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a  b  s  t  r  a  c  t

Globally  15%,  and  in  Europe  over  50%,  of all peatlands  have been  drained  for  agricultural  use  leading
to  high  carbon  (C) losses,  severe  land  subsidence  and  increased  flooding  risks.  For  the  restoration  of C
sequestration  and  peat  formation,  abandoned  peatlands  are  being  rewetted  at  a  large  scale, but  this  trans-
forms  them  into  strong  methane  (CH4) sources.  Furthermore,  due  to the  high  topsoil  nutrient  contents
and/or  high  buffering  capacities  of  water  used  for rewetting,  this  will  inevitably  result  in eutrophica-
tion  of restored  peatlands  and  downstream  areas,  which  may  compromise  the regrowth  of  peat  forming
vegetation  including  Sphagnum  spp.

To experimentally  determine  the  extent  of these  negative  side  effects in  relation  to water  quality,  and  to
test  topsoil  removal  as  an  abatement  strategy,  we  used  a  controlled  laboratory  approach  in which  topsoil
and subsoil  monoliths  of  a former  agricultural  peatland  were  rewetted  with  water  of  different  qualities
(+P,  +HCO3

−, +P/+HCO3
− and  Control),  mimicking  rainwater  vs. surface  water  storage.  In addition,  two

different  Sphagnum  moss  species  (S.  squarrosum  and  S.  palustre)  were  compared.
Without  topsoil  removal,  rewetting  led to high  P  and  N mobilisation,  algal  blooms,  and  high  CH4,

carbon  dioxide  (CO2) and  dissolved  organic  carbon  (DOC)  emissions.  P-rich  water  resulted  in  further
eutrophication.  Bicarbonate  (HCO3

−) enrichment  by  surface  water  not  only  stimulated  P  release  and  CO2

emission,  but  also  strongly  reduced  Sphagnum  vitality.
We  conclude  that topsoil  removal  will,  at least  in  initial  stages  of rewetting,  strongly  reduce  eutrophi-
cation  problems  (by  80–90%),  CH4 emission  (99%),  DOC  loss  (60%)  and  global  warming  potential  (50–70%)
of  rewetted  former  agricultural  peatlands.  Furthermore,  to reduce  mineralisation  rates  and  enable  Sphag-
num growth,  storage  of  rainwater  rather  than  surface  water  is  preferred.  Finally,  removed  topsoils  can
be reused  in  adjacent  subsiding  agricultural  areas,  and  thereby  optimise  the  overall  C  balance  and  allow
higher  water  levels  in  rewetted  peatlands.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Land use change, hydrological operations and other forms of
nthropogenic forcing have severely compromised the functioning
f global wetlands and their services including flood protection,

ater purification, biodiversity and C sequestration (Foley et al.,

005; Zedler and Kercher, 2005). Approximately 15% of peatlands
orldwide have been drained to accommodate agriculture, peat

∗ Corresponding author at: Department of Aquatic Ecology, FNWI, Postbus 9010,
500 GL Nijmegen, The Netherlands. Tel.: +31 243652919.

E-mail address: S.Harpenslager@science.ru.nl (S.F. Harpenslager).

ttp://dx.doi.org/10.1016/j.ecoleng.2015.08.002
925-8574/© 2015 Elsevier B.V. All rights reserved.
extraction, forestry or urbanisation (Joosten, 2009), although
considerable differences exist between countries, with 10% to
85% of peatlands drained within a single country (e.g. Brock et al.,
1999; Hooijer et al., 2012; Zanello et al., 2011; Meckel et al., 2006;
Hoeksema, 2007). While the accumulation of thick peat layers has
generally taken thousands of years (−1.1 mm yr−1; Ovenden et al.,
1998), drainage of these systems has resulted in strong degra-
dation by oxygen intrusion, enhancing aerobic decomposition of
organic matter and carbon (C) emission. Together with compaction

and consolidation (Hooijer et al., 2012), this has caused fast land
subsidence (2–150 mm yr−1; Syvitski et al., 2009). Given the
projected sea-level rise, this continuing subsidence of peatlands –
often located in heavily populated coastal areas, river deltas and

dx.doi.org/10.1016/j.ecoleng.2015.08.002
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoleng.2015.08.002&domain=pdf
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oodplains – poses a serious risk to public safety due to higher
ooding risks (Syvitski et al., 2009; Temmerman et al., 2013).

Pristine, growing peatlands (mires) generally form net C sinks,
n which the fixation of carbon dioxide (CO2) into layers of organic

atter exceeds the emission of methane (CH4) and CO2, lead-
ng to net ecosystem exchange (NEE) rates ranging from −5 to
40 g C m−2 yr−1 (Belyea and Malmer, 2004; Gorham, 1991; Lamers
t al., 2015; Saarnio et al., 2007). Drained and degraded peatlands,
n the other hand, are almost always net C sources (Alm et al.,
999; Waddington et al., 2001), with NEE rates ranging from +80 to
880 g C m−2 yr−1 (Lamers et al., 2015) and a yearly global emission
f 30 to 370 Mt  C yr−1 (Armentano, 1980). These high C emission
ates from drained peatlands are the result of strongly increased
erobic ecosystem respiration rates and therefore mainly consist
f CO2 (Nykänen et al., 1995; Silvola et al., 1996; Waddington and
ay, 2007). Emissions of CH4, on the other hand, are much lower for
rained peatlands than for pristine or rewetted peatlands (Moore
nd Knowles, 1989; Salm et al., 2009), as a result of the inhibition
f CH4 production and stimulation of CH4 oxidation under aerobic
onditions (Lai, 2009; Maljanen et al., 2010). Since CH4 is a much
ore potent greenhouse gas than CO2, its enhanced emission after

ewetting strongly increases the global warming potential (GWP)
f these restored systems. Due to the high availability of easily
egradable organic matter (and therefore of acetate, CO2 and H2),
nd nutrients for methanogens (Aerts and Toet, 1997; Fiedler and
ommer, 2000), CH4 emissions from rewetted, former agricultural
eatlands may  be considerable (Lamers et al., 2015). So far, how-
ver, only few studies have been published on CH4 fluxes in these
ystems (e.g. Hendriks et al., 2007; van de Riet et al., 2013).

Since over 85% of drained peatlands have been used for agri-
ulture (Joosten, 2009), they have been heavily fertilised and often
lso limed, resulting in an extremely nutrient-rich, buffered top
ayer of the soil. Especially phosphate (PO4

3−) has accumulated in
hese soils, since it is strongly bound in iron (Fe) complexes and
o organic matter under aerobic conditions (Lamers et al., 2015;
molders et al., 2006, 2008). Upon rewetting, however, there is a
onsiderable risk of PO4

3− mobilisation and eutrophication of the
eatland and downstream areas (Patrick and Khalid, 1974; Rupp
t al., 2004; van Dijk et al., 2007). Furthermore, heavily fertilised
oils often also turn into sources of N after rewetting (van de Riet
t al., 2013; Van Dijk et al., 2004; Zak and Gelbrecht, 2007). Thus,
lthough rewetting of drained peatlands may  counteract land sub-
idence and CO2 losses by restoring the anaerobic soil conditions
nd inhibiting complete organic matter oxidation, it may  have sev-
ral negative side effects in former agricultural systems. Therefore,
espite seeming counterintuitive, removal of the easily degradable
utrophic topsoil may  be a useful abatement strategy to prevent
trong greenhouse gas (GHG) emission and nutrient mobilisation
fter rewetting and thus restore peat formation (Emsens et al.,
015).

The actual effect of rewetting a drained peatland will also
trongly depend on the quality of the water used. Instead of con-
erving rainwater by building dams to counteract desiccation in
eatlands, many areas have been rewetted by flooding them with
urface water (Grootjans et al., 2002; Lamers et al., 2002; Roelofs,
991). Especially in agricultural areas, the quality of this surface
ater may  be compromised, with high nutrient concentrations

nd/or high buffering capacity (alkalinity). Both factors can be
xpected to have a strong influence on the peatlands’ biogeochem-
stry and other services, including C sequestration (Lamers et al.,
015).

To fully restore the C sequestering function of a system and pro-

ote regrowth of peat, restoration of the original peat-forming

egetation is essential. Limitations in seed or spore dispersal,
bsence of viable seeds or spores in the soil or unfavourable
abitat conditions may  hamper natural return of peat-forming
gineering 84 (2015) 159–168

vegetation, such as Phragmites,  Carex or Sphagnum species
(Aggenbach et al., 2013; Campeau and Rochefort, 1996). Of these
species, Sphagnum mosses produce more recalcitrant organic mat-
ter than other peat-forming species due to the unique characteris-
tics of these ecosystem engineers (Van Breemen, 1995), including
habitat acidification (Clymo, 1963; Hajek and Adamec, 2009; Van
Breemen, 1995), production of organic matter with high phenolic
contents (Yavitt et al., 2000), and high water retention, keeping the
environment moist and anaerobic (Clymo, 1973). While Sphagnum
can be reintroduced successfully on oligotrophic, acidic cut-over
peatlands (Campeau and Rochefort, 1996; Robroek et al., 2009;
Smolders et al., 2003), revegetation of eutrophic or alkaline soils
may  pose a serious problem to these mosses, since they may  eas-
ily be out-competed by vascular plants (Aggenbach et al., 2013;
Berendse et al., 2001; Smolders et al., 2008) or suffer from high pH
(Andrus, 1986; Clymo, 1973; Hajek et al., 2006; Lamers et al., 1999).

