectively. NO2

–, on the other hand, was un-
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detactable. Total nitrogen concentration in the North
freshwater zone (11.8 µmol.L–1) was, on average, almost
twice than in the South (7.1 µmol.L–1), but total phospho-
rus was similar between sites (1.8 and 2.2 µM in North
and South, respectively). POC values were significantly
higher in the North (181.8 vs 100.6 μmol.L–1; P<0.05) and
no differences in PON concentration between sites were
found (5.3 and 5.2 μmol.L–1 in North and South, respec-
tively). When C:N ratios were calculated from POC and
PON, the ratios found in the North (34.2) were higher than
in the South (19.4). Also, the amount of CDOM measured
as a355 nm was higher in the freshwater zone (2.67 m–1 vs
0.23 m–1 in the South). 

Bacterial and phytoplankton ammonium
uptake rates 

The ammonium uptake rates observed for each as-
sessed planktonic fraction were significantly different be-
tween experiments from both zones of Laguna de Rocha.
In the North LW treatment incubations, NH4+ was actively

and similarly assimilated by the bacterial and phytoplank-
ton fractions (P>0.05) (Fig. 1A). However, in the FW (pre-
filtered water) treatment, bacterial ρNH4

+ was significantly
lower than its counterpart from the LW treatment (almost
10-fold; P<0.05) (Fig. 1C). On the other hand, NH4

+ uptake
rates calculated for both microbial fractions in the South
LW treatment were remarkably lower than those reached
in the North (P<0.05). In this experiment, the phytoplank-
ton fraction showed significantly higher ammonium up-
take rates (2.60±0.64 nmol N L–1 h–1, P<0.05) than the
bacterial fraction only at the end of LW incubations (Fig.
1B). When incubated alone (FW treatment) bacteria
showed lower ammonium uptake rates than in the LW
treatment, although this difference was not significant
(P>0.05) (Fig. 1D). Both bacterioplankton and phyto-
plankton fractions showed a positive and significant cor-
relation in their NH4

+ uptake process in the North
(r2=0.8263; P<0.05), whereas in the South this correlation
was weaker (r2=0.2601; P<0.05) but significant. On the
other hand, no significant correlation between the bacterial
abundance and NH4

+ uptake or with in vivo fluorescence

Fig. 1. Uptake rates of ammonium (rNH4
+), expressed in nmol N. L–1.h–1 for phytoplankton and bacterioplankton communities for both

zones (North and South) of Laguna de Rocha. A and B, uptake rates of phytoplankton and bacterioplankton from whole lagoon water
treatment (LW) found in the North and in the South, respectively. C and D, uptake rates calculated for BACT from the pre-filtered
water treatment (FW) in the North and South, respectively.
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of Chla was found (data not shown). Isotopic dilution of
15NH4

+ due to bacterial regeneration process can potentially
lead to an underestimation of the uptake rates (Glibert et
al., 1982). Although no NH4

+ regeneration experiments
were conducted in this study, the higher NH4

+ concentra-
tion in the North may indicate that this process could have
been more prevalent than in the South.

Ammonium turnover times calculated for each micro-
bial fraction were similar in the LW North treatment (0.10
and 0.12 d for phytoplankton and bacterioplankton frac-
tions respectively). Since ambient NH4

+ concentration in
the South was below detection limit, turnover times for
each microbial fraction were not possible to be calculated. 

Bacterioplankton and phytoplankton dynamics
during incubations

The abundance of bacteria in the North LW treat-
ment showed a significant decrease towards the end of

the incubation (P<0.05), while in the South bacterial
abundance slightly increased (Fig. 2A). On the other
hand, in the pre-filtered treatments (FW) from both
zones bacterial numbers remained fairly constant
through incubation time, showing no significant differ-
ences between the beginning and the end of the incuba-
tions (P>0.05) (Fig. 2B). 

Phytoplankton biomass in LW treatments showed no
significant differences during the time of incubation for
any zone (P>0.05). However, there were significant dif-
ferences in the biomass of primary producers between
zones (P<0.05) (Fig. 2C).The observation of the 0.2 µm
polycarbonate filters revealed the presence of unicellular
phytoplankters in the LW treatment in both studied zones
of the lagoon. However, in the FW treatment the recorded
fluorescence values were negligible, and no autofluores-
cent cells at the epifluorescence microscope were detected
(data not shown). 

