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ABSTRACT
Mixotrophic ciliates in North-Patagonian Andean lakes: stoichiometric balances in nutrient limited environments

Transparent ultraoligotrophic lakes in the North-Patagonian Andes have a particular microbial food web, with the presence of
large mixotrophic ciliates. These organisms exhibit different features that allow them to colonize either the epilimnion (Stentor
araucanus) or the metalimnion (Ophrydium naumanni). S. araucanus is a dark pigmented (stentorin) species resistant to
ultraviolet radiation and needs high light supply to maintain endosymbiotic algal photosynthesis. In contrast, O. naumanni
dominates the phothosynthetic biomass in the deep chlorophyll maxima (metalimnion) of these lakes, being photosynthetically
efficient at low light intensities but susceptible to photoinhibition at epilimnetic light irradiances. Analysis of food vacuoles
revealed a weak niche overlap, however light climate, shaped by temporal or spatial variations in thermocline depth, resulted
in a key factor modulating the relative success of these mixotrophic ciliate species. Overall, these species are stoichiometrical-
ly, carbon to nutrients, more balanced than the bulk seston, but the mechanisms by which each species regulates the elemental
balance differ. O. naumanni increases bacterivory with light, thus increasing phosphorus uptake, while S. araucanus regulates
carbon fixation. The low carbon:nutrient ratio of these organisms would represent a very good food source for zooplankton.
Finally, we pointed out that different effects of local and global changes will affect negatively the particular ciliate assemblage
of North-Patagonian Andean lakes.
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RESUMEN
Ciliados mixotréficos en lagos andinos norpatagonicos: balances estequiométricos en ambientes limitados por nutrientes

Los lagos andinos nord-patagonicos son ultraoligotréficos, muy transparentes y poseen una red trofica microbiana particular,
con la presencia de grandes ciliados mixotrodficos. Estos organismos exhiben diferentes caracteristicas que les permiten
colonizar el epilimnion (Stentor araucanus) o e/ metalimnion (Ophrydium naumanni). S. araucanus es una especie pigmentada
oscura (stentorina) resistente a la radiacion ultravioleta y que necesita un alto suministro de luz para mantener la fotosintesis
de sus algas endosimbioticas. En contraste, O. naumanni domina la biomasa fotosintética en los niveles de clorofila maxima
profunda (metalimnion) de estos lagos, siendo fotosintéticamente eficiente a bajas intensidades de luz, pero susceptible a la
fotoinhibicion en el epilimnion. El andlisis de las vacuolas alimentarias revelé una baja superposicion de nichos, sin embargo,
el clima dptico, modulado por variaciones temporales o espaciales en la profundidad de la termoclina, resulto un factor clave
para la alternancia de estas dos especies. En general, estas especies son estequiométricas mas balanceadas (carbono:nutrien-
tes) que el seston, pero los mecanismos por los cuales cada especie regula el equilibrio elemental difieren. O. naumanni
aumenta la bacterivoria con la luz, lo que aumenta la incorporacion de fosforo, mientras que S. araucanus regula la fijacion
de carbono. La baja proporcion de carbono: nutrientes de estos organismos representa una muy buena fuente de alimento para
el zooplancton. Finalmente, sefialamos que los diferentes efectos de cambios locales y globales afectaran negativamente esta
particular biota de ciliados mixotrofos de los lagos andinos del norte de la Patagonia.

Palabras clave: mixotrofia, restricciones estequiométricas, transparencia



264
INTRODUCTION

Mixotrophy is a nutrition mode that combines
both phototrophy and phagotrophy to support
growth (Jones, 1997; Stoecker, 1998). The com-
bination of photosynthetic and organic carbon
ingestion is very common among protists; thus,
this strategy is widely distributed in the eukaryot-
ic tree of life (Stoecker et al., 2009). Photosyn-
thetic capability includes the maintenance of
phototrophic structures (organelles or whole
cells) inside their cytoplasm (Putt, 1990; Perriss
et al., 1994) and in particular, ciliates acquired
phototrophy by a transient or permanent associa-
tion between host and symbiont or preyed orga-
nelles (Stoecker et al., 2009). Positive photosyn-
thetic rates were observed both, when ciliates
sequester chloroplasts from ingested prey or
when photosynthetic cells act as endosymbionts
(Reisser et al., 1985; Stoecker & Silver, 1987;
Perriss et al., 1994). Genetic analyses of the
endosymbionts of freshwater ciliates have
revealed that these algae belong mainly to the
chlorophyte lineage (mostly species of the genus
Chlorella) (Summerer et al., 2008). Independent-
ly of the strategy of photosynthesis acquisition,
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mixotrophic ciliates may represent an important
fraction of autotrophic plankton communities
(Laybourn-Parry et al., 1997; Modenutti et al.,
2000; Macek et al., 2001; Woelfl & Geller, 2002).

