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Limiting factors in wet grassland restorationLimiting factors in wet grassland restoration

Abi ti t i tAbiotic constraints:

e g nutrient status pH hydrologye.g. nutrient status, pH, hydrology

Biotic constraints:Biotic constraints:

• depleted seed bank of restoration sites• depleted seed bank of restoration sites

• limited dispersal in fragmented landscapeslimited dispersal in fragmented landscapes

• lack of regeneration niches (micro-site limitation)lack of regeneration niches (micro site limitation)

Poor resultsPoor results
even under favourable abiotic and management conditions



Lowering of productivityLowering of productivity

Depletion of nutrients by:

• Haymaking

• Topsoil removalTopsoil removal



Nutrient impoverishment by haymakingy y g
in wet meadows on sandy and organic soils

Peter SchwartzePeter Schwartze



Effects of restoration management in wet meadows
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Post hoc interpretation of ordination results

Ellenberg values C S R Strategy Types by Grime
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Yield in wet meadows over 20 years of haymaking
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Restoration by hay-making (sandy & organic soils)

• rapid decline of productivity depsite high N-deposition

• P und K limit productivity!

• decline of ruderals and nutrient demanding species

i f t t l t i ( d & h )• increase of stress-tolerant species (sedges & rushes)

• minor increase in species-richness• minor increase in species-richness

• very slow imigration of new target speciesy g g p



Restoration of flood-meadows on loamyRestoration of flood meadows on loamy 
calcareous soils by haymaking 
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P in standing crop
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N/P-ratio in standing crop
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Topsoil removalp
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Lowering productivity on loamy soils:

• relatively fast N-limitation in ex-arable fields

• raised P-levels even after long-term nutrient depletion

• rapid reduction P-residuals only by topsoil removalrapid reduction P residuals only by topsoil removal

• effects of raised P-levels under N-limitation still uncleareffects of raised P levels under N limitation still unclear



Depleted seed and bud banks

limited proportion of target species with long-term 

i t t d b kpersistent seed banks

id d l ti f i t t d d b d b k ftrapid depletion of persistent seed and bud banks after 

arable cultivation and extended periods of intensive 

grassland management

significant contribution to restoration is confined to 

- sites with short history of use-intensificationy

- fallows after re-introduction of management



Limited seed dispersalp

low capacity in many target species for seed dispersal overlow capacity in many target species for seed dispersal over 

larger distances or mainly vegetative spread

lack of viable source populations in close proximity to 

t ti it d t h bit t f t tirestoration sites due to habitat fragmentation

loss of traditional agricultural dispersal vectors such asloss of traditional agricultural dispersal vectors such as 

- haymaking

ft th t ith i li t k- aftermath pasture with moving livestock

- spreading of solid manure from cattle fed with hay

- sowing of hay residuals

ll l i ibilit f l d dgenerally low invasibility of closed swards
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Dispersal distance of target species after ca. 10 years
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Transfer of species to restoration sites



Source stand (species-rich Cnidion meadow)( p )



Harvesting of species-rich source standsg p



Transfer of seed-containing plant materialg p



After transfer 1997



7 years after tranfery



Development of different species groups afterDevelopment of different species groups after 

transfer of seed-containing plant material
n = 80 plots 
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Transferred target species: 

Arabis nemorensis

Gentiana pneumonanthe

Iris spuriaViola elatior



Former arable fields



Spreading of seed-containing plant materialp g g p



Diaspore transfer with hay balesp y



Disturbance of closed swards



Spreading of seed-containing plant material (grassland)p g g p (g )
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Weed aspect 1 year after seed transferp y



Meadow aspect 4 years after seed transferp y



Establishment success in ex-arable fields and grasslandsEstablishment success in ex arable fields and grasslands

Donath et al. 2007, Biol Conserv



Sward disturbance facilitates recruitment in grasslandsg
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Going home messages

ith t i i t d ti t ti ft•without species introduction restoration measures are often
frustratingly unsuccessful!

• species transfer is the only way to overcome dispersal limitation
i f t d l d !in fragmented landscapes!

• restoration of species-rich communities by the spreading of plant,
raking and topsoil material from species-rich source stands is

tl f l!mostly very successful!

• trajectories of vegetation succession are determined by
environmental filters (moisture, nutrient availability)



Preconditions

it bl bi ti it diti• suitable abiotic site conditions  

• high quality of  transferred plant, raking or soil materialg q y p , g
in terms of seed density and species composition 

l titi b t bli h d t ti i l t• low competition by established vegetation in early stages
of succession

• heavy disturbances or even removal of the topsoil can be essential

d t t i i l f th i t f• adequate management is crucial for the maintenance of
newly restored species-rich communities
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