Increased CH4 production and nutrient mobilisation after
rewetting of former agricultural peatlands have already been
shown in the field (e.g. Hendriks et al., 2007; Zak and Gelbrecht,
2007). In field studies, however, determining the extent and
impact of these two  processes is difficult due to multiple biogeo-
chemical interactions, complex hydrology and large variations in
climatic parameters. Therefore, we  chose a controlled, experimen-
tal approach to determine the extent of the GHG emission and
eutrophication after rewetting of a former agricultural peatland
using water of different qualities, mimicking rainwater, or surface
water with high P and/or HCO3

− availability. This controlled meso-
cosm approach also allowed us to quantify the effect of topsoil
removal on the restoration of ecosystem services, by using both
topsoils (5–20 cm)  and subsoils (25–45 cm). Furthermore, to test
whether the original fen vegetation, characterised by Phragmites
australis and Sphagnum spp., could be restored after rewetting and
topsoil removal, we introduced two species of Sphagnum (S. palustre
and S. squarrosum) that are typical of this vegetation, and studied
their growth potential under the different water and soil conditions
and their contribution to C sequestration.

2. Material and methods

2.1. Experimental set-up

In autumn 2013, 32 peat monoliths (25 × 12 × 20 cm;
length × width × height) were randomly collected from a drained
and fertilised, agricultural peatland managed as a pasture in the
north-western part of The Netherlands (Ilperveld; 52◦44′075′′N;
4◦94′960′′E). Cores were taken from two  depths, 5–25 cm (topsoil;
n = 16) and 25–45 cm (subsoil; n = 16), immediately transferred into
glass aquaria (25 × 12 × 30 cm;  l × w × h) and transported to the
lab. Both layers consisted of Sphagnum/Carex peat, but as a result
of drainage, the top layer was decomposed further, as illustrated
by a higher bulk density (0.41 ± 0.03 vs. 0.19 ± 0.01 kg DW L−1 FW),
lower organic matter content (47.9 ± 9.3 vs. 78.4 ± 1.8) and
lower content of porewater phenolic compounds (2.75 ± 0.64
vs. 4.14 ± 0.85 mg L−1). The two  chosen depths were based on
measurements of the Olsen-P (Olsen et al., 1954) profile showing
much higher P availability (951 ± 71 vs. 153 ± 22 mg  P kg DW−1) in
the top layer due to fertilisation and decomposition.

In the lab, demineralised water was  added to 2 cm above
soil level (0.6 L per aquarium), after which the aquaria were left
for 2 weeks to acclimatise in a water bath at 15 ◦C (NESLAB
cryostat, Thermoflex 1400, Breda, The Netherlands) with a light

regime of 16 h light (400 W,  Philips, Master Son-T PiaPlus, Belgium,
150 �mol  m−2 s−1 PAR), mimicking Dutch summer conditions. All
soils received artificial rainwater at a rate of 750 mm yr−1 corre-
sponding to Dutch annual rainfall (250 mL;  three times a week),
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nd with a composition equal to Dutch rainwater (5 mg  L−1 sea
alt (Tropic Marine, aQua united LTD, Wartenberg), 19 �mol  L−1

Cl, 10 �mol  L−1 CaCl2, 10 �mol  L−1 Fe-EDTA, 1 �mol  L−1 KH2PO4,
.7 �mol  L−1 ZnSO4, 0.8 �mol  L−1 MnCl2, 0.2 �mol  L−1 CuSO4,
.8 �mol  L−1 H3BO3, 8 nmol L−1 (NH4)6Mo7O24 and 91 �mol  L−1

H4NO3).
After two weeks, the demineralised water was replaced with

reatment solutions containing 5 mg  L−1 of sea salt (see above) and
ither 0 or 5 �mol  L−1 Na4P2O7·10H2O and 0 or 3 mmol  L−1 NaHCO3
reating four treatments: Control, +P, +HCO3

− and +P/+HCO3
− (ran-

omly applied; n = 4 for each treatment). The addition of HCO3
− and

O4
3− simulates the use of alkaline or nutrient-rich surface water

or the rewetting of peatlands. Treatment solutions were flow-
ng through the aquaria at a rate of 5.44 L week−1 using peristaltic
umps (Masterflex L/S tubing pump; Cole-Palmer, Chicago, IL, USA),
hich, together with a fixed outflow, ensured a stable water layer

f 2 cm above soil surface. After the first period of 2.5 months,
atches of Sphagnum palustre (2.37 ± 0.11 g DW;  67 ± 1.3 capitula;
ean ± SEM) and S. squarrosum (1.84 ± 0.07 g DW;  84 ± 1.4 capit-

la; mean ± SEM) were applied to each half of the aquaria. These
wo species are still abundant in natural, undisturbed parts of the
eatland area where the soils were collected, and are typical fen
pecies in The Netherlands. They differ, however, in their habitat
reference, with S. squarrosum being more tolerant to nutrient-rich
nd alkaline conditions than S. palustre (Clymo, 1973). The upper
arts of the mosses were cut at equal lengths (4 cm)  and placed
pright to avoid submergence of the capitula (top 8–10 mm of the
hotosynthetically active tissue of the mosses).

.2. Chemical analyses

Two soil moisture samplers of 10 cm length (Rhizon SMS-
0; Eijkelkamp Agrisearch Equipment, Giesbeek, The Netherlands)
ere inserted into the sediments to allow collection of pore
ater using vacuum bottles. While peat was bare, both samples
ere pooled, whereas samples were analysed separately after

pplication of the Sphagnum mosses. Surface water was sampled
imultaneously with pore water.

pH was measured with a standard Ag/AgCl electrode (Orion
esearch, Beverly, CA, USA) combined with a pH meter (Tim840
itration manager; Radiometer analytical, Lyon, France), after
hich alkalinity was determined by titrating down to pH 4.2 using

.1 M HCl using an Auto burette (ABU901, Radiometer, Copen-
agen, Denmark). Total inorganic carbon (TIC) was measured by

njecting 0.2 mL  of sample into an N2-flushed compartment with
 mL  phosphoric acid (0.4 M)  in an Infra-red Gas Analyser (IRGA;
BB Analytical, Frankfurt, Germany), after which concentrations
f HCO3

− and CO2 were calculated based on the pH equilibrium.
otal organic carbon (TOC), dissolved organic carbon (DOC) and
otal nitrogen (TN) were measured in unfiltered water layer sam-
les and filtered (Ø 0.45 �m)  pore water samples, using a TOC-L
PH/CPN analyser (Shimadzu, Kyoto, Japan). Net mobilisation rates
f nutrients (P, N and Fe) and TOC were calculated based on their
oncentrations in the water layer and the flow rate of treatment
ater.

At the end of the experiment, homogenised soil samples were
aken, volume weighed and dried (48 h 60 ◦C) to determine bulk
ensity. Organic matter content was determined through loss on

gnition (3 h, 550 ◦C). Dried soils were digested with 4 mL  HNO3
65%) and 1 mL  H2O2 (30%) using a microwave oven (1200 Mega,

ilestone Inc., Sorisole, Italy). Plant available P was  extracted

ccording to Olsen et al. (1954), whereas a salt extraction was per-
ormed by incubating 17.5 g of homogenised fresh soil overnight
ith 50 mL  of 0.2 M NaCl. Furthermore, total phenol concentra-

ions of soil pore water were determined colourimetrically on
gineering 84 (2015) 159–168 161

a spectrophotometer (750 nm;  Lambda 25, UV/vis Spectrometer,
PerkinElmer Instruments), according to Box (1983) and Carter and
Gregorich (2007).

Soil extracts and water samples were analysed colourimetri-
cally for PO4

3−, NH4
+ and NO3

−, on an Auto Analyser 3 system
(Bran & Lubbe, Norderstedt, Germany) using ammonium molyb-
date (Henriksen, 1965), hydrazine sulphate (Kamphake et al., 1967)
and salicylate (Grasshof and Johannse, 1972), respectively. Con-
centrations of Ca, Fe, K, Mg  and total-P in water samples and
digestates were analysed by inductively coupled plasma spectrom-
etry (ICP–OES iCAP 6000; Thermo Fischer Scientific, Waltham, MA,
U.S.A.).

2.3. Greenhouse gas flux measurements

CO2 and CH4-fluxes were measured on bare peat (4 weeks after
start of the treatments) and on Sphagnum-covered peat (15 weeks;
i.e. 6 weeks after placing Sphagnum)  under light and dark conditions
using transparent and dark closed chambers (10 × 10 × 12 cm),
respectively, connected to a Greenhouse Gas Analyser (GGA-24EP,
Los Gatos Research, Mountain View, CA, USA). Dark measurements
were carried out after the night-period to ensure dark-adaptation
of plants. Measured fluxes were used to estimate GWPs, expressed
(on a mass basis) in CO2-eq m−2 d−1, with CH4 corresponding to 34
CO2-eq over a 100 year period including climate-carbon feedbacks
(IPCC, 2013). Estimates of year-round fluxes of GWP  are based on an
8-month growing season to prevent overestimation during winter
months.