In Andean-Patagonian transparent and
oligotrophic lakes, the presence of an important
assemblage of mixotrophic ciliates has been
reported (Foissner & Woelfl, 1994; Modenutti,
1997; Modenutti et al., 2000; Woelfl & Geller,
2002). In particular, a permanent mixotrophic
association has been recorded in ciliates such as
the peritrich Ophrydium naumanni and the heter-
otrich Stentor araucanus (Modenutti, 1997)
(Fig.1). These organisms contain photosynthetic
endosymbionts (Chlorella sp.) that are capable of
replication within the host cell and, when ciliate
reproduction takes place, they are distributed into
the daughter cells so that successive protist gener-
ations are already paired with endosymbionts
(Modenutti, 2014). Since mixotrophy requires
investment in both photosynthetic and hetero-
trophic cellular apparatus, the benefits must
outweigh these costs (Tittel et al., 2003). Thus,
the presence of these mixotrophic ciliates
suggests that this is a successful strategy under
conditions of abundant light and nutrient limita-

Figure 1. Microphotograph of the mixotrophic ciliates Stentor araucanus (A) and Ophyrdium naumanni (B) under direct microscope
and O. naumanni (C) under epifluorescent microscope (blue light) showing endosymbiots (Chlorella sp. in red) and prey (picocyano-
bacteria in yellow). Microfotografia de los ciliados mixotroficos Stentor araucanus (4) y Ophyrdium naumanni (B) ajo microscopio
directo y O. naumanni (C) bajo microscopio de epifluorescencia (luz azul) mostrando células endosimbiontes (Chlorella sp. en rojo)

y presas (picocianobacterias en amarillo).
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tion as are the features of North-Patagonian
Andean lakes of Argentina (Modenutti et al.,
2013a). In lake ecosystems, high sestonic
Carbon: Phosphorus (C:P) ratios are associated
with high light: phosphorus ratios (Sterner et al.,
1997). Under high light intensities and low levels
of inorganic P, phytoplankton nutrient limitation
becomes more severe, resulting in a biomass with
a disproportionate accumulation of C relative to P
(Elser & Hassett, 1994; Hessen et al., 2002). In
this sense, “ecological stoichiometry” has been
applied to describe the role of multiple chemical
elements in controlling trophic processes (Sterner
& Elser, 2002; Andersen et al., 2004). Thus,
herbivore consumers living in transparent lakes
would be constrained by poor stoichiometric food
quality. However, since mixotrophic ciliates
combine phagotrophy and phototrophy their
C:nutrient ratio can be balanced through these
two nutritional modes (Flynn & Mitra, 2009;
Mitra et al., 2016). Here, we will analyze two
alternative strategies to colonize the water
column by two mixotrophic ciliate species (O.
naumanni and S. araucanus) with the final
outcome of a balanced stoichiometry. Finally, we
will discuss the possible anthropogenic and
global effect on these lakes that may affect these
two mixotrophic species.

The lakes and the mixotrophic ciliates

Large and deep lakes in North-Patagonian Andes
of Argentina are located in South America around
41 °S (Fig. 2). They conform an extended lake
district from glacial origin shared with Chile and
named Araucanian lakes (Thomasson, 1963).
Lakes of Argentina are very deep (up to 464 m in
Lake Nahuel Huapi) and are located at 750 m
a.s.l. The lakes are cold-temperate monomictic
with a stratification during spring-summer
(Baigiin & Marinone, 1995).

