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ABSTRACT 
Spring water reflects the hydrochemistry of the aquifer in the associated catchments. On dense siliceous bedrock, the near-

surface groundwater flow is expected to be closely related to the biogeochemical processes of forest ecosystems, where the impact of 
land use is also low. We hypothesize that the plant species composition of springs mainly reflects hydrochemical conditions. 
Therefore, springs may serve as indicator systems for biogeochemical processes in complex forest ecosystems. To test this 
hypothesis, we investigate the influence of spring water chemical properties, catchment traits, and spatial position on plant species 
composition for 73 springs in forested catchments in central Germany, using non-metric multidimensional scaling (NMDS), Mantel 
tests, and path analyses. Partial Mantel tests and path analyses reveal that vegetation is more greatly influenced by spring water 
chemistry than by catchment traits. Consequently, the catchment's influence on vegetation is effective in an indirect way, via spring 
water. When considering spatial aspects (in particular altitude) in addition, the explanatory power of catchment traits for spring 
water properties is reduced almost to zero. As vegetation shows the highest correlation with the acidity gradient, we assume that 
altitude acts as a sum parameter that incorporates various acidifying processes in the catchment. These processes are particularly 
related to altitude – through bedrock, climatic parameters and forest vegetation. The species composition of undisturbed springs is 
very sensitive in reflecting such conditions and may serve as an integrative tool for detecting complex ecological processes. 
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1. INTRODUCTION 

Springs are remarkably different from other habitats. 
Odum (1971) summarized this fact when he wrote:  

 

"Springs are the aquatic ecologist's natural con-
stant temperature laboratory. Because of the 
relative constancy of the chemical composition, 
velocity of water, and temperature, in compari-
son with lakes, rivers, marine environments, and 
terrestrial communities, springs hold a position 
of importance as study areas that is out of pro-
portion to their size and number". 
 

Most ecosystems of temperate Central Europe are 
strongly influenced, controlled or even determined by 
direct human impact such as intensive land use and fre-
quent disturbances related to mobility and urbanization. 
Communities with low turnover rates that are dominated 
by natural drivers of ecosystem functioning are rarely 
found. 

The subject of this study, springs in forest areas, 
represents an exception to the predominantly anthropo-
genic ecosystems of Europe. Land use options are neg-
ligible as a consequence of the permanently saturated 
moisture regime. In addition, human interest is low due 
to the small extent of spring sites. Warncke (1980) 
refers to them as islands in an ocean of cultivated land. 

In forested catchments in particular, they can be 
regarded as low dynamic semi-terrestrial ecosystems 
that reflect long-term ecological processes and the bio-
geochemical background of landscape compartments. 
On dense siliceous bedrock, water is transported mainly 
as interflow close to the surface in Pleistocene layers of 
solifluction (Kleber et al. 1998). In these landscapes, 
springs generally develop as helocrenic springs – a satu-
rated mire of small extent (with a mean of approx. 50 to 
100 m2) where water seeps out more or less continu-
ously from the ground. Discharge rates are usually low 
(<2.0 L s-1). Depending on the climate and the size of 
the catchment area, seasonal fluctuations are reflected 
by a certain variability of discharge. Water temperature, 
and therefore also surface-near air temperature, is 
equilibrated in these springs by the permanent energy 
supply by groundwater. Due to their ecological con-
stancy (as addressed by Odum 1971), springs provide a 
habitat for stenoecious species that cannot be found in 
the surrounding ecosystems. Despite their small size 
Heino et al. (2005) regard them as "key biotopes" 
because springs enhance the biodiversity of the terres-
trial landscape. 

The following aspects of Central European siliceous, 
helocrenic forest springs, make them an interesting 
subject of research: (1) They are small in size but the 
water quantity and quality reflects hydrological and 