Methane Production Potential (MPP) was  determined by incu-
bating 3 g of homogenised soil samples (2–6 cm depth) in 60 mL
serum bottles with 3 mL  of demineralised H2O. An anaerobic
headspace was  ensured by 5 cycles of evacuation and gassing with
N2. For controls and acetate (5 mmol  L−1 final concentration) treat-
ments the headspace consisted of N2, whereas the headspace of
the hydrogen treatment consisted of 80% H2/20% CO2. Bottles were
incubated on a horizontal shaker (100 rpm) at room temperature.
CH4 concentrations in the headspace were measured 7 times dur-
ing one week on a HP 5890 gas chromatograph (Hewlett Packard,
Wilmington, DE, USA) according to e.g. Ettwig et al. (2008). The
linear part of the graph was  used to calculate MPP.

2.4. Plant parameters

At the beginning and at the end of the experiment, the fresh
weight (FW) and number of capitula of the mosses were deter-
mined. At the end, DW was  determined (48 h, 60 ◦C), while initial
moss DW was  calculated using the DW/FW ratio determined by
weighing and drying extra mosses (n = 5 per species) at the start
of the experiment. At the end of the experiment, photosynthetic
rates were determined by measuring CO2 consumption of capitula
(0–3 cm)  from both species and all aquaria in a closed glass cham-
ber (100 mL)  connected to a greenhouse gas analyser (GGA-24EP,
Los Gatos Research, Mountain View, CA, USA) at a light intensity of
200 �mol  m−2 s−1. Furthermore, health of photosystem II (FV/FM)
was determined using pulse-amplified modulation (JUNIOR-PAM,
Waltz, Effeltrich, Germany). During the experiment, the concentra-
tions of unicellular algae in the water layer were determined three
times using a PhytoPAM (Phytoplankton Analyser System, Waltz,
Effeltrich, Germany).

2.5. Statistical analyses
Normality of residuals and homogeneity of variance were
checked using Shapiro-Wilk’s Test of Normality and Levene’s
Test of Equality of Error Variances, respectively. Non-normal and
heteroscedastic data were log transformed before analyses to
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Fig. 1. Average (unicellular) algal concentrations (±SEM), expressed as �g Chl L−1

for topsoils and subsoils treated with a water layer with or without addition of P

grown on these soils also had higher N (P = 0.027; F = 5.179) and
62 S.F. Harpenslager et al. / Ecolog

uthorise use of parametric tests. All data were subsequently ana-
ysed by two-way ANOVAs at the 0.05 confidence limit followed by

 Tukey post hoc test. For all analyses, P and F values are presented.
ll statistical tests were carried out using SPSS v21 (IBM Statistics,
012).

. Results

.1. Soil characteristics

Topsoils were characterised by a much higher P availabil-
ty than subsoils, with significantly higher Olsen-P (P < 0.001;

 = 127.870) and total P (TP; P < 0.001; F = 118.299) concentrations
n soil and pore water extracts, respectively (Table 1). Further-

ore, topsoils had much higher salt-extractable NH4
+ (P < 0.001;

 = 19.533) and NO3
− (P < 0.001; F = 20.288) concentrations and

ontained more total N (TN; P < 0.001; F = 46.309) than subsoils
Table 1). Topsoils were also characterised by higher concentra-
ions of Ca (P < 0.001; F = 20.612, data not shown), Mg (P = 0.004;

 = 9.914, data not shown) and HCO3
− (P < 0.001; F = 105.565;

able 1). While Fe concentrations did not differ between topsoils
nd subsoils, the much higher total-P content of topsoils resulted in
uch lower Fe:P ratios (4.5 ± 0.4 mol  mol−1) compared with sub-

oils (11.8 ± 0.9 mol  mol−1; data not shown; P < 0.001; F = 49.124).
urthermore, subsoils had a 30% lower bulk density (P < 0.001;

 = 39.340), 20% higher OM content (P = 0.007; F = 8.860) and 50%
igher concentration of phenolic compounds (P = 0.020; F = 6.249)
han topsoils (Table 1).

.2. Water and pore water quality

The water layer above topsoils was characterised by a higher pH
P = 0.008; F = 8.496; Table 2) and alkalinity (P < 0.001; F = 29.608;
able 2) than the water layer of subsoils. Similar differences were
bserved in the soil pore water (data not shown). Rewetting with
CO3

−-rich water increased both pH (P < 0.001; F = 231.050) and
lkalinity (P < 0.001; F = 1956.640) in the water layer (Table 2) and
ore water (data not shown), while use of P-rich water resulted in

 higher PO4
3− availability in the water layer (P < 0.001; F = 11.234;

able 2). Furthermore, a combination of P and HCO3
− in the inlet

ater resulted in an even higher pH than sole addition of HCO3
−

P < 0.001; F = 231.050; Table 2).

The higher nutrient content of topsoils also resulted in a higher

vailability of P and N in the overlying water layers (Table 2).
 and N were mobilised from topsoils to the water layer at
ates of 413 ± 81 and 152 ± 21 �mol  m−2 d−1, respectively, whereas

able 1
ediment characteristics of topsoil and subsoil of a former agricultural peatland,
fter 15 weeks of rewetting. Olsen P, NH4

+ and NO3
− were derived from Olsen and

alt  extractions, respectively, and are presented as �mol  L FW−1. Other nutrient con-
entrations and concentrations of phenolic compounds and bicarbonate (HCO3

−)
ere present in collected pore waters and presented per L pore water. Signifi-

ant differences between topsoils and subsoils are indicated with asterisks, with
representing P ≤ 0.05 and *** P ≤ 0.001.

Unit Topsoil Subsoil

Bulk density*** kg DW L FW−1 0.38 ± 0.02 0.27 ± 0.01
Moisture content*** % 66.5 ± 1.1 76.3 ± 0.8
Organic matter*** % 46.8 ± 1.3 57.3 ± 2.9
Total phenolic compounds* mg  L−1 3.26 ± 0.36 4.91 ± 0.51
C:N*** g g−1 11.44 ± 0.11 16.29 ± 0.47
Olsen P*** �mol  L FW−1 434.1 ± 70.0 144.5 ± 7.4
NH4

+*** �mol  L FW−1 1651 ± 398 720 ± 81
NO3

−*** �mol  L FW−1 841.1 ± 475.0 5.6 ± 1.9
TP*** �mol  L−1 268.4 ± 39.8 7.0 ± 0.9
TN*** mmol  L−1 4.43 ± 0.31 1.95 ± 0.15
DOC*** mmol  L−1 76.6 ± 7.9 38.0 ± 3.2
HCO3

−*** �mol  L−1 381.6 ± 123.2 17.5 ± 1.0
and/or HCO3
− . The significant difference between topsoil and subsoils is indicated

using an asterisk, with *** representing P ≤ 0.001.

mobilisation from subsoils was limited to 27 ± 7 �mol P and
34 ± 5 �mol  N m−2 d−1 (P < 0.001 for both; data not shown). The
mobilisation of P concurred with the mobilisation of Fe, at rates
of 915 ± 202 and 141 ± 39 �mol  m−2 d−1 from topsoils and subsoils,
respectively (P = 0.003; data not shown). The water layer above top-
soils contained significantly higher concentrations of algae during
the experiment (P < 0.001; F = 45.842; Fig. 1), whereas there was a
trend (P = 0.089; F = 2.441; Fig. 1) indicating a stimulating effect of
P, HCO3

− or a combination of P and HCO3
− on algal growth in the

water layer.

3.3. Sphagnum growth

Both Sphagnum species were similarly affected by soil type and
water quality, although S. squarrosum generally showed a higher
relative growth rate (RGR) (P < 0.001; F = 21.810; Fig. 2) and a higher
photosynthetic rate (P = 0.001; F = 13.787; Table A1) than S. palustre.
Both moss species had higher growth rates (P = 0.007; F = 8.041;
Fig. 2) on topsoils than on subsoils and a similar trend was observed
for the photosynthetic rates of both species (P = 0.073; F = 3.368).
Due to the higher availability of both N and P on topsoils, mosses
P (P < 0.001; F = 17.279) contents than mosses grown on subsoils
(Table A1).

Fig. 2. Relative Growth Rate (RGR; mean ± SEM) of S. squarrosum and S. palustre
growing on topsoils or subsoils treated with a water layer with or without addition
of  P and/or HCO3

− . Significant differences between topsoil and subsoils, and between
Sphagnum species are indicated using asterisks, with ** representing P ≤ 0.01 and
*** P ≤ 0.001. Significant differences between water treatments are indicated using
different letters (a, b).



S.F. Harpenslager et al. / Ecological Engineering 84 (2015) 159–168 163

Table  2
Chemical composition of the water layer overlying topsoils or subsoils, with or without addition of P and/or HCO3

− . Significant differences between topsoil
and  subsoil are indicated with asterisks, with ** P ≤ 0.01 and *** P ≤ 0.001. Significant differences between water treatments are indicated with different letters
(a,  b, c).