These lakes are very transparent environments
with extended euphotic zones (up to 50 m) that
include the epilimnion, the metalimnion and part
of the hypolimnion (Fig. 3). Nutrient concentra-
tion is low, less than 5 pg/L and 100 pg/L of TP
and TN, respectively, and these concentrations are
evenly distributed along the water column (Corno
et al., 2009). The same pattern was observed for
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Figure 2. Map of the North Patagonian Andean lake area of
Argentina. Numbers indicate most distinctive lakes studied: 1
Nahuel Huapi, 2 Moreno, 3 Gutiérrez, 4 Mascardi Tronador arm, 5
Mascardi Catedral arm, 6 Guillelmo, 7 Correntoso and 8 Espejo.
Mapa de los lagos Andinos Norpatagonicos de Argentina. Los
numeros indican los principales lagos estudiados. 1 Nahuel
Huapi, 2 Moreno, 3 Gutiérrez, 4 Mascardi Tronador arm, 5
Mascardi Catedral arm, 6 Guillelmo, 7 Correntoso and 8 Espejo.

the dissolved organic carbon (DOC) (less than 0.5
mg/L) (Morris et al, 1995; Modenutti et al.,
2013a). This condition causes that the potentially
hazardous ultraviolet radiation (UVR) affects an
extended portion of the euphotic zone because of
the high penetration of the short wavelengths
(UVR-A and UVR-B) (Fig. 3). In addition, and
also due to the low DOC concentration (low
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Figure 3. Light, temperature and Chlorophyll a vertical profile in deep north Patagonian lakes of Argentina. (A) Light (PAR, and four
bands of UVR) and temperature vertical profiles in a typical north Patagonian deep lake of Argentina. (B) Vertical profiles of specific
colours, showing the predominance of blue-green light in the metalimnion, and Chlorophyll a vertical profiles showing the presence
of a deep chlorophyll maxima (DCM) at the metalimnion. Perfiles verticales de luz, temperatura y clorofila a de lagos profundos
norpatagonicos de Argentina. (A) Perfiles verticales de temperatura y de luz fotosintéticamente activa (PAR) y cuatro bandas de
radiacion ultravioleta (UVR). (B) Perfiles verticales de colores especificos mostrando la predominancia de azul y verde en el metalim-
nion, y un perfil vertical de clorofila a mostrando la existencia de un maximo profundo de clorofila (DCM) en el metalimnion.

chromophoric dissolved organic matter), optical
quality of the lakes is characterized by a relative
rapid attenuation of red light while blue and green
light penetrate deeper (Pérez et al., 2002) (Fig. 3).
Thus, these environments have been defined as
high light/low nutrient environments (Balseiro et
al., 2004). Among the peculiarities of their biota,
the peritrich O. naumanni and the heterotrich S.
araucanus, both with stable association with
endosymbiotic algae, have been recorded since
the early studies of Thomasson (1963). Further
studies have indicated that these ciliate species are
restricted to the more transparent and deeper lakes
of the area (Modenutti, 1997).

Under high light scenarios including UVR, a
strong photoinhibition effect can occur (Lesser,
1996; Falkowski & Raven, 2007). As expected, in
the upper 10 m layer of the water column (Fig. 3)
there is a strong photoinhibition for autotrophs
(Villafafie et al., 2004) that causes low photosyn-
thetic efficiency (Callieri ef al., 2007). In addition,
due to the UVR effect, plankton avoid upper
layers during daytime (Alonso ef al., 2004; Balsei-
ro et al., 2007; Modenutti et al., 2018) with the
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exception of the pigmented ciliate S. araucanus
(Modenutti ef al., 1998; Modenutti et al., 2005).
However, as a counterpart, light is not limiting for
autotrophs at least up to ~30—40 m of the water
column, and implies the development of deep
chlorophyll maxima (DCM) located mainly in the
metalimnion (Modenutti et al., 2013a). Accord-
ingly, the highest photosynthetic efficiency was
observed near the 1% of surface PAR (photosyn-
thetically active radiation) (Callieri et al., 2007).
These DCM are constituted by endosymbiotic
algae of O. naumanni (Queimalifios et al., 1999),
picocyanobacteria (Callieri et al., 2007), dinoflag-
ellates and nanoflagellates (Modenutti et al.,
2013a). Interestingly, predator and prey (O.
naumanni and picocyanobacteria) coexist at this
level (Modenutti & Balseiro, 2002).

Light protection or surface avoidance

To cope with scenarios of extremely high epilim-
netic irradiances in these Andean lakes,
mixotrophic ciliates exhibit two different strate-
gies: a strong photoprotection (Modenutti ef al.,
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2005) or the avoidance of the upper levels of the
water column (Modenutti et al, 2004). The
highly illuminated epilimnetic layers include
both PAR and UVR wavelengths, and the net
effect on the phytoplankton community at these
upper levels is a strong photoinhibition with DNA
damage and very low phytoplanktonic biomass
(Villafaiie et al., 2004). Nevertheless, these upper
levels of the water column are colonized by the
mixotrophic ciliate S. araucanus (Woelfl &
Geller, 2002) that presents an extremely high
resistance to UVR (Modenutti et al., 1998). This
resistance was attributed to the presence of
subcortical dark pigmented granules (with
stentorin) (Modenutti et al., 1998; Modenutti et
al., 2005) and mycosporin-like aminoacids
(Tartarotti et al., 2004). Thus, photoprotection
seems to be a predominant strategy in this epilim-
netic species.

