
BIO
G

EOO
CH

EM
ICAL WRestoration management in degraded fens and bogs W

ATER-M
AN

A

Restoration management in degraded fens and bogs

AG
EM

EN
T &

 A

Fons Smolders

A
PPLIED

 R
ESEEARCH

 O
N

 ECCO
SYSTEM

S

Institute for Wetland and Water Research
Radboud University Nijmegen, the Netherlands





Growth  of Sphagnum is often observed in minerotrophic fens where the top layer is 
acidified  
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Sphagnum spec. may form an Acrotelm

wet conditions

Lateral discharge

Sponge

•Increased retention of rain water
•Desiccation capitulae Hyaline cells 
become filled with air and show white 

decreased evaporation
coloration  increased albedo and lower 
temperatures

Sphagnum magellancium, Sphagnum papillosum, Sphagnum rubellump g g , p g p p , p g



Acidification of floating fens



Acidifying processes

- Accumulation of rainwater (dillution)

- Desiccation (oxidation)

Nitrification of ammonium:

(1)  NH4
+ + 2O2 NO3

- + 2H+ + H2O

Oxidation of reduced iron:

(2)  4Fe2+ + O2 + 6H2O 4FeOOH + 8H+

Oxidation of iron sulfide:Oxidation of iron sulfide:

(3)  4 FeS + 9 O2 + 6H2O 4FeOOH + 4SO4
2-+ 8H+

Oxidation of pyrite:Oxidation of pyrite:

(4)  4 FeS2 + 15 O2 + 20H2O 4FeOOH + 8SO4
2-+ 16H+
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If totalIf total--S/(totalS/(total--Ca+Mg) > 0.67: Ca+Mg) > 0.67: acidificationacidification



Treatments:

0 kg ha-1

1000 kg ha-1

2000 kg ha-1g
4000 kg ha-1 

Liming of acidfied floating fen in the ‘Nieuwkoopse plassen’
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The taming of the water level…The taming of the water level…

Water shortage in summer:
Is compensated by the inlet of alkaline sulphate rich river water



External eutrofication:External eutrofication:External eutrofication:External eutrofication:
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Electron acceptorsElectron acceptors
SO4, NO3, Fe(III)
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FeO(OH)-PFeSx Fe

S2S2- Rewetting of fens with and without sulphate
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stagnant + chloridestagnant + chloride stagnant + sulfatestagnant + sulfate
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Parapoynx stratiotataDolomedes fimbriatus

Aeshna viridisAeshna viridis

Zwarte stern 
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Root die-back due to 
sulphide toxicity, 
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deficient shoots   
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Stratiotes aloides

Littorella uniflora
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Shallow peat lake (Geerplas, the Netherlands)Shallow peat lake (Geerplas, the Netherlands)
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Nitrate immobilizes iron
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II: FensII: Fens

Wetland restoration !Wetland restoration !
Rewetting measures inRewetting measures inRewetting measures in Rewetting measures in 
Alder carr woods: high summer Alder carr woods: high summer 
levellevel

beforebefore
afterafter





R i d b  i  th  N th l dRaised bogs in the Netherlands
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The area covered by raised 
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These bog relics are often 
severely desiccated…….



Rewetting of cut-over bogs

L   f d l  i d t d  Large areas of deeply inundated, 
strongly humified peat with no 
growth of Sphagnum mosses
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Relationship between colour of the water layer  
d li ht i t it  t diff t d th
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and light intensity at different depths
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Submerged Sphagnum needs substrate derived CO2 
f  thfor growth
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Growth of S. cuspidatum at different light conditions 
and CO2 concentrations
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Growth of Sphagnum magellanicum at different CO2 concentrations

2000 µmol l-1 CO220 µmol l-1 CO2



Atmosphere

CO2 CH4

2 1
C incorporated WaterCO2 CH4in Sphagnum

Water

PeatAnaerobic decompositionAnaerobic decomposition
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Photosynthesis

Methane oxidation by methanotrophic bacteria
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25
)

Biogeoc

20

 m
-2

 d
-1

)

+ Sphagnum

chem
ical W

at

15(µ
m

ol

ter-m
anagem10is

si
on

 

m
ent &

 A
ppli5C

H 4
 e

m

ied R
esearch0

C

h on Ecosyste

0
0 100 200 300 400 500 600 700

1

em
sCH4 concentration acrotelm (µmol  l-1)



25

+ Sphagnum
20

m-2
 d

-1
) + Sphagnum

- Sphagnum

BIO
G

EO
CH

E

15(µ
m

ol
 EM

ICAL W
ATE

10

m
is

si
on

 ER-M
AN

AG
EM

5C
H 4

 e
m

M
EN

T &
 A

PPL

0

5 LIED
 R

ESEARC0
0 100 200 300 400 500 600 700

CH
 O

N
 ECO

SY

CH4 concentration acrotelm (µmol  l-1)

YSTEM
S



Spontaneous development of floating rafts
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Introduction of suitable substrates Introduction of suitable substrates 
with different amounts of lime added
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Black peat “Inundated”
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Inundation of desiccated sites with ‘white’ peat
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Conclusions
Introduction of 
species and 
compartimentation 
may be required

Redevelopment of Sphagnum carpet 
depends on abundance and establishment 
of Sphagnum spec. and fluctuations of 
water levels. 

Waterlogging/
Shallow inundation
(< 30 )

Growth of Sphagnum cuspidatum may 
result in floating raft formation only when 
coloration of the water is not to high and if

Black peat

(< 30 cm)

Introduction of 
species may be 

Floating raft formation may occur if adequate 
substrate becomes buoyant (depends on substrate 

coloration of the water is not to high and if 
inorganic carbon fluxes are sufficiently high

Deep inundation
(>> 30 cm)

required

Introduction of 
species may be y ( p

qualities).

Bog remnant

(>> 30 cm)

No development  of Sphagnum carpets due 
t it bl diti

required

Introduction of 
substrate and to unsuitable conditions species may be 
required

White peat/
acrotelm

Shallow
inundation

Swelling of peat surface Sphagnum 
species show a rapid horizontal 
expansion when conditions 
become wetter

Introduction of 
species may be 
requiredbecome wetter. 