Fig. 2. Bacterial abundance found in the experiments performed in the North and South sampling sites of Laguna de Rocha. A) Bacterial
counts in the whole lagoon water treatment (LW). B) Bacterial counts from the pre-filtered water treatment (FW). C) In vivo fluorescence
of Chl a measured in this experiment (in relative fluorescence units).
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DISCUSSION

In this study we analyzed the ammonium uptake rates
of phytoplankton and bacterioplankton in a brackish
coastal lagoon by a size fractionation approach in order
to address the interactions between them in distinct envi-
ronmental compartments of the system. The first outcome
of our study was that ammonium uptake by bacterioplank-
ton was enhanced by the presence of phytoplankton in the
incubations, being this trend more clear in the experiments
using water from the Northern zone of the lagoon (fresh-
water influence). This finding may suggest that during ex-
periments, bacterioplankton obtained the nitrogen (and
probably carbon and other nutrients) from phytoplankton
exudates and that this coupling was very fast (4 h). Ac-
cording to the current conceptual models, we expected
that in this zone of the lagoon the coupling between bac-
terioplankton and phytoplankton would be less tight,
owing to higher concentrations of organic matter and nu-
trients to sustain bacterial growth (Fouilland and Mostajir,
2010). Also, it has been recently shown that lake bacteri-
oplankton can growth on allocthonous DOM (Guillemete
and del Giorgio, 2012). However, in this study this may
not have been the case. As it has been previously de-
scribed for this ecosystem, nutrients and DOM concen-
trations are usually higher in the North zone, although
DOM is not always in a bioavailable form (Conde et al.,
2002; Piccini et al., 2009; Alonso et al., 2013). In the pres-
ent study, the North zone also showed a higher concen-
tration of inorganic nitrogen forms and a high C:N ratio,
suggesting that although nitrogen was available a great
portion of DOM carbon could have not been available for
bacterial growth, since it was mainly plant or macrophyte-
derived (allochtonous origin). This was supported by a355

indexes that were consistent with those generally ob-
served near the mouth of large rivers (Blough and Del
Vecchio, 2002). The presence of allochtonous, less labile
DOM in this zone of the lagoon, has also been confirmed
previously by Piccini et al. (2009), who showed that pho-
todegradation increased the availability of DOM, stimu-
lating the rapid growth and activity of bacterioplankton.
Therefore, it is very likely that under certain hydrological
conditions (e.g., riverine inputs) bacterioplankton growth
in the freshwater compartment strongly depends on phy-
toplankton exudates as a source of nutrients, especially
organic carbon. The positive and significant correlations
found between bacterioplankton and phytoplankton NH4

+

uptake rates support this finding, suggesting that this
process was coupled between these communities in the
North of Laguna de Rocha. Coupling in the ammonium
uptake by phytoplankton and bacterioplankton has also
been reported in other estuarine environments as the
Delaware estuary (Parker, 2005) or coastal waters
(Bradley et al., 2010).

Turnover times based on 15N-tracer experiments re-

flect the dynamics of N assimilation process in aquatic
systems. When compared with the water residence time,
it gives information whether nutrients are exported to the
sea or recycled within the system (Middelburg and
Nieuwenhuize, 2000). In this study, both fractions showed
similar turnover times in the North (≈0.12 d). Since the
water residence time can reach 30 days (closed condition)
at Laguna de Rocha, it can be assumed that both commu-
nities quickly recycle NH4

+ through uptake and assimila-
tion. This is particularly important since it shows that
bacterioplankton play an active role in the NH4

+ uptake.
Furthermore, as bacterial nitrogen assimilation takes
place, it lowers the C:N ratio and enhances the nutritional
value of particulate matter, which is an important food
source for pelagic and benthic consumers (Middelburg
and Nieuwenhuize, 2000). On the other hand, turnover
times in the South area of the lagoon could not be calcu-
lated because NH4

+ ambient concentration was below the
detection limit (<0.1 μmol.L–1). Under the physicochem-
ical conditions of the South brackish zone, bacterioplank-
ton NH4

+ uptake was less dependent on phytoplankton,
since uptake rates measured in the pre-filtered treatment
were similar to those found in the unfiltered water. This
suggests a weaker coupling between these two communi-
ties in the NH4

+ uptake. Several studies on European es-
tuaries have shown that N uptake rates are lower when
reaching the more saline gradient of the estuary (Middel-
burg and Nieuwenhuize, 2000; Veuger et al., 2004). These
authors found that near the mouth of estuaries, dissolved
free aminoacids (DFAA) had an important contribution to
the microbial N demand and that the community preferred
this form of N. This may explain why the NH4

+ uptake
rates in the South were lower than in the North and may
suggest that another N form fulfils the requirements of the
planktonic community in this zone of Laguna de Rocha.