Water layer Soil Control +P +HCO3
− +P/+HCO3

−

pH Topsoil** 5.3 ± 0.2a 5.4 ± 0.1a 7.6 ± 0.2b 8.0 ± 0.2c

Subsoil 4.6 ± 0.1a 4.6 ± 0.0a 7.6 ± 0.1b 8.2 ± 0.2c

Alkalinity (meq L−1) Topsoil*** 0.25 ± 0.04a 0.26 ± 0.07a 2.92 ± 0.03b 2.97 ± 0.06b

Subsoil 0.10 ± 0.02a 0.09 ± 0.01a 2.69 ± 0.06b 2.77 ± 0.06b

PO4
3− (�mol  L−1) Topsoil*** 6.86 ± 0.95a 14.57 ± 4.77b 10.23 ± 2.70b 11.72 ± 1.20b

Subsoil 1.08 ± 0.07a 3.01 ± 0.41b 2.66 ± 0.65b 5.31 ± 0.21b

Total P (�mol L−1) Topsoil*** 15.93 ± 2.71a 27.62 ± 6.94b 17.78 ± 9.08a 15.68 ± 3.80b

Subsoil 1.03 ± 0.26a 7.47 ± 0.56b 2.80 ± 0.19a 8.05 ± 0.94b

NH4
+ (�mol  L−1) Topsoil** 5.87 ± 0.81 7.39 ± 1.84 10.96 ± 2.59 8.57 ± 2.13

Subsoil 1.32 ± 0.19 1.34 ± 0.54 4.99 ± 2.36 7.49 ± 2.27

Ca  (�mol  L−1) Topsoil 64 ± 9 128 ± 64 66 ± 12 54 ± 8
Subsoil 71 ± 11 64 ± 6 79 ± 14 57 ± 10

TOC  (mmol  L−1) Topsoil*** 3.7 ± 1.1 3.9 ± 1.0 2.5 ± 1.2 3.0 ± 1.1
Subsoil 0.7 ± 0.1 1.4 ± 0.4 1.9 ± 0.2 1.3 ± 0.1

t
F
(
P
+
m
o
i
a
t
i

F
w
S
a

TN  (mmol L−1) Topsoil*** 0.29 ± 0.09
Subsoil 0.05 ± 0.01 

Both S. palustre and S. squarrosum species were nega-
ively affected by addition of HCO3

−. RGR (P = 0.001; F = 6.732;
ig. 2), number of capitula (P < 0.001; F = 42.084), moss length
P < 0.001; F = 174.041), photosynthesis (P < 0.001; F = 8.266) and
AM (P < 0.001; F = 16.560) were lower in mosses from +HCO3

− or
P/+HCO3

− treatments than in mosses from control or +P treat-
ents (Table A1). For Sphagnum grown without HCO3

−, the number
f capitula increased by approximately 15–20% during the exper-

ment, while mosses that grew under HCO3

−-rich conditions had
 50–67% lower number of capitula at the end of the experiment
han at the beginning (data not shown). Addition of HCO3

− resulted
n a higher N-content (P < 0.001; F = 13.805) and a lower K-content

ig. 3. Fluxes (±SEM) of CH4 (left) and CO2 (right) from bare soils (A and B) and soils co
ith  a water layer with or without addition of P and/or HCO3

− . Note different scales for t
EMs.  Significant differences between topsoil and subsoils are indicated using asterisks, 

re  indicated using different letters (a, b).
0.29 ± 0.07 0.17 ± 0.09 0.22 ± 0.08
0.09 ± 0.03 0.11 ± 0.01 0.07 ± 0.01

(P < 0.001; F = 116.846) in the mosses, whereas addition of HCO3
−

together with P resulted in a higher P- (P = 0.001; F = 6.402) and
N-content (P < 0.001; F = 22.872) in the moss tissue (Table A1).

3.4. C-dynamics

After four weeks of rewetting, all bare sediments showed a
net emission of both CH4 (Fig. 3a) and CO2 (Fig. 3b). While CO2

emissions were similar for topsoils and subsoils, emission of CH4
was more than 100 times higher for topsoils (P < 0.001; F = 32.191).
This difference was  still observed after 15 weeks of rewetting
(6 of which with Sphagnum cover; P < 0.001; F = 38.848; Fig. 3c),

vered by Sphagnum mosses (C and D). Soils are either topsoils or subsoils, treated
he y-axes. Some treatments show high variation in CH4 diffusion, resulting in large
with *** representing P ≤ 0.001. Significant differences between water treatments
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Fig. 4. Global warming potential (GWP; mean ± SEM) of bare peat soils (A) and soils covered by S. palustre or S. squarrosum (B). Values for bare peat were measured after
6 ere me
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 weeks of experimental treatments, whereas rates for Sphagnum covered soils w
phagnum).  Soils were either topsoils (5–25 cm depth) or subsoils (25–45 cm depth)
n  CO2-equivalents on a mass basis, with CH4 representing 34 CO2-equivalents ove
ndicated with asterisks, with * representing P ≤ 0.05 and ** P ≤ 0.01.

ith CH4 emissions for topsoils reaching average emissions of 0.2
o 1.1 g C m−2 d−1, whereas subsoils showed much lower emis-
ions, with rates of 1.5·10−4 to 2.5·10−3 g C m−2 d−1. After 15 weeks
f rewetting (6 of which with Sphagnum cover), CO2 emissions
ncreased more for topsoils than for subsoils (P < 0.001; F = 31.499;
ig. 3d). While a few subsoils covered with S. palustre showed net
O2-fixation, most subsoils and all topsoils showed a net release of

O2, even when Sphagnum species grew on top.

GWPs of bare soils did not differ significantly, but a
rend (P = 0.097; F = 3.020) was observed indicating higher
WPs (5.73 ± 1.91 CO2-eq m−2 d−1) for topsoils than subsoils

ig. 5. Soil CH4 production rates of topsoils (A) and subsoils (B) treated with differ-
nt water layer compositions (with or without added P and/or HCO3

−), after addition
f  different substrates: H2/CO2 (potential CH4 production), Acetate (potential ace-
oclastic/fermentative CH4 production) or N2 (headspace control). Note different
cales of the y-axis. Significant differences between MPP  substrates or different
ater treatments are indicated with asterisks, with * representing P ≤ 0.05 and **

 ≤ 0.01.
asured after 15 weeks of experimental treatments (6 weeks after introduction of
d with a water layer with or without addition of P and/or HCO3

− . GWP  is expressed
0-year period (IPCC, 2013). Significant differences between topsoil and subsoil are

(2.18 ± 0.34 CO2-eq m−2 d−1; Fig. 4a). After 15 weeks of treat-
ment and introduction of Sphagnum,  topsoils had a much higher
GWP  than subsoils, with average values of 26.94 ± 11.62 and
53.76 ± 9.40 CO2-eq m−2 d−1 for topsoils covered with S. palus-
tre (P = 0.034; F = 4.884) and S. squarrosum (P = 0.001; F = 13.578),
respectively, compared to only −0.40 ± 1.35 and 16.30 ± 2.66 CO2-
eq m−2 d−1 for subsoils covered by the same species (Fig. 4b).

Topsoils contained higher amounts of organic carbon, with sig-
nificantly higher concentrations of TOC in the water layer above
topsoils (P < 0.001; F = 17.619; Table 2) and of DOC in the pore
water of topsoils (P < 0.001; F = 28.263; Table 1). Based on TOC
measurements from the water layer, we  could calculate that
organic carbon fluxes from the sediments were around 1.01 ± 0.16
and 0.41 ± 0.05 g C m−2 d−1 for topsoils and subsoils, respectively
(P = 0.002; F = 12.033; data not shown).

3.5. Methane production potential (MPP)

In line with the overall higher C-fluxes from intact sediments,
MPP  rates were up to 99% higher in topsoils than subsoils (P < 0.001;
F = 31.646; Fig. 5a and b). Incubations of homogenised soils without
substrate addition (Control headspace) showed a 10-fold increase
in CH4 production rates when soils were treated with HCO3

−

(P = 0.033). While addition of acetate increased MPP  (P = 0.014;
F = 4.559) in all topsoil treatments, it had no stimulating effect on
the MPP  of subsoils. Furthermore, combined addition of H2 and CO2
did not stimulate the potential CH4 production for either soil depth.

