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ABSTRACT 
Particle fluxes were measured from 2000 to 2001 with 3 integrating open traps (O-traps) and a sequencing trap (S-trap) in the 

73-m deep, oligotrophic, high-mountain Estany (Lake) Redó (2240 m a.s.l.) over a period of 558 days. O-traps were deployed at 26, 
46, and 66 m water depth to measure overall sedimentation rates, while the S-trap was deployed at 66 m water depth to detect 
dynamics of seasonal particle fluxes with a resolution of 4 days (during ice break-up, summer, ice formation) to 21 days (during ice 
cover). Our results show a high degree of seasonal variability in particle dynamics. Total particle fluxes vary from almost zero to 
more than 600 mg m-2 d-1. The highest fluxes occur during short time windows after ice-break-up (minerogenic particles), during 
spring (planktonic biomass), and during fall overturn (chrysophycean cysts). Particle fluxes also differed markedly from year to year 
in absolute values (2000: 644 mg m-2 d-1, 2001: 370 mg m-2 d-1) as well as in average values (2000: 76 mg m-2 d-1, 2001: 44 mg m-2 
d-1). Annual and seasonal meteorological changes and events have a clear influence on the lake system and on the amount and 
composition of particles. C/N ratios during April and May increased significantly from 2000 (6-14) to 2001 (>28), reflecting the 
more intense soil erosion and transport of terrestrial plant remains into the lake caused by heavy precipitation in 2001. Air 
temperature strongly influences the timing of the occurrence of the main bio-productivity peak. Strong wind events shorten the period 
of ice cover. Our investigation shows that sediment trap studies lasting more than one limnological cycle are useful in studying the 
effects of short-term meteorological changes and weather events on high mountain lakes. However, long-term particle flux 
measurements would be necessary to determine amplitudes of natural seasonal cycles and for the interpretation of the decadal-scale 
environmental changes occurring in such lakes. 
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1. INTRODUCTION  

Predicting the frequency and amplitude of future 
climate changes, as well as supplying a precise answer 
to the question of how ecosystems might respond to 
these changes, are difficult problems to solve. The main 
reasons for this difficulty are, on the one hand, the 
inherent complexity and variability of nature, and, on 
the other hand, the influence of human activities, which 
is often strong enough to mask natural variability. 
Remote mountain lakes are often influenced by direct 
atmospheric deposition and by input from a generally 
small catchment area, and are not subject to significant 
influence from local human activities. In addition, 
global environmental changes tend to leave strongly 
amplified signals in high-elevation regions (Beniston et 
al. 1997). Remote mountain lakes are thus thought to be 
excellent sensors of past environmental changes, the 
signatures of which are archived in the lake sediment 
(Sturm et al. 2003). Moreover, many processes can 
affect the transfer of climatic and environmental signals, 
from the atmosphere and the catchment area, through 
the water column and into the sediment. Even regularly 
laminated sediments mask the heterogeneity of short-
term particle fluxes that may occur within a year. High-

resolution sediment trap studies can reveal this other-
wise lacking information. 

Sediment traps have been used widely in lakes since 
the 1950s (Bloesch & Burns 1980). A knowledge of the 
quantity and quality of sedimenting particles and of the 
timing of their formation is crucial a better understand-
ing of dynamic sedimentation processes and proxy cli-
mate data (Rathke et al. 1981; Sturm et al. 1982; 
Ohlendorf & Sturm 2001; Wehenmeyer & Bloesch 
2001; Müller et al. 2005; Rose & Monteith 2005). 
However, only automated, high-resolution sequencing 
traps can detect short-term flux events, caused by 
floodings, algal blooms, calcite precipitation etc. 
(Bloesch & Sturm 1986; Ryves et al. 2003; Sturm et al. 
2003).  

The geography, limnology and ecology of Estany 
Redó have been investigated since the 1980s. Snow and 
ice development during wintertime, as well as other 
physical properties, have been studied to examine the 
coupling of physical and biological processes (Catalan 
1988, 1989; Ventura et al. 2000). The lake came into 
the focus of biological studies because it is oligotrophic 
and remote, with little anthropogenic influence (Catalan 
& Camarero 1991; Catalan et al. 2002b). These authors 
investigated biological processes to detect their potential 
as proxy data for weather and climate variability. In 


