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ABSTRACT 
Eighteen small shallow lakes located in the Northern Patagonian Lake District, in southern South America, were sampled in 

2001 and analysed for the main chemical variables (pH, conductivity, alkalinity, major ions and nutrients). The study lakes span a 
wide geographical and altitudinal range and belong partly to the Pacific and partly to the Atlantic watershed. The main aim of this 
study was to investigate the relationships between water chemistry and physical/geographical properties of these lakes. Secondly, the 
nitrogen content of the lakes was considered in detail, and results compared to those obtained in previous studies carried out in other 
remote areas of the globe (the Central Southern Alps in Italy, the Sierra da Estrela region in Portugal, the Svalbard Islands in the 
Arctic, the Khumbu-Himal region in Nepal, and the Terra Nova Bay area in Antarctica). In the Alps, lakes are characterised by 
markedly high nitrogen concentrations, manly as nitrate, due to the high inputs of nitrogen compounds from downwind sources like 
the Po Plain in Northern Italy. Conversely, lakes at remote locations such as the Andes, Antarctica and Himalaya are characterised 
by a low nitrogen content, mainly as organic nitrogen. This status is related to the limited atmospheric inputs of nitrogen affecting 
these regions. 
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1. INTRODUCTION 

Atmospheric pollution and anthropogenic activities 
in general can alter the cycles of natural elements in 
both terrestrial and aquatic ecosystems. In particular, the 
deposition of atmospheric pollutants such as acidifying 
compounds, organic pollutants and heavy metals may 
affect also areas located distant from the main emission 
sources. Remote lakes, defined as those at high altitude 
in mountain areas or at high latitude in the Arctic 
regions, by virtue of their distance from any human 
activities, are generally considered to be pristine 
systems. Nevertheless, they have proved to be affected 
by long-range atmospheric pollution (e.g., Rose 1995; 
Carrera et al. 2002; Heit et al. 2004) and by the effect of 
climate change (Battarbee et al. 2002; Catalan et al. 
2002; Smol et al. 2005). Hence, remote lakes are 
considered "early response" indicators of climate 
change, atmospheric deposition and air pollutants. 
Consequently, a number of studies on remote lakes in 
different regions of the globe have been performed with 
the aim to describe their water chemistry and biota (e.g., 
Macek et al. 2006; Llames & Vinocur 2007; Diaz et al. 
2007; Kumke et al. 2007), and to evaluate their 
sensitiveness towards anthropogenic stressors like water 
exploitation, land use change, tourism and recreational 
use (Mc Garrigle & Champ 1999), pollutant deposition 
(Allan 1999; Wolfe et al. 2001), and, more recently, 
climate change (Filippelli et al. 2006; Sommaruga 
2007).  

Long-term monitoring programmes about the effects 
of atmospheric pollution, for instance, showed how the 
water chemistry of remote lakes in mountain regions of 
both Europe and North America is affected by the 
deposition of long-range transported nitrogen (N) 
compounds. As an example, lakes in the Southern 
Central Alps of Europe are characterised by high N 
concentration, mainly nitric N (Psenner et al. 2000; 
Curtis et al. 2005), due to the high level of N deposition 
(between 15 and 25 kg N ha-1 y-1). Also in the Colorado 
Front Range, in North America, even moderate N 
deposition (3-5 kg N ha-1 y-1) induced recent increases 
in surface water NO3 concentrations and rapid 
ecological changes in alpine lakes (Baron & Caine 
2000; Wolfe et al. 2001). On the other hand, nitrate 
(NO3) concentrations are usually below the detection 
limit in lakes and streams subject to low N input (<1 kg 
N ha-1 y-1) and organic nitrogen (ON) accounts for a 
substantial proportion of the total nitrogen (TN) content 
(Hedin et al. 1995; Kaushal & Lewis 2003). 

In this paper we focused on the Northern Patagonian 
Lake District, in southern South America, showing the 
results of a sampling campaign performed in 2001 on 18 
shallow lakes spanning a wide geographical and 
altitudinal range. Some of these lakes have been already 
sampled and analysed for the main chemical variables in 
previous studies (Pedrozo et al. 1993; Soto et al. 1994; 
Pedrozo & Chillrud 1998; Zagarese et al. 2000), but 
here only new data are shown.  