4. Discussion

4.1. Challenges of rewetting former agricultural peatlands

Peatlands used as arable lands or pastures for a long time have
severely been altered through long-term drainage and fertilisation
(Meyer and Turner, 1992). In order to halt the high C and nutri-
ent losses associated with these changes, rewetting programmes
are being carried out or planned for a growing number of drained
peatlands. Projects include both the restoration of natural wetlands
(Tanneberger and Wichtmann, 2011; Zak and Gelbrecht, 2007) and
the change to alternative, wet agricultural use of peatlands e.g. by
Sphagnum farming (Gaudig et al., 2013; Joosten and Clarke, 2002;
Verhoeven and Setter, 2010). The rewetting of these areas causes a
fast shift from aerobic to anaerobic soil processes in which alterna-

tive terminal electron acceptors are used (Knorr and Blodau, 2009).
Although CO2 and N2O emissions are generally lowered (Salm
et al., 2009), CH4 production is strongly increased. While drained
peatlands show CH4 emission rates of −0.014 to 0.012 g C m−2 d−1
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Hatala et al., 2012; Maljanen et al., 2010; Mander et al., 2012;
alm et al., 2009), pristine peatlands produce 0.0 to 0.2 g C m−2 d−1,
ith some ‘hotspots’ even emitting up to 1.5 g C m−2 d−1 (Bartlett

nd Harriss, 1993; Drewer et al., 2010; Saarnio et al., 2007). So
ar, however, most studies have focused on oligotrophic bogs and
ristine fens, reporting CH4 fluxes up to 0.07 g C m−2 d−1 (Beetz
t al., 2013; Green et al., 2014; Mander et al., 2010; Moore and
nowles, 1989; Wilson et al., 2013), while few have studied the
ffects of rewetting for eutrophic peatlands. The CH4 fluxes we
howed for rewetted, former agricultural soils, ranging from 0.05 to
.03 (median 0.16) g C m−2 d−1, are comparable to rates of 0.05 to
.30 g C m−2 d−1 found in other fertilised peatlands (Hendriks et al.,
007; Schrier-Uijl et al., 2010; van de Riet et al., 2013).

Since CH4 is a much more potent GHG than CO2, it will strongly
nfluence the global warming potential (GWP) of rewetted areas.
WPs of drained and degraded peatlands range from 188 to
230 CO2-eq m−2 yr−1 (Beetz et al., 2013; Lamers et al., 2015; Salm
t al., 2009; Teh et al., 2011), whereas pristine systems generally
how lower GWPs of −196 to 685 CO2-eq m−2 yr−1 (Byrne et al.,
004; Long et al., 2010; Olson et al., 2013). We  here show high GWP
ates of 760 to 2253 CO2-eq m−2 yr−1 (based on an 8-month grow-
ng season) after rewetting of a former agricultural peatland, due
o high CH4 emission. In addition, C losses through DOC production
nd mobilisation accounted for 35–55% of the total C loss in our sys-
em and showed high average rates of around 1 g C m−2 d−1. These
ates are on par with the daily CO2 fluxes from these soils, indicat-
ng a substantial, but often overlooked role of DOC loss in the total

 emissions in these systems (Fenner et al., 2007; Freeman et al.,
001; Kalbitz et al., 2000).

In addition to high C losses and a high GWP, we  showed a strong
ncrease in plant-available N and P after rewetting as a result of

obilisation from the nutrient loaded soils, which is in accordance
ith observations in similar rewetted soils (van de Riet et al., 2013;

ak and Gelbrecht, 2007). While N can easily be mobilised under
erobic conditions during agricultural use, P is usually immobilised
n Fe P complexes. In the absence of O2 after rewetting, how-
ver, Fe3+ is reduced and previously Fe-bound P is mobilised to the
ater layer (Smolders et al., 2006), especially when Fe:P ratios of

he sediment are below 10 mol  mol−1 (Geurts et al., 2008), as was
ndeed the case for the topsoils in our experiment. This mobilisa-
ion of P and N resulted in a higher occurrence of algae and may,
n a field situation, also favour the growth of fast-growing vascular
lants, such as Juncus spp. (Aggenbach et al., 2013; Berendse et al.,
001; Smolders et al., 2008). As expected, eutrophication-related
roblems were further stimulated when P-rich water was used for
ewetting, whereas an alkalinity characteristic of minerotrophic
urface water stimulated additional P release and simultaneously
oubled CO2 emission rates. The latter effect may  be caused by
ompetition for anion binding sites (Roelofs, 1991; Smolders et al.,
006) and enhanced decomposition rates (Lamers et al., 2015).

.2. Topsoil removal strongly reduces C and nutrient emissions
fter rewetting

Topsoil removal resulted in 99% reduction in net CH4 emis-
ion rates. While topsoils showed very high potential CH4
roduction rates, with values up to 325 �mol  CH4 m−3 s−1 for fer-
entative CH4 production, these rates decreased to 0.03 and

.10 �mol  CH4 m−3 s−1 after topsoil removal and thus fall within
he range of 0.01 to 10 �mol  CH4 m−3 s−1 reported in literature
Segers, 1998). This strong reduction results from limited organic

ubstrate (acetate) and P availability for methanogen communities
ue to the lower availability of easily degradable organic matter
nd nutrients in the subsoil (Tomassen et al., 2003; Updegraff et al.,
995; Yavitt et al., 1997).
gineering 84 (2015) 159–168 165

In addition to the strong reduction in CH4 emission, GWPs and
DOC fluxes were also reduced by 50–70% and 60%, respectively. Fur-
thermore, topsoil removal was shown to reduce the mobilisation
of dissolved N and P by 80% and 93%, respectively. This will prevent
algal blooms and dominance of highly competitive vascular vege-
tation, which makes the environment more suitable for growth of
peat-forming Sphagnum spp. (Emsens et al., 2015).

4.3. Water quality and Sphagnum growth: Bicarbonate toxicity

Although we show net effluxes of both CH4 and CO2 from
soils with dense Sphagnum cover, these mosses are potentially
strong peat-forming species that can sequester large amounts of
C as recalcitrant organic matter. Based on the biomass increase
in our experiment, the net primary production (NPP) of both
Sphagnum species was  around 90–500 g DW m−2 yr−1. Although
the NPP of other peat-forming species, such as P. australis, may
be higher, with rates around 300–1300 g DW m−2 yr−1 (Brix et al.,
2001; Christensen et al., 2009), litter of these species also decom-
poses much faster and more completely, with an average mass
loss of around 60% yr−1 (Christensen et al., 2009; Kirschner et al.,
2001). Sphagnum mosses, on the other hand, have mass loss rates
that only range from 5 to 20% yr−1 (Clymo, 1965; Coulson and
Butterfield, 1978; Limpens and Berendse, 2003; Verhoeven and
Toth, 1995). Furthermore, they actively slow down decomposition
processes by the production of acids. Under these circumstances,
average C sequestration rates for Sphagnum range from 28 to
240 g C m−2 yr−1 (Gerdol, 1995; Graf and Rochefort, 2009; Hajek,
2009; Samaritani et al., 2011), whereas those for P. australis range
from 30 to 160 g C m−2 yr−1 (assuming an average C-content of 40%
for both species; Kirschner et al., 2001; Longhi et al., 2008). In our
study, C fixation rates of 386–663 and 121–349 g C m−2 yr−1 were
reached by S. squarrosum and S. palustre, respectively, based on
the increase in DW biomass and assuming a growing season of 8
months. Despite these high C fixation rates, the acidification by
Sphagnum spp. has been shown to initially result in a net C-efflux,
due to the transformation of HCO3

− into CO2 (Harpenslager et al.,
2015).

Both moss species grew better on topsoils than subsoils, but
only when rewetted with water without HCO3

−. This was most
likely due to the higher availability of nutrients on topsoils. S.
squarrosum grew 2–5 times faster and fixed 2–3 times more C
than S. palustre, especially on topsoils. The high nutrient availabil-
ity may  have favoured the growth of S. squarrosum (Clymo, 1973;
Kooijman and Bakker, 1995), but this may  also have been related
to higher C availability (20 times higher HCO3

− concentrations) in
topsoils. S. squarrosum is more resistant to higher pH than S. palus-
tre (Clymo, 1973), and its high acidification potential (Giller and
Wheeler, 1988; Kooijman and Bakker, 1995) may counteract neg-
ative effects of HCO3

− by its conversion into CO2 (Harpenslager
et al., 2015). This may  also explain the higher CO2 fluxes observed
for soils covered with S. squarrosum. After 3–4 weeks, however,
both S. squarrosum and S. palustre showed reduced growth and
vitality upon increasing HCO3

− levels, resulting in dying, algae cov-
ered mosses In a field situation, the huge nutrient stocks will also
stimulate development of dense stands of fast growing vascular
vegetation, which will eventually out-compete Sphagnum mosses
(Aggenbach et al., 2013; Berendse et al., 2001; Smolders et al., 2008)
and thereby hamper C sequestration. This implies that Sphagnum
growth will also benefit from topsoil removal.
5. Conclusion

Rewetting former agricultural peatlands halts land subsidence,
but simultaneously results in strongly enhanced emissions of GHG
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nd nutrients. Removal of the nutrient-rich topsoil before rewet-
ing strongly improves the prospects of restoring the C balance in
hese soils by strongly reducing eutrophication (by 80–95%), DOC

obilisation (60%), CH4 emission (99%) and GWP  (50–70%). This
ot only results in lower C losses, but also prevents algal blooms
nd monocultures of fast-growing plants, improving the regrowth
f peat forming Sphagnum vegetation and subsequent restoration
f C sequestration. Although removal of the topsoil of an already
ubsiding system may  appear undesirable, we here show that the
emaining subsoil will provide more suitable conditions for peat
egrowth than the nutrient rich topsoils. The removed topsoils

hould subsequently be used in drained, subsiding peatlands that
re still being used for agriculture, since this may  help to main-
ain traditional agriculture on these fields by increasing the surface
evel. This will also allow the establishment of higher water lev-

able A1
rowth characteristics and mineral contents (mean ± SEM) of S. palustre (PAL) and S. squ
dded  P and/or HCO3

