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Effects of Effects of reducedreduced versus versus oxidizedoxidized nitrogen nitrogen 
on wetland and aquatic vegetationon wetland and aquatic vegetation

•• wet grasslandswet grasslands
•• bogsbogs
•• fensfens

•• softwatersoftwater lakeslakes
•• estuariesestuaries
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Boxman et al. Forest Ecol. Manag. 2001 & unpublished
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De Graaf et al. Plant Ecol. 1998

wet grasslandswet grasslands



Lucassen et al. Plant Ecol. 2003

wet grasslandswet grasslands



Draved Mose, Denmark 1955 
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Draved Mose, Denmark 1995

Aaby 1994
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N-deposition NH4
+ pore water NH4

+ surface water
(kg N ha -1 yr -1) (µmol l -1) (µmol l -1)

Ireland
Clara bog 5.6 2 - 9 2 - 7
Sharavogue - 2 - 3 3 - 13

The Netherlands
Bargerveen 19.0 20 - 50 15 - 100
Haaksbergerveen 25.1 20 - 70 60 - 80
M ariapeel 25.7 30 - 220 95 - 300
Pikmeeuwenwater 19.0 70 - 90 25 - 70

Schouwenaars et al. 1997

bogsbogs



Lamers et al. Glob. Change Biol. 2000

bogsbogs
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bogsbogs



Cladonia portentosa
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bogsbogs

http://images.google.com/imgres?imgurl=http://liboupat2.free.fr/Lichens/cla_port.JPG&imgrefurl=http://liboupat2.free.fr/Lichens/cla-por.htm&h=323&w=482&sz=52&hl=en&start=5&tbnid=Vh0sOIBTWxyiaM:&tbnh=86&tbnw=129&prev=/images%3Fq%3Dcladonia%2Bportentosa%26svnum%3D10%26hl%3Den%26lr%3D


1998 1999

1977

fensfens



1998 1999

1977

fensfens

Boxman et al. 2000
Lucassen et al. Plant Soil 2005

Lucassen et al. Wetl. Ecol. Manag. 2005



fensfens

Lucassen et al. J. Veg. Sci 2006



1980 1992

Vital: 5.4 (2.5-6.3) 7.5 (5.7-8.2)

Non-vital: 19.2 (1.8-93.8) † 40.9 (6.5-74.6)

Smolders et al. Arch. Hydrobiol. 1996

fensfens

Stratiotes
aloides



Smolders et al. Aquat. Bot. 1996

Asparagine

Other free AA

Proteins

Stratiotes
aloides

fensfens



Boreal lake with granite soil Boreal lake with granite soil Atlantic lake with sandy soil Atlantic lake with sandy soil 

Softwater lakesSoftwater lakes



Lobelia dortmanna

Isoetes lacustrisIsoetes echinospera

Softwater lakesSoftwater lakes



Roelofs Aquat. Bot. 1983

Softwater lakesSoftwater lakes



Softwater lakesSoftwater lakes



restoration

Controlled inlet of alkaline groundwaterControlled inlet of alkaline groundwater

Removal of eutrophic sedimentRemoval of eutrophic sediment

Softwater lakesSoftwater lakes



Brouwer et al. Aquat. Bot. 2002

Softwater lakesSoftwater lakes



Bergvennen complex after restoration

Lobelia dortmanna 
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Softwater lakesSoftwater lakes



Many Scandinavian Many Scandinavian softwatersoftwater lakes were lakes were 
limed during 1980limed during 1980--2000 2000 
in order to prevent in order to prevent acidificationacidification resulting resulting 
from atmospheric S deposition from atmospheric S deposition 

Softwater lakesSoftwater lakes



Vegetation changesVegetation changes

Softwater lakesSoftwater lakes



Softwater lakesSoftwater lakes



Softwater lakesSoftwater lakes

Lucassen et al. Aquat. Bot. 1999
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EstuariesEstuaries
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Van der Heide et al. in prep.
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EstuariesEstuaries

Ruppia cirrhosa

NH4
+ / NH3 load

0 50 100 150 200 250

%
liv

e
tis

su
e

40

60

80

100

pH8 
pH9 

Van der Heide et al. in prep.

Zostera marina

NH4
+ / NH3 load

0 50 100 150 200 250

%
liv

e
tis

su
e

40

60

80

100

pH8 
pH9 

Zostera noltii

NH4
+ / NH3 load

0 50 100 150 200 250

%
liv

e
tis

su
e

0

20

40

60

80

100
pH8 
pH9 



Jan Jan RoelofsRoelofs
Radboud Radboud UniversityUniversity Nijmegen / Nijmegen / BB--WareWare Research Research CentreCentre

Conclusions:Conclusions:

•• NHNH44
++ (and NH(and NH33) toxicity throughout ecosystems) toxicity throughout ecosystems

•• general detoxification mechanismsgeneral detoxification mechanisms
•• NHNH44

+ + / NO/ NO33
-- ratio importantratio important

•• species shift and biodiversity lossspecies shift and biodiversity loss
•• impact depends on total N fluxes impact depends on total N fluxes andand the ratio the ratio 

between reduced and oxidized nitrogenbetween reduced and oxidized nitrogen

Effects of Effects of reducedreduced versus versus oxidizedoxidized nitrogen nitrogen 
on wetland and aquatic vegetationon wetland and aquatic vegetation


