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……between 50 and 74 lagoons !!! 



The most interesting curiosity in the Sierra 
..... true suspended ponds in the 

mountains, at heights that are found 
nowhere else in Europe         

    
(Frank Pfendler, 1846) 
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Glacial origin of the lakes 

Fuente: Lagunas de Sierra Nevada (Castillo, 2009). 
 

Würm glacial age (ca 24,000-10,000 years) 

Slide by  Bullejos FJ 



Zygophyceae 

Fuentes: 
Morales-Baquero, 1992 (Limnetica) 
Estudio de las comunidades fitoplanctónicas... (Sánchez-Castillo, 1986) 

EXTREMELY LOW DIVERSITY (number sp.) 

Phytoplankton 



Low number of species 
Zooplankton communities....(Cruz-Pizarro et al., 1981) 

Rotifers... (Morales-Baquero, 1985) 

8 sps de cladóceros 

20 sps de rotíferos 

5 sps de copépodos 

One species comprises >95% biomass in lake La Caldera 

Villar-Argaiz et al., 2002 (Ecology) 

La Caldera, 1997 

Zooplankton 

http://cfb.unh.edu/cfbkey/html/Organisms/PRotifera/GKeratella/keratella_valga/keratellavalga.html


Then……Why study High Mountain lakes? 



Photo: Agencia EFE 

http://noticias.ya.com/fotos/200404/0310.htm


Why study High Mountain lakes? 

Minor human disturbance 

Remote sites 
Above tree line, small catchments 

High elevation 
Extreme abiotic conditions 

Low     TEMPERATURE 

Low      NUTRIENTS 

High      UV radiation 



Why study High Mountain lakes? 

Minor human disturbance 

Remote sites 
Above tree line 

High elevation 
Extreme abiotic conditions 

Temperature 

Low nutrient content 

SIMPLE COMMUNITIES 
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(Carrillo et al. 2002) 

Ultraviolet radiation 

Irradiance  (W m-2 nm-1) 
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. Linmol &Oceanogr ( 2002) 
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Up to 75% 
inhibition in 
PP by UV 
radiation !!!! 

(Carrillo et al. 2002) 



 
 Sensitive  

Oligotrophic 

Highly 
transparent 

Simple 
communities 

Global change “SENSORS” 

Temperature  

UV radiation 

Eutrophication 
(aerosol inputs) 

Acid rain 

Trophic alterations 



Interactive effects: Temperature stimulates PRIMARY 
PRODUCTION (PP) when nutrients (Phosphorus) is available 

Temperature 

Duran et al. (in review) 
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Low alcalinity systems are 

highly vulnerable to 

ACIDIFICATION because of 

their low carbonate and 

biocarbonate concentration.  

CO2: direct acidification effect 

• CO2 

• Acid rain (reference site in 

European projects ALPE, 
MOLAR) 
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CO2: food web indirect effect 

  -Nut                +Nut     -Nut               +Nut   

+ CO2 

Control (- CO2) 

(Villar-Argaiz et al. in review) 
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Photo: NASA 

Sierra Nevada 
Low latitude and High altitude 



(Shao et al. 2011 Aeolian Res.) 

Mediterranean Region 
Photo: NASA 



(Morales-Baquero et al. L&O 2006) 

Dry Wet 

Sensor 

Aerosol allocthonous inputs 



Satellite measurements 

Bullejos et al. 2010 (L&O) 



resources 

plants 
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Atmospheric  dust 
aerosols 

resources 

plants 

herbivores 
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Slide by  Bullejos FJ 



(Villar-Argaiz et al. 2012 L&O) 

Long term 
population 
dynamics 
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(Bullejos et al. 2012 L&O) 



resources 

plants 

herbivores 

(Bullejos et al. 2012 L&O) 



resources 

plants 

herbivores 

Tipping 
point 

(Bullejos et al. 2012 L&O) 



Control  

+P 
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+P 

+P 

Experimental approach  





(Carrillo et al. 2008 GCB) 



(Carrillo et al. 2008 GCB) 



Long term series and experimental studies 

(Carrillo et al. 2009 Proyectos investigación Parques Nacionales 2005-08) 



Long term series and experimental studies 

Living in a 
dustier 
world 

(Carrillo et al. 2009 Proyectos investigación Parques Nacionales 2005-08) 



…but also due to their 
high vulnerability and 

sensitivity are   

 

The lakes of S. Nevada 
are authentic relics 

that still survive 
hanging at an altitude 

of 3000 m 



1500 m 

2500 m 

2000 m 

...What’s next? 

Catchment 
area 

Integration Aquatic ecosystems 
3000 m 

Slide by  `Observatorio Cambio Global  SN´ 