− . Significant differences between topsoil and subsoil are indicated
reatments are indicated with different letters (a, b, c). Differences between Sphagnum sp

Characteristic Unit Soil Control +P 

PAL SQU PAL 

Photosynthetic rate
(SQU  > PAL**)

�mol O2 gDW−1 h−1 Topsoil 86.9b ± 12.8 91.7b ± 27.0 52
Subsoil  40.6b ± 12.4 69.8b ± 7.0 54

Final  no. of capitula
(SQU  > PAL***)

Topsoil*** 81b ± 20 104b ± 9 7
Subsoil  71b ± 9 89b ± 6 7

Moss  length mm Topsoil*** 74.8b ± 5.7 77.2b ± 4.4 74
Subsoil  70.4b ± 3.0 68.9b ± 4.0 71

pH  vegetation Topsoil 5.7a ± 0.6 5.3a ± 0.1 5
Subsoil  4.6a ± 0.1 5.0a ± 0.3 4

N:P g  g−1 Topsoil 4.55a ± 1.81 1.68a ± 0.18 1.1
Subsoil  4.78a ± 1.31 1.38a ± 0.11 1.6

N:K g  g−1 Topsoil 6.55 ± 1.27 5.95 ± 0.78 5.
Subsoil** 10.00 ± 2.99 7.91 ± 1.12 8.

K:P
Subsoil** 3.25c ± 1.51 5.92c ± 1.08 5.2

N �mol  gDW−1 Topsoil** 1020a ± 112 845a ± 26 962
Subsoil  1157a ± 149 777a ± 54 942

P �mol  gDW−1 Topsoil*** 78.0a ± 13.9 68.5a ± 11.4 100.7
Subsoil  79.5a ± 30.4 49.8a ± 13.0 55.0

K �mol  gDW−1 Topsoil 144.0b ± 61.0 188.5b ± 25.9 294
Subsoil  99.0b ± 15.6 204.7b ± 15.3 220

PAM Topsoil  0.542b ± 0.039 0.627b ± 0.008 0.56
Subsoil  0.606b ± 0.034 0.634b ± 0.025 0.60
gineering 84 (2015) 159–168

els in restored peatlands without increasing flooding risks of the
surrounding agricultural area.
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Appendix A.

Table A1.

arrosum (SQU) grown on topsoils or subsoils, with a water layer with and without
 with asterisks, ** P ≤ 0.01 and *** P ≤ 0.001. Significant differences between water
ecies are indicated in the first column by asterisks, similarly to soil effects.

+HCO3
− +P/+HCO3

−

SQU PAL SQU PAL SQU

.3b ± 5.6 99.6b ± 22.9 39.8a ± 9.6 83.4a ± 23.1 33.8a ± 3.9 48.6a ± 13.2

.3b ± 8.4 82.2b ± 16.6 42.3a ± 15.3 31.6a ± 9.1 26.5a ± 20.7 53.7a ± 21.8

7b ± 13 108b ± 14 22a ± 2 35a ± 4 20a ± 4 45a ± 22
6b ± 10 94b ± 9 22a ± 4 50a ± 13 27a ± 8 39a ± 13

.0b ± 3.4 72.8b ± 3.5 39.7a ± 2.9 33.7a ± 1.1 36.6a ± 1.2 34.9a ± 3.9

.2b ± 3.6 69.5b ± 3.1 35.7a ± 1.2 36.0a ± 3.6 31.1a ± 1.7 32.6a ± 7.7

.1a ± 0.1 5.2a ± 0.1 6.2b ± 0.2 6.2b ± 0.3 6.9b ± 0.5 6.6b ± 0.2

.8a ± 0.2 4.7a ± 0.2 6.3b ± 0.6 6.8b ± 0.6 7.1b ± 0.9 7.2b ± 1.1

9a ± 0.11 1.34a ± 0.17 4.24b ± 1.63 6.23b ± 0.83 8.47b ± 1.10 8.12b ± 0.84
5a ± 0.26 1.32a ± 0.26 4.58b ± 2.04 5.61b ± 1.03 6.72b ± 1.18 7.65b ± 0.34

10 ± 1.31 5.27 ± 0.89 5.39 ± 0.44 4.48 ± 0.36 7.64 ± 1.86 5.56 ± 0.46
30 ± 0.96 5.77 ± 1.28 6.93 ± 0.58 7.09 ± 2.04 7.50 ± 1.18 5.75 ± 0.34

0c ± 0.61 4.32c ± 0.40 2.62b ± 1.10 1.52b ± 0.49 1.24a ± 0.40 0.76a ± 0.07

a,b ± 49 969a,b ± 57 1099b ± 77 1177b ± 47 1230c ± 89 1340c ± 115
a,b ± 77 780a,b ± 48 1098b ± 123 922b ± 132 998c ± 188 1109c ± 85

a,b ± 21.5 90.8a,b ± 15.7 94.3a,b ± 9.3 120.2a,b ± 9.8 83.6b ± 15.2 109.6b ± 7.6
a,b ± 11.5 73.4a,b ± 20.0 80.0a,b ± 13.5 61.1a,b ± 11.9 77.9b ± 26.7 86.9b ± 2.62

.3b ± 18.3 273.4b ± 35.8 166.0a ± 63.4 71.4a ± 9.4 54.3a ± 6.2 60.7a ± 6.7

.7b ± 35.6 237.3b ± 44.8 172.0a ± 70.0 63.2a ± 9.0 53.9a ± 3.9 52.5a ± 5.3

5b ± 0.015 0.648b ± 0.019 0.626a ± 0.046 0.503a ± 0.062 0.493a ± 0.069 0.467a ± 0.058
9b ± 0.027 0.644b ± 0.016 0.554a ± 0.050 0.414a ± 0.082 0.529 ± 0.031 0.397a ± 0.109



ical En

R

A

A

A

A
A

B

B

B

B

B

B

B

B

C

C

C

C

C

C

C

D

E

E

F

F

F

F

G

G

G

G

G

G

S.F. Harpenslager et al. / Ecolog

eferences

erts, R., Toet, S., 1997. Nutritional controls on carbon dioxide and methane emission
from Carex-dominated peat soils. Soil Biol. Biochem. 29, 1683–1690.

ggenbach, C.J.S., Backx, H., Emsens, W.J., Grootjans, A.P., Lamers, L.P.M., Smolders,
A.J.P., Stuyfzand, P.J., Wolejko, L., Van Diggelen, R., 2013. Do high iron concen-
trations in rewetted rich fens hamper restoration? Preslia 85, 405–420.

lm, J., Schulman, L., Walden, J., Nykänen, H., Martikainen, P.J., Silvola, J., 1999. Car-
bon  balance of a boreal bog during a year with an exceptionally dry summer.
Ecology 80, 161–174.

ndrus, R.E., 1986. Some aspects of Sphagnum ecology. Can. J. Bot. 64, 416–426.
rmentano, T.V., 1980. Drainage of organic soils as a factor in the world carbon-cycle.

Bioscience 30, 825–830.
artlett, K.B., Harriss, R.C., 1993. Review and assessment of methane emissions from

wetlands. Chemosphere 26, 261–320.
eetz, S., Liebersbach, H., Glatzel, S., Jurasinski, G., Buczko, U., Hoper, H., 2013. Effects

of  land use intensity on the full greenhouse gas balance in an Atlantic peat bog.
Biogeosciences 10, 1067–1082.

elyea, L.R., Malmer, N., 2004. Carbon sequestration in peatland: patterns and mech-
anisms of response to climate change. Global Change Biol. 10, 1043–1052.

erendse, F., Van Breemen, N., Rydin, H., Buttler, A., Heijmans, M., Hoosbeek, M.R.,
Lee,  J.A., Mitchell, E., Saarinen, T., Vasander, H., Wallen, B., 2001. Raised atmo-
spheric CO2 levels and increased N deposition cause shifts in plant species
composition and production in Sphagnum bogs. Global Change Biol. 7, 591–598.

ox, J.D., 1983. Investigation of the folin-ciocalteau phenol reagent for the determi-
nation of polyphenolic substances in natural-waters. Water Res. 17, 511–525.

rix, H., Sorrell, B.K., Lorenzen, B., 2001. Are Phragmites-dominated wetlands a net
source or net sink of greenhouse gases? Aquat. Bot. 69, 313–324.

rock, M.A., Smith, R.G.B., Jarman, P.J., 1999. Drain it, dam it- alteration of water
regime in shallow wetlands on the New England Tableland of New South Wales,
Australia. Wetlands Ecol. Manage. 7, 37–46.

yrne, K., Chojnicki, B., Christensen, T., Drösler, M.,  Freibauer, A., Friborg, T., Frolking,
S.,  Lindroth, A., Mailhammer, J., Malmer, N., 2004. EU peatlands: current carbon
stocks and trace gas fluxes. CarboEurope-GHG Concerted Action—Synthesis of
the  European Greenhouse Gas Budget, Report 4.