However, since the metalimnion is included in
the euphotic zone autotrophs can avoid the upper
levels of the water column developing DCM.
Metalimnetic DCM colonization by phototrophic
organisms represents a trade-off between higher
survival and lower cell-specific primary produc-
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tion (Modenutti et al., 2004). In particular, 40-80
% of Chl a concentration at the DCM was
observed to be composed by endosymbiotic
Chlorella of the ciliate O. naumanni (Queimal-
inos et al., 1999). This important contribution can
be also associated with the raise of Chl b in Chlo-
rella that allow to profit from the prevailing green
and blue wavelengths (< 500 nm) at the DCM
(Pérez et al., 2002; Pérez et al., 2007) (Fig. 3).

Living at the edge and stoichiometric balances:
high vs low irradiance

Purely phototrophic organisms tend to increase in
C content and thus in C: nutrient ratio as light
increases (Sterner et al, 1997); however,
mixotrophs compensate for increased C fixation
by phagotrophy to obtain N and P (Jones, 2000;
Modenutti & Balseiro, 2002). Mixotrophic
ciliates combine phagotrophy and phototrophy in
the same organism and the combination of these
nutritional modes imply a more balanced stoichi-
ometric composition (Flynn & Mitra, 2009).
Also, this combined nutrition seems to confer
important ecological advantages as it provides
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Figure 4. Bacterivory of Ophyrdium naumanni in a light gradient (black dots and dashed lines) and Net Primary Production (NPP) of Ophiry-
dium naumanni cultured with (dark bars) and without (light grey bars) P enriched bacteria. Error bars are 1 s.e. Bacterivoria de Ophyrdium
naumanni en un gradiente de luz (puntos negros y linea de guiones) y Produccion Primaria Neta (NPP) de Ophrydium naumanni cultiva-
dos con (barras oscuras) y sin (barras claras) bacterias enriquecidas en P. Las barras de error indican 1 error estandar.
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greater flexibility in the planktonic environment
(Stoecker et al., 2009).

While the sestonic C:P ratio (atomic) of deep
North-Patagonian Andean lakes range from 340
to 1200 (Balseiro et al., 2007), the C:P ratio of S.
araucanus and O. naumanni is significantly
lower (170 + 27, mean + S.E.) (Modenutti et al.,
2018). This balanced C:P ratio represents a
noticeably increase in P content relative to the
bulk lake seston. Thus, mixotrophic ciliates show
a rather strict stoichiometric homeostasis, mean-
ing that, from a stoichiometric perspective, these
species would be a good food source in systems
with low food quality (Modenutti ef al., 2018).

Mixotrophic ciliate stoichiometric balance
may not be the pure result of light-nutrient ratio
of the lake because their elemental ratio results of
the interactions between photosynthesis and prey
consumption. This outcome was clear in the case
of O. naumanni conforming metalimnetic DCM
at 1 % of PAR. Combining field and laboratory
experiments (14C fixation and bacterivory experi-
ments) we determined that O. naumanni balances
photosynthesis and prey consumption (Modenutti
& Balseiro, 2002; Modenutti et al., 2004). At low
irradiance (1 % of surface PAR) C fixation and
bacterivory are both related with light availability
as O. naumanni ingests more bacteria as C
fixation increases (Fig. 4). Furthermore, if O.
naumanni is fed with P enriched bacteria (see
dark grey bars in Fig. 4) C fixation increases
when compared with non-enriched prey, at the
same light intensity (Fig.4). Summarizing, O.
naumanni at the DCM (metalimnion) balance C
fixation (autotrophic nutrition) with the P uptake
(phagotrophic nutrition).

