
• Chemical parameters correlate 
very poorly with the number of 
typical species, and except from 
pH-measurements the analyses are 
quite expensive.

• Structural and chemical 
parameters are with few exceptions 
very unstable from year to year.

• Indicators derived from species 
lists are all temporally stable, and 
some have high correlation with the 
number of typical species.  

• Species lists are more cost-
effective than analyses of water, 
soil and tissue chemistry.

Predicting Conservation status:

What is the best indicator?

Rich fens and alkaline springs depend on 

nutrient poor calcareous ground water, resulting 

in a relatively high pH (>5.5).  The vegetation is 

open, low and species-rich, in general with 

dominance of mosses and sedges.

The major threats to the habitat types are 

eutrophication, changed hydrology due to 

drainage and water abstraction and ceased 

grazing or mowing.

The habitats directive, water frame directive and 

ground water directive all emphasize ground 

water dependent terrestrial ecosystems, such as 

rich fens and alkaline fens. The common 

objective is a favourable conservation status or a 

good ecological condition.

The objective of this study was to investigate the 

cost-efficiency of potential indicators of 

conservation status in alkaline fens and springs 

derived from an ongoing national monitoring 

programme in Denmark. 

We investigated 11 indicators (Structural parameters, chemical parameters and biotic indexes) 

in order to predict conservation status of rich fens and alkaline springs. All parameters are part 

of or can be derived from the Danish National Monitoring Programme.

The value of the indicators was based on three criteria:

-Correlation with number of typical species present (Pearson correlation)

-Stability (Variation in repeated plots)

-Cost efficiency

Typical species: A typical species indicates favourable status in the habitat. We chose 50 

typical species for this study.

Data: 4174 records from the Danish National Monitoring Programme, characterized as either 

alkaline spring or rich fen. The records include information about plant species; 

Water/Soil/Tissue chemistry; Structural parameters.

Stability: % deviation of repeated records from the grand mean

Biotic indicators: Ellenberg values averaged over the species in the plots for nutrients (En), pH 

(Er), Light (El), moisture (Ef). Following that En depends naturally on Er we also developed and 

evaluated two indicators based on plot deviation in expected En from known Er.

Cost efficiency: The relative cost of measuring a parameter; time consumption and eventually 

cost of laboratory analysis. Making a species list is designated the value 1. 
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Indicators based on plant species lists and especially “Nutrient Ratio” are reliable and cost efficient in assessing conservation 

status in groundwater dependent habitats. The high potential of Nutrient Ratio as diagnostic tool in assessment of conservation 

status in alkaline fens and springs probably reflect that the major threat to these habitat types comes from eutrophication.

Cost-efficiency

Nutrient Ratio follows the pattern of typical species better than residuals from a linear 

regression; the lines of Nutrient Ratio are not as steep as the model lines and 

discriminates more effectively between plots with many typical species and plots with few 

– especially in the more alkaline and nutrient-rich plots.

Indicators and correlation with typical species

Results

Ellenberg Reaction
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Figure 1. The scatter plot 
shows the position of plots 
according to En and Er 
(average plot values). The 
contour lines show 
variation in residuals from 
a linear regression of En 
on Er (1a) and in nutrient 
ratio (En/Er) (1b).

Introduction Methods

Indicators based on deviations from expected Ellenberg N

1a

There seem to be a tendency in all relations between 

indicator and typical species: The plots with many typical 

species tend to share similar indicator values. But not all 

indicators manage to show significant correlations

1b

Cardamine amara Lychnis flos-cuculi Aneura pinguis

Carex dioica Menyanthes trifoliata Bryum pseudotriquetrum

Carex hostiana Montia fontana ssp. fontana Calliergonella cuspidata

Carex lepidocarpa Nasturtium microphyllum Campylium protensum

Carex nigra Nasturtium officinale Campylium stellatum

Carex pulicaris Parnassia palustris Cratoneuron filicinum

Carex viridula
Pedicularis palustris ssp. 
palustris Ctenidium molluscum

Dactylorhiza incarnata Pinguicula vulgaris Dicranum bonjeanii

Eleocharis quinqueflora Potentilla erecta Fissidens adianthoides

Epipactis palustris Ranunculus flammula Limprichtia cossonii

Equisetum telmateia
Rumex acetosa ssp. acetosa 
var. hydrophilus Palustriella commutata

Eriophorum angustifolium Stellaria alsine Palustriella falcata

Hypericum tetrapterum Succisa pratensis Philonotis calcarea

Juncus articulatus Triglochin palustris Philonotis fontana

Juncus inflexus Valeriana dioica Sphagnum teres

Juncus subnodulosus Briza media Sphagnum warnstorfii

Liparis loeselii Tomentypnum nitens

Conclusions

List of typical species

Figure 2. The scatter 

plots show the 

position of the plots 

according to the 

number of typical 

species and the 

value of the indicator