ampeau, S., Rochefort, L., 1996. Sphagnum regeneration on bare peat surfaces: field
and greenhouse experiments. J. Appl. Ecol. 33, 599–608.

arter, M.R., Gregorich, E.G., 2007. Soil Sampling and Methods of Analysis. CRC Press
Inc, Boca Raton, FL, USA.

hristensen, J.R., Crumpton, W.G., Valk, A.G., 2009. Estimating the breakdown and
accumulation of emergent macrophyte litter: a mass-balance approach. Wet-
lands 29, 204–214.

lymo, R.S., 1963. Ion exchange in Sphagnum and Its relation to bog ecology. Ann.
Bot. 27, 309-&.

lymo, R.S., 1965. Experiments on breakdown of Sphagnum in two  bogs. J. Ecol. 53,
747–758.

lymo, R.S., 1973. Growth of Sphagnum—some effects of environment. J. Ecol. 61,
849–869.

oulson, J.C., Butterfield, J., 1978. An investigation of the biotic factors determining
the  rates of plant decomposition on blanket bog. J. Ecol. 66, 631–650.

rewer, J., Lohila, A., Aurela, M.,  Laurila, T., Minkkinen, K., Penttila, T., Dinsmore, K.J.,
Mckenzie, R.M., Helfter, C., Flechard, C., Sutton, M.A., Skiba, U.M., 2010. Compar-
ison of greenhouse gas fluxes and nitrogen budgets from an ombotrophic bog in
Scotland and a minerotrophic sedge fen in Finland. Eur. J. Soil Sci. 61, 640–650.

msens, J.W., Aggenbach, C.J.S., Smolders, A.J.P., Van Diggelen, R., 2015. Topsoil
removal in degraded rich fens: can we force an ecosystem reset? Ecol. Eng. 77,
225–232.

ttwig, K.F., Shima, S., van de Pas-Schoonen, K.T., Kahnt, J., Medema, M.H., op den
Camp, H.J.M., Jetten, M.S.M., Strous, M.,  2008. Denitrifying bacteria anaerobically
oxidize methane in the absence of Archaea. Environ. Microbiol. 10, 3164–3173.

enner, N., Freeman, C., Lock, M.A., Harmens, H., Reynolds, B., Sparks, T., 2007. Inter-
actions between elevated CO2 and warming could amplify DOC exports from
peatland catchments. Environ. Sci. Technol. 41, 3146–3152.

iedler, S., Sommer, M.,  2000. Methane emissions, groundwater levels and redox
potentials of common wetland soils in a temperate-humid climate. Global Bio-
geochem. Cycles 14, 1081–1093.

oley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S.,
Coe, M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A.,
Kucharik, C.J., Monfreda, C., Patz, J.A., Prentice, I.C., Ramankutty, N., Snyder, P.K.,
2005. Global consequences of land use. Science 309, 570–574.

reeman, C., Evans, C.D., Monteith, D.T., Reynolds, B., Fenner, N., 2001. Export of
organic carbon from peat soils. Nature 412, 785.

audig, G., Fengler, F., Krebs, M.,  Prager, A., Schulz, J., Wichmann, S., Joosten, H., 2013.
Sphagnum farming in Germany—a review of progress. Mires Peat 13, 1–11.

erdol, R., 1995. The growth dynamics of Sphagnum based on field measurements
in  a temperate bog and on laboratory cultures. J. Ecol. 83, 431–437.

eurts, J.J.M., Smolders, A.J.P., Verhoeven, J.T.A., Roelofs, J.G.M., Lamers, L.P.M., 2008.
Sediment Fe:PO4 ratio as a diagnostic and prognostic tool for the restoration of
macrophyte biodiversity in fen waters. Freshwater Biol. 53, 2101–2116.

iller, K.E., Wheeler, B.D., 1988. Acidification and succession in a flood-plain mire in
the Norfolk Broadland, UK. J. Ecol. 76, 849–866.
orham, E., 1991. Northern peatlands—role in the carbon cycle and probable
responses to climatic warming. Ecol. Appl. 1, 182–195.

raf, M., Rochefort, L., 2009. Examining the peat-accumulating potential of fen veg-
etation in the context of fen restoration of harvested peatlands. Ecoscience 16,
158–166.
gineering 84 (2015) 159–168 167

Grasshof, K., Johannse, H.,  1972. New sensitive and direct method for automatic
determination of ammonia in seawater. J. Cons. 34, 516–521.

Green, S.M., Baird, A.J., Boardman, C.P., Gauci, V., 2014. A mesocosm study of the
effect of restoration on methane (CH4) emissions from blanket peat. Wetlands
Ecol. Manage. 22, 523–537.

Grootjans, A.P., Bakker, J.P., Jansen, A.J.M., Kemmers, R.H., 2002. Restoration of brook
valley meadows in The Netherlands. Hydrobiologia 478, 149–170.

Hajek, M.,  Horsak, M.,  Hajkova, P., Dite, D., 2006. Habitat diversity of central Euro-
pean fens in relation to environmental gradients and an effort to standardise fen
terminology in ecological studies. Perspect. Plant Ecol. 8, 97–114.

Hajek, T., 2009. Habitat and species controls on Sphagnum production and decom-
position in a mountain raised bog. Boreal Environ. Res. 14, 947–958.

Hajek, T., Adamec, L., 2009. Mineral nutrient economy in competing species of Sphag-
num mosses. Ecol. Res. 24, 291–302.

Harpenslager, S.F., Van Dijk, G., Kosten, S., Roelofs, J.G.M., Smolders, A.J.P., Lamers,
L.P.M., 2015. Simultaneous high C fixation and high C emissions in Sphagnum
mires. Biogeosciences 12, 4739–4749.

Hatala, J.A., Detto, M.,  Sonnentag, O., Deverel, S.J., Verfaillie, J., Baldocchi, D.D., 2012.
Greenhouse gas (CO2, CH4, H2O) fluxes from drained and flooded agricultural
peatlands in the Sacramento-San Joaquin Delta. Agric. Ecosyst. Environ. 150,
1–18.

Hendriks, D.M.D., van Huissteden, J., Dolman, A.J., van der Molen, M.K., 2007. The
full greenhouse gas balance of an abandoned peat meadow. Biogeosciences 4,
411–424.

Henriksen, A., 1965. An automated method for determining low-level concentra-
tions of phosphate in fresh and saline waters. Analyst 90, 29–34.

Hoeksema, R.J., 2007. Three stages in the history of land reclamation in The
Netherlands. Irrig. Drain. 56, S113–S126.

Hooijer, A., Page, S., Jauhiainen, J., Lee, W.A., Lu, X.X., Idris, A., Anshari, G.,  2012.
Subsidence and carbon loss in drained tropical peatlands. Biogeosciences 9,
1053–1071.

IPCC, 2013. In: Stocker, T.F., Qin, D., Plattner, G.-K., Tignor, M., Allen, S.K., Boschung, J.,
Nauels, A., Xia, Y., Bex, V., Midgley, P.M. (Eds.), Climate Change 2013: The Physical
Science Basis. Contribution of Working Group I to the Fifth Assessment Report
of  the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.

Joosten, H., 2009. The Global Peatland CO2 Picture. Peatland Status and Emissions in
All  Countries of the World. Wetlands International, Ede, The Netherlands.

Joosten, H., Clarke, D., 2002. Wise Use of Mires and Peatlands. International Mire
Conservation Group and International Peat Society;, Saarijärvi, Finland.

Kalbitz, K., Solinger, S., Park, J.H., Michalzik, B., Matzner, E., 2000. Controls on
the dynamics of dissolved organic matter in soils: a review. Soil Sci. 165,
277–304.

Kamphake, L.J., Hannah, S.A., Cohen, J.M., 1967. Automated analysis for nitrate by
hydrazine reduction. Water Res. 1, 205-&.

Kirschner, A.K.T., Riegl, B., Velimirov, B., 2001. Degradation of emergent and
submerged macrophytes in an oxbow lake of an embanked backwater sys-
tem: implications for the terrestrialization process. Int. Rev. Hydrobiol. 86,
555–571.

Knorr, K.H., Blodau, C., 2009. Impact of experimental drought and rewetting on redox
transformations and methanogenesis in mesocosms of a northern fen soil. Soil
Biol. Biochem. 41, 1187–1198.

Kooijman, A.M., Bakker, C., 1995. Species replacement in the bryophyte layer in
mires—the role of water type, nutrient supply and interspecific interactions. J.
Ecol. 83, 1–8.

Lai, D.Y.F., 2009. Methane dynamics in Northern peatlands: a review. Pedosphere
19,  409–421.

Lamers, L.P.M., Farhoush, C., Van Groenendael, J.M., Roelofs, J.G.M., 1999. Calcare-
ous  groundwater raises bogs; the concept of ombrotrophy revisited. J. Ecol. 87,
639–648.

Lamers, L.P.M., Smolders, A.J.P., Roelofs, J.G.M., 2002. The restoration of fens in The
Netherlands. Hydrobiologia 478, 107–130.