However, the 14C fixation experiments carried
out with S. araucanus gave very different results.
As expected for a resistant UVR organism, at 0.3
m depth the net primary production (NPP) did not
decrease in the presence of UV-B wavelength
(similar values in quartz tubes vs. quartz tubes
wrapped with MylarTM) (Modenutti ez al., 2005).
Strikingly, we observed no trend in NPP with
light, since all conditions (static or moving incu-
bations) with light > 100 pmol m-2 s-1 had NPP >
1 ng C ind-! h-1 (Fig. 5). However, a significant
drop in NPP was observed when light was < 100
pumol m-2 s-1 (Fig. 5) and this limit is far from the
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Figure 5. Net Primary Production of Stentor araucanus in fixed
and moving incubations, protected or not from UVR. Vertical
dashed line indicates100 pmol photon m-2 s-1, and horizontal
dotted lines a NPP of 1 ng C St-1 h-1. Note the drop in NPP when
light is below 100 pmol photon m-2 s-1. Produccién Primaria
Neta (NPP) de Stentor araucanus en incubaciones fijas y moviles
protegidas o no de la radiacion UV. La linea de guiones vertical
indica 100 umol fotones m=2 s~1 y la linea de puntos horizontal
muestra NPP de I ng C St-1 h-1. Nétese la brusca caida en NPP
cuando la luz es menor a 100 umol fotones m=2 s1.

zone where O. naumanni inhabits (~ 15 pmol m-2
s-1). In addition, the analysis of food vacuoles did
not show bacteria inside S. araucanus’ cell mean-
ing that at least for long summer periods photo-
synthesis of the endobiosymbiotic algae is the
main nutrition mode of this ciliate (Modenutti et
al., 2008). The presence of these dark granules act
as a light umbrella for the endosymbiotic algae,
since stentorin absorbs PAR mainly between 400
and 600 nm (Moller, 1962; Modenutti et al.,
2005). In this sense, the irradiance below 100
umol photons m-2 s-1 appeared to be insufficient
to allow endosymbiotic algae to produce (C
fixation) under such a dark pigmented umbrella.
Consequently, granules have a shading effect and
black ciliates such as S. araucanus may be able to
regulate internal light intensity for endosymbiotic
algae and thus, elemental balance in this ciliate
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would be achieved by regulating internal light and
not by phagotrophy.

Independently of the stoichiometric strategy
involved, the overall seston C:P ratio in a lake
with strong influence of such mixotrophs would
be lower than that of purely phototrophic organ-
isms (Modenutti et al, 2018). Given that
zooplankton predators are constrained by the
elemental content of their prey (Laspoumaderes
et al., 2015), the stoichiometric balance of
mixotrophs may be a key factor affecting the
stoichiometry of predator—prey relationships.
This was the case of the cyclopoid copepod
Mesocyclops araucanus that feeds upon S. arau-
canus (Kamjunke et al., 2012) at the epilimnion
during night (Modenutti et al., 2018). In this
relationship it is also important the presence of
the pigment stentorin that cause an increase in the
oxidative stress of the organisms who prey upon
S. araucanus. Under these circumstances, M.
araucanus would be exposed to an increase in
visible light stress that drives a diel vertical
migration with a deeper distribution (1.5 fold
deeper than other microcrustaceans, Daphnia and
Boeckella) during day (Modenutti ef al., 2018).

The future

Lakes act as early sentinels to environmental
changes (Williamson et al., 2008). In particular,
the decline in biodiversity of freshwater biota is
higher than for terrestrial or marine organisms
(Jenkins & Boulton, 2003). Thus, it would be
crucial to understand the causes and consequences
of the loss of biodiversity caused by changes in
aquatic ecosystems (Williamson et al., 2008). In
this sense, it would be necessary to develop appli-
cations of ecological and evolutionary knowledge
for addressing environmental problems (Suther-
land et al., 2009). At present, this mixotrophic
biota is threated by local and global changes that
may affect negatively the particular ciliate assem-
blage of North-Patagonian Andean lakes.

These glacial deep lakes can be considered as
sensitive environments to global change. Patago-
nia is under the influence of the Antarctic ozone
"hole" receiving occasionally enhanced levels of
ultraviolet B radiation (UVR-B, 280-315 nm)
(Villafane et al., 2001). This condition would
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cause a number of detrimental effects in aquatic
organisms (Zagarese & Williamson, 1994;
Helbling & Zagarese, 2003). In this sense,
pigmented members of the genus Stentor (i.e. S.
araucanus and S. amethystinus) would be favored
because of their high resistance to UVR (Mode-
nutti et al., 1998; Tartarotti et al., 2004). Interan-
nual variations in the thermocline depth due to
wind will also cause changes in the mean light
intensity of the epilimnion and would affect the
coexistence of S. araucanus and O. naumanni
(Modenutti et al., 2008) shifting the ratio of these
two species, towards S. araucanus if wind
decreases or favoring O. naumanni if wind
becomes stronger.

