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Restoration management in degraded fens and bogs
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peat-forming,
groundwater fed g;teen
wetlands. Fens differ

from bogs in that they ~ COVered by grasses,
are less acidic, have sedges, rushes and
higher nutrient levelsand  WHdflowers.

cansu pmrt a more Fens DFWMIE 1H11:I'Uﬂaﬂt
diverse plant and animal  benefits that include
community. They often  Preventing or reducing

i
Fex® E0GE = - _

_ the
risk of

floods and

improving water quality.
Plants like the showy lady
slipper orchid thrive in
fens.

SOURCE: LS. EPA, lim Amon, Wright State University
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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

S
He

wet conditions RESEARCH CENTRE .

-

Sponge

*[ncreased retention of rain water
*Desiccation capitulae - Hyaline cells
become filled with air and show white

coloration - increased albedo and lower
temperatures

Sphagnum magellancium, Sphagnum papillosum, Sphagnum rubellum



Acidification of floating fens
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@
Acidifying processes B ] .
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- Accumulation of rainwater (dillution)

- Desiccation (oxidation)
Nitrification of ammonium:
(1) NH,* + 20, > NO; + 2H* + H,O
Oxidation of reduced iron:
(2) 4Fe?*+ O, + 6H,0 > 4FeOOH + 8H*
Oxidation of iron sulfide:
(3) 4 FeS +9 0O, + 6H,0 > 4FeOOH + 4S0,2+ 8H*
Oxidation of pyrite:
(4) 4 FeS, +15 0O, + 20H,0 > 4FeOOH + 850,%+ 16H*



S Buffering processes
basisch 8 (bi)Carbonaatbuffertraject .
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wakzuur 5 | Calciumbuffertraject
4 —
Zuur Aluminiumbuffertraject
3 _
ey | 1Jzerbuffertraject
(2) CaCO, + 2 H* = Ca?* + CO, + H,0
(3) CaMg(CO,), + 4 H* = Ca?* + Mg?* + 2 CO, + 2 H,0
pH
9 _
basisch 8 I (bi)Carbonaatbuffertraject
7
6 _
zwakzur 5 | Calciumbuffertraject
4 —
ZUL Aluminiumbuffertraject
3 I
iJzerbufiertraject
zeer zuur 2 —
1 +—

(4) 1-Ca?* +2H*= ]-2 H*+ Ca?*
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High sulphur content indicates formation
of floating fen under relatively sulphur rich
conditions (sulphate rich groundwater).

Upon desiccation:
4 FeS, + 15 O, + 20H,0 > 4FeOOH + 8S0,2+ 16H*

]-Ca?* + 2 H* > ]-2 H*+ Ca?*
-Mg?* + 2 H* > ]-2 H* + Mg?*
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R .
EMYIRONMENTAL
POLLUTION
Environmenlal Polluton 120 (2002 ) 635645 e
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Potential sensitivity of mires to drought, acidification and
mobilisation of heavy metals: the sediment S/(Ca + Mg) ratio as
diagnostic tool
E.CH.E.T. Lucassen®*, A.JP. Smolders, J.G.M. Roelofs
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If total-S/(total-Ca+Mg) > 0.67: acidification
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Treatments:

0 kg ha'l

1000 kg ha'l
2000 kg hat
4000 kg ha't

|

Image 2008 Aercdata international Surveys '-,
"l,

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

Noordzee

Water shortage in summer:
Is compensated by the inlet of alkaline sulphate rich river water
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BIOGEOCHEMICAL WATER-MANAGEMENT & APPLIED RESEARCH ON ECOSYSTEMS
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Electron acceptors
S04, NO3, Fe(lll)

~

g2- Decomposition |——— NH,
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Organic matter

FeS |+
| Fe(l) / H

I co,| |HCO;
Fe(O)OH | e PO4 (alkalinity)
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Nederland
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Nederland

Tot-Fe:tot-S < 0,5
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PO43'T l

——— Fe+——| FeO(OH)-P
T

szt Rewetting of fens with and without sulphate

T

_
[e
&
=
&
<
O
o

N = I D= _
R s Sk 2 i A O
|

\ > »
P# o \ ,
H‘ (\) M\\) ? \ N O I R B \ L1

12 16 20 24 28 32 36

i

weeks




S
Bill

RESEARCH CENTRE

stagnant + chloride

stagnant + sulfate
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BIOGEOCHEMICAL WATER-MANAGEMENT & APPLIED RESEARCH ON ECOSYSTEMS
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freshwater

brackish water
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Myriophyllum spicatum
Ceratophyllum demersum