Regarding other estuarine systems, bacterial ammo-
nium uptake rates found in the North LW treatment are
similar to those found in the Delaware Estuary using the
same experimental approach (Parker, 2005) and those re-
ported in a Mediterranean coastal lagoon using eukaryotic
inhibitors (Trottet et al., 2011). It has been described that
when substrate enrichments are below 50 % of the nutri-
ent in situ concentration, uptake rates must be regarded
as real. On the contrary, when enrichments are above this
value, uptake rates have to be considered as potential (Fer-
nandez et al., 2005). In the experiment performed in the
freshwater zone, we found that substrate enrichment after
tracer addition was 36%, leading to real uptake measures.
In the case of the South LW treatment enrichment was
close to 100%, since NH4

+ was undetectable, meaning that
rates have to be considered as potential. 

According to our results, the interaction between phy-
toplankton and bacterioplankton, as well as the environ-
mental conditions in each compartment, would be the
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main factors influencing the bacterial uptake of NH4
+ in

Laguna de Rocha. Besides, these results highlight the dif-
ferential relevance of these two components of the micro-
bial loop components in the nitrogen uptake. It should be
noticed that either predation or viral lysis could have also
controlled bacterial abundance (top-down control) in the
North experiments. This has already been observed and
studied in this system (Alonso et al., 2013) and has been
postulated as a resilience mechanism (Piccini et al., 2006).
However, top-down control might have not affected the
NH4

+ uptake process, suggesting that a selective predation
on less active bacterial groups could have occurred or, as
explained above, that the uptake process was not associ-
ated with the bacterial biomass. 

Previous studies in Laguna de Rocha indicate that pri-
mary producers are mainly structured by the spatial envi-
ronmental variability, which is a consequence of the
hydrology of the ecosystem (Conde et al., 1999). Analy-
ses of phytoplankton in this system have shown that bio-
mass values are in the range of other mesoeutrophic and
eutrophic lagoon ecosystems of the region (Abreu et al.,
1994), and that the community assemblage composition
is mainly composed by diatoms and flagellates of differ-
ent groups (Conde et al., 1999; Bonilla et al., 2005; Vidal
et al., 2007). In our study, the presence of unicellular pi-
cophytoplanktonic organisms in both zones of the lagoon
was detected. Autotrophic picophytoplankton (0.7 to 3 µm
size) is an important fraction of the total phytoplankton
biomass in Laguna de Rocha, and its contribution to total
phytoplankton biomass was found to be higher under con-
ditions of nitrogen limitation (Vidal et al., 2007). Also,
the physical conditions found in the lagoon when per-
forming our experiments would select unicellular plank-
tonic species, according to previous findings by Bonilla
et al. (2005). As it was expected, Chl a in vivo fluores-
cence measured in the pre-filtered treatments was under
the detection limit in both zones, indicating that the ex-
perimental approach used was useful to split both com-
munities and that calculated uptake rates of NH4

+

corresponded effectively to the previously assigned com-
munities. 

CONCLUSIONS

Overall, the results obtained in this work showed that
bacterioplankton has an active role in the ammonium up-
take in Laguna de Rocha. It is worth noting the depend-
ence of the bacterial ammonium uptake on
phytoplankton which led to a tight coupling between
both communities in the uptake process in the freshwater
zone. Even though higher DOM and nutrient concentra-
tions are usually found there (Conde et al., 2002; Piccini
et al., 2009), bacterioplankton probably supported its
ammonium uptake on phytoplankton DOM. This could
be because the allochthonous DOM in this system in this

particular situation was not readily labile for bacterio-
plankton. Therefore, the interactions between both com-
munities, as well as environmental conditions at each
compartment caused by the complex hydrology would
be the main factors influencing the uptake of ammonium
in this coastal lagoon. 
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