Glaciers are retreating as a consequence of
climate change almost everywhere around the
world — including in the Alps, Himalayas,
Andes, Rockies, Alaska and Africa (Zemp et al.,
2015). In Patagonia, there are clear examples of
glacial retraction in the Mount Tronador ice cap
(Worni et al., 2012; Ruiz ef al., 2015). This situa-
tion affects the lakes that receive water from the
glaciers, i.e. Lake Mascardi. This lake has two
arms (Catedral and Tronador) that can be consid-
ered separate lakes since the two arms differ in
their hydrology because of three headwater
glaciers (Manso, Castaiio Overo and Alerce
glaciers) that drain only into Mascardi Tronador
arm (Modenutti et al., 2013a). Planktonic organ-
isms (i.e. picocyanobacteria) were observed to be
sensitive to changes in glacial clay inputs that
cause, in turn, a decrease in light (Hylander et al.,
2011; Bastidas Navarro ef al., 2018). Mixotrophic
ciliates are absent in lake sectors that receives
glacial clay (i.e. Lake Mascardi Tronador Arm)
probably because clay particles interfere with
feeding, although populations remain in the areas
without such input (i.e. Lake Mascardi Catedral
Arm). Another negative effect of suspended parti-
cles on this biota was due to volcanic eruptions
that produced sudden catastrophic effects. North-
ern Patagonia is an active volcanic region with
historically high eruption frequency (Inbar et al.,
1995). The Puyehue-Cordon Caulle Volcanic
Complex (40.59° S - 72.11° W, 2200 m a.s.l.)
erupted explosively on 4th June 2011. The volca-
no produced 1.46 km3 of rhyolitic volcanic mate-
rial (Silva Parejas et al., 2012), a similar amount
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to that erupted by Mount St. Helens in 1980. The
lakes in the area were covered by this material
affecting nutrient inputs and light conditions
(Modenutti et al., 2013b). Under these conditions,
mixotrophic ciliate disappeared and the microbial
food web changed towards a more autotrophic one
(diatoms and phytoflagellates), probably due to
the interference by the volcanic ash and the
improvement in light conditions (i.e. reduced
photoinhibition) (Modenutti et al., 2013b).

The main cause of the loss of biodiversity can
be attributed to the local influence of human
activities on different ecosystems. In fact, human
activities have deeply altered lacustrine environ-
ments, through the modifications of landscapes,
direct exploitation of species or by affecting
biogeochemical cycles. Alteration and loss of the
habitats is the transformation of the natural areas
by different human activities. In the area there is
an example of how this situation will affect ciliate
biota. The small, closed basin of Lake Morenito
(4188, 718W; 764 m a.s.l.; 0.82 km2;12 m maxi-
mum depth) is located 20 km west from the city
of Bariloche and until 1960 this lake was a bay of
Lake Moreno West (Modenutti et al., 2000). At
that time a road was constructed, separating this
bay and creating the new Lake Morenito. In the
new lake a littoral zone where Schoenoplectus
californicus increased its relative importance and
the water exchange with the main basin was
deeply reduced. As a consequence dissolved
organic matter increased in the new lake in com-
parison with the original Lake Moreno (0.5 mg/L
in Lake Moreno vs 3 mg/L in Lake Morenito)
(Modenutti et al., 2000). This situation caused a
change in light climate of the new Lake Morenito
shifting the blue-green under water climate of
Lake Moreno (Fig. 2) to a red predominance
(Pérez et al., 2002). These changes would be the
key factors for the absence of the two mixotroph-
ic ciliate species (rich in Chl b) (Modenutti et al.,
2000). Interestingly, the studies of short sediment
cores from Lake Morenito showed a change in the
chironomid assemblage in response to an increase
in trophic enrichment after the road was
constructed (Massaferro et al., 2005). Thus, biota
diversity can be severely affected by this kind of
change in landscape and basin.

Summarizing, these final considerations
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imply that endemic elements, such as mixotroph-
ic ciliates, can disappear being replaced by other
species of more autotrophic metabolism. From an
ecosystem perspective, lake functioning will
result altered because of the replacement of the
links in the microbial food web. Thus, the loss of
this particular biota would drive changes in nutri-
ent recycling, in top down and bottom up effects
and in the major ecosystem services.
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