Il Nymphoides peltata
Ranunculus circinatus
Spirodela polyrhiza
Lemnatrisulca
Potamogeton mucronatus
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and on the roots leads
to root-die-back

& Glimmen ¢ Tienhoven »  Zegveld &

Iron content (umol g™ Dwt):
Apoplastic iron in root (n=12) 68.1 + 29.1 11.3+10.2 0.7+04
Iron in shoot (n=12) 21.0+7.2 57+1.0 0.1+0.1
Surface water (umol I™):
Sulphate (n=3) 323 + 43 254 + 32 899 + 101
Sediment pore water (umol I™):
Iron 555 + 161 89 + 27 1.1+13
Sulphide (n=5) <0.1 <0.1 24.7+8.8
Ortho-phosphate (n=5) 4.1+0.7 8.0+ 3.0 25.1+6.8
Bicarbonate (n=5) 3111 + 551 3096 + 620 4786 + 712
Characteristics: Iron rich seepage, Healthy shoots and Root die-back due to

iron precipitation in | roots. sulphide toxicity,

chlorotic iron
deficient shoots

Survival time (days)
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Stratiotes alohs
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Littorella uniflora
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Free amino acids (umol g™ DW)

N as free amino acids (%)
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Shallow peat lake (Geerplas, the Netherlands)

lldl:":l' i
45|umol/L!
200
£
= oo dredging i
Q. ]
* = = L 3
(@) inlet P-stripped water! ARk
a0
o
> ! # |
0600
13 pmoll/L! L I . |
* -
0.400 -1 ﬁ ‘ﬁq ;,
0,200 - s’ 1 I
U w "Jl
0.000 N
8 & 8 8 8 ¢ 8 2 &8 8 8 8 8 88 &8 B B B ® 8

Michielsen et al. 2008



Iron (umol L)

®
N ] @
Nitrate immobilizes iron o

RESEARCH CENTRE

@©
(@)
®)
o
@)
(@)
I
—
=
(@)
>
=
s
>
600 H
140 ?) ;IU
=
120 + JZ>
>
500 - —~ 100 4 -0.3623 @
oz y =194.2x™ E
S 80 R?=0.9767 =
£ =z
2 60 —

400 -
§ Ro
= 404 >
E
20 4 —_
300 - O M
O T T T T 1 ;U
0 500 1000 1500 2000 2500 m
Nitrate (umol L") o
200 - e
(@)
€L
L ] O
=
100 4 m
- O
(@)
- m
'|' ! 2
J 2
0 $ $ $ $ $ $ | m
0-10 10-25 25-50 50-100 100-500 500-1000 >1000 §

Nitrate (umol L'1)




20FeS, + 52NO; + 50, + 42H,0 = 20Fe( OH); + 40SO; ™+ 28N, + 24H*
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FeS, > Fe(0x) SO,~

Pyrite containing soil

5.J. Moncaster et al. / Jovrnal of Contaminant Hvdrology 43 (20000 147-163 161
Unweathered Limestone Weathered crust Groundwater
(calcite + pyrite + clay) (iron hydroxide + clay, no clacite)
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The sulphur bridge
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NH," — N?3'
Fes, ‘ > Fe(0x) SO,?
Pyrite bearing soil layer :

l

Ground water fed wetland
SO,

Ground water
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N and P availability

Yearly temporal desiccation

desiccation

) ) L) L)
Year 1 Year 2 Year3 Year 4 )
A P
—  » Fe —» | FeS, | « | FEO(OH)-P
- SO 2- wet
4
desiccation
soz F l
FeS, | — FeO(OH)-P

IH+* — NO.-
ALY} T3

Oxidized top layer

N,

Anaerobic sedimen‘;
< NO3'
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Wetland restoration !
Rewetting measures in

Alder carr woods: high summer
level

before
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Raised bogs in the Netherlands
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The area covered by raised

bogs (1,000,000 ha) has been
almost completely lost due to
peat cutting activities
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Rewetting of cut-over bogs e
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Large areas of deeply inundated,
strongly humified peat with no
growth of Sphagnum mosses
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Development of S.
cuspidatum carpets is usually
observed in the more
shallowly inundated zones
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Relationship between colour of the water layer
and light intensity at different depths
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Submerged Sphagnum needs substrate derived CO,
for growth
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—&— + floating Sphagnum cuspidatum

—e— without Sphagnum

[CO2] in pM
o
o
o

1000 -

500 -

D | | | | | | |
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Distance from sediment (cm)

SW3LSASOJ3 NO HOYV3S3d d3lddV ® LININIFOVNVIN-H4ILVM TVIINTHOO0IO0Id



Net photosynthetic rate

Biomass increase

(umol CQ h" g’ DW)

(mg g DW d")

Growth of S. cuspidatum at different light conditions
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Shallow inundation & 2000 pmol I CO,

Deep inundation & 100 pmol I-1 CO,

Smolders et al. 2003
Wetlands Ecology & Management
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Vil 436/25 August 2005|doi:10.1038/nature03802 nature

Methanotrophic

“.LA*HF"“*LHE:E :
PIIULU&,IILIIE:I: (1]

Ashna A. Raghoebarsing’, Alfons J. P. Smolders”, Markus C. Schmid’, W. Irene C. Rijpstra’,

Mieke Wolters-Arts’, Jan Derksen’, Mike S. M. Jetten', Stefan Schouten®, Jaap S. Sinninghe Damsté”,
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C incorporated
In Sphagnum

@ Methane oxidation by methanotrophic bacteria

@ Photosynthesis
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With the aid of FISH (Fluorescence In Situ Hybridisation)
methanotrophic bacteria have been found in the hyaline
cells of S. cuspidatum and on stem leaves

16S rRNA sequence shows highest similarity with
uncultured a-Proteobacteria/type Il methanotrophic
bacteria

Isotopic mass balance calculation: methane contributed
between 5 and 20% of the total carbon fixated by S.
cuspidatum (field measurements)

This symbiosis is important in the view of global change
(efficient recycling of methane)
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| Raghoebarsing, Smolders et al. Nature (2005)



Biogeochemical Water-management & Applied Research on Ecosystems

E o
5 - S
= N
]
o
wh
-
S
- 3
]
e
[ Y-
- Q@ O
w £
-
S’
s =
Q
B - O  uw
¥ 0
(&)
(4v)
c
o L 8 8
m| ® ©
wd
c
S
= S c
> - ©Q 0O
- N O
(@)
I3 <t
- 5
o
a S
+ - O
N _1
I T T T T o
To) o (g o n QO
N N ol -«

AF-_o u jown) uoissiwd ¥H9



BIOGEOCHEMICAL WATER-MANAGEMENT & APPLIED RESEARCH ON ECOSYSTEMS

o
z o
8 - O
- ~
=
&
-
(7]
[T7]
]
o
R
[]
o
[ TR S
0I
v o
=
=1
g
SRS
e 8
O
o
©
o
S =
» O
wid
c
@
2
E E o 6
= o
nn 24
gg =
S &
-
Q o
O n
L N S
B S
; ' ' ' T o
L A < 9 9u»vw o 1o
N N @ @z

(,.p w [owrl) uoissiwa rH9



Spontaneous development of floating rafts
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Introduction of suitable substrates
with different amounts of lime added prm—
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Inundation of desiccated sites with ‘white’ peat
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Conclusions

Introduction of
Redevelopment of Sphagnum carpet species and

Waterlogging/ depends on abundance and establishment compartimentation
Shallow inundation of Sphagnum spec. and fluctuations of may be required
water levels.
(<30 cm)
Growth of Sphagnum cuspidatum may Introduction of

Black peat result in floating raft formation only when
g y — " species may be

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

Deep inundation Floating raft formation may occur if adequate lr[;ter((:)i((jelsjcr::;); 8:

(>>30 cm) substrate becomes buoyant (depends on substrate :
qualities). required
Bog remnant Introduction of
No development of Sphagnum carpets due =~ —» substrate and

to unsuitable conditions )
species may be

required

Shallow Swelling of peat surface Sphagnum Introduction of

White peat/ —*> . dati species show a rapid horizontal — species may be
acrotelm Aol expansion when conditions required

hacomeae wottar
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