Lamers, L.P.M., Vile, M.A., Grootjans, A.P., Acreman, M.C., Van Diggelen, R., Evans,
M.G., Richardson, C.J., Rochefort, L., Kooijman, A.M., Roelofs, J.G.M., Smolders,
A.J.P., 2015. Ecological restoration of rich fens in Europe and North America:
from trial and error to an evidence-based approach. Biol. Rev. 90, 182–203.

Limpens, J., Berendse, F., 2003. How litter quality affects mass loss and N loss from
decomposing Sphagnum. Oikos 103, 537–547.

Long, K.D., Flanagan, L.B., Cai, T., 2010. Diurnal and seasonal variation in methane
emissions in a northern Canadian peatland measured by eddy covariance. Global
Change Biol. 16, 2420–2435.

Longhi, D., Bartoli, M.,  Viaroli, P., 2008. Decomposition of four macrophytes in
wetland sediments: organic matter and nutrient decay and associated benthic
processes. Aquat. Bot. 89, 303–310.

Maljanen, M.,  Sigurdsson, B.D., Guomundsson, J., Oskarsson, H., Huttunen, J.T., Mar-
tikainen, P.J., 2010. Greenhouse gas balances of managed peatlands in the Nordic
countries—present knowledge and gaps. Biogeosciences 7, 2711–2738.

Mander, U., Jarveoja, J., Maddison, M.,  Soosaar, K., Aavola, R., Ostonen, I., Salm, J.O.,
2012. Reed canary grass cultivation mitigates greenhouse gas emissions from
abandoned peat extraction areas. GCB Bioenergy 4, 462–474.

Mander, U., Uuemaa, E., Kull, A., Kanal, A., Maddison, M.,  Soosaar, K., Salm, J.O., Lesta,

M.,  Hansen, R., Kuller, R., Harding, A., Augustin, J., 2010. Assessment of methane
and  nitrous oxide fluxes in rural landscapes. Landscape Urban Plan. 98, 172–181.

Meckel, T.A., ten Brink, U.S., Williams, S.J., 2006. Current subsidence rates due to
compaction of Holocene sediments in southern Louisiana. Geophys. Res. Lett.
33.

http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0005
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0010
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0015
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0020
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0025
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0030
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0035
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0040
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0045
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0050
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0055
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0060
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0065
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0070
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0075
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0080
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0085
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0090
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0095
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0100
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0105
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0110
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0115
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0120
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0125
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0130
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0135
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0140
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0145
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0150
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0155
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0160
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0165
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0170
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0175
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0180
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0185
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0190
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0195
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0200
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0205
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0210
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0215
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0220
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0225
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0230
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0235
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0240
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0245
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0250
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0255
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0260
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0265
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0270
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0275
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0280
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0285
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0290
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0295
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0300
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0305
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0310
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0315
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0320


1 ical En

M

M

N

O

O

O

P

R

R

R

S

S

S

S

S

S

S

S

S

68 S.F. Harpenslager et al. / Ecolog

eyer, W.B., Turner, B.L., 1992. Human-population growth and global land-use cover
change. Annu. Rev. Ecol. Syst. 23, 39–61.

oore, T.R., Knowles, R., 1989. The influence of water-table levels on methane and
carbon-dioxide emissions from peatland soils. Can. J. Soil Sci. 69, 33–38.

ykänen, H., Alm, J., Lang, K., Silvola, J., Martikainen, P.J., 1995. Emissions of CH4, N2O
and CO2 from a virgin fen and a fen drained for grassland in Finland. J. Biogeogr.
22, 351–357.

lsen, S.R., Cole, C.V., Watanabe, F.S., Dean, L.A., 1954. In: Agriculture U.S.D.O. (Ed.),
Estimation of Available Phosphorus in Soils by Extraction with Sodium Bicar-
bonate. Agriculture U.S.D.O., Washington, DC.

lson, D.M., Griffis, T.J., Noormets, A., Kolka, R., Chen, J., 2013. Interannual, sea-
sonal, and retrospective analysis of the methane and carbon dioxide budgets
of  a temperate peatland. J. Geophys. Res.—Biogeosci. 118, 226–238.

venden, G.N., Swash, A.R.H., Smallshire, D., 1998. Agri-environment schemes and
their contribution to the conservation of biodiversity in England. J. Appl. Ecol.
35,  955–960.

atrick, W.H., Khalid, R.A., 1974. Phosphate release and sorption by soils
and sediments—effect of aerobic and anaerobic conditions. Science 186,
53–55.

obroek, B.J.M., van Ruijven, J., Schouten, M.G.C., Breeuwer, A., Crushell, P.H.,
Berendse, F., Limpens, J., 2009. Sphagnum re-introduction in degraded peatlands:
the effects of aggregation, species identity and water table. Basic Appl. Ecol. 10,
697–706.

oelofs, J.G.M., 1991. Inlet of alkaline river water into peaty lowlands: effects on
water quality and Stratiotes aloides L. stands. Aquat. Bot. 39, 267–293.

upp, H., Meissner, R., Leinweber, P., 2004. Effects of extensive land use and re-
wetting on diffuse phosphorus pollution in fen areas—results from a case
study in the Dromling catchment, Germany. J. Plant Nutr. Soil Sci. 167,
408–416.

aarnio, S., Morero, M.,  Shurpali, N.J., Tuittila, E.S., Makila, M.,  Alm, J., 2007. Annual
CO2 and CH4 fluxes of pristine boreal mires as a background for the lifecycle
analyses of peat energy. Boreal Environ. Res. 12, 101–113.

alm, J.O., Kimmel, K., Uri, V., Mander, U., 2009. Global warming potential
of  drained and undrained peatlands in Estonia: a synthesis. Wetlands 29,
1081–1092.

amaritani, E., Siegenthaler, A., Yli-Petays, M., Buttler, A., Christin, P.A., Mitchell,
E.A.D., 2011. Seasonal net ecosystem carbon exchange of a regenerating cutaway
bog: how long does it take to restore the C-sequestration function? Restor. Ecol.
19, 480–489.

chrier-Uijl, A.P., Kroon, P.S., Leffelaar, P.A., van Huissteden, J.C., Berendse, F., Vee-
nendaal, E.M., 2010. Methane emissions in two  drained peat agro-ecosystems
with high and low agricultural intensity. Plant Soil 329, 509–520.

egers, R., 1998. Methane production and methane consumption: a review of pro-
cesses underlying wetland methane fluxes. Biogeochemistry 41, 23–51.

ilvola, J., Alm, J., Ahlholm, U., Nykanen, H., Martikainen, P.J., 1996. CO2 fluxes from
peat in boreal mires under varying temperature and moisture conditions. J. Ecol.
84,  219–228.

molders, A.J.P., Lamers, L.P.M., Lucassen, E.C.H.E.T., Van der Velde, G., Roelofs, J.G.M.,
2006. Internal eutrophication: how it works and what to do about it—a review.
Chem. Ecol. 22, 93–111.

molders, A.J.P., Lucassen, E.C.H.E.T., van der Aalst, M., Lamers, L.P.M., Roelofs, J.G.M.,
2008. Decreasing the abundance of Juncus effusus on former agricultural lands

with noncalcareous sandy soils: possible effects of liming and soil removal.
Restor. Ecol. 16, 240–248.

molders, A.J.P., Tomassen, H.B.M., Van Mullekom, M.,  Lamers, L.P.M., Roelofs, J.G.M.,
2003. Mechanisms involved in the re-establishment of Sphagnum-dominated
vegetation in rewetted bog remnants. Wetlands Ecol. Manage. 11, 403–418.
gineering 84 (2015) 159–168

Syvitski, J.P.M., Kettner, A.J., Overeem, I., Hutton, E.W.H., Hannon, M.T., Brakenridge,
G.R., Day, J., Vorosmarty, C., Saito, Y., Giosan, L., Nicholls, R.J., 2009. Sinking deltas
due  to human activities. Nat. Geosci. 2, 681–686.

Tanneberger, F., Wichtmann, W.,  2011. Carbon Credits from Peatland Rewetting:
Climate, Biodiversity, Land Use. Schweizerbart Science Publishers, Stuttgart.

Teh, Y.A., Silver, W.L., Sonnentag, O., Detto, M.,  Kelly, M.,  Baldocchi, D.D., 2011. Large
greenhouse gas emissions from a temperate peatland pasture. Ecosystems 14,
311–325.

Temmerman, S., Meire, P., Bouma, T.J., Herman, P.M.J., Ysebaert, T., De Vriend, H.J.,
2013. Ecosystem-based coastal defence in the face of global change. Nature 504,
79–83.

Tomassen, H.B.M., Smolders, A.J.P., van Herk, J.M., Lamers, L.P.M., Roelofs, J.G.M.,
2003. Restoration of cut-over bogs by floating raft formation: an experimental
feasibility study. Appl. Veg. Sci. 6, 141–152.

Updegraff, K., Pastor, J., Bridgham, S.D., Johnston, C.A., 1995. Environmental and sub-
strate controls over carbon and nitrogen mineralization in northern Wetlands.
Ecol. Appl. 5, 151–163.

Van Breemen, N., 1995. How Sphagnum bogs down other plants. Trends Ecol. Evol.
10,  270–275.

van de Riet, B.P., Hefting, M.M.,  Verhoeven, J.T.A., 2013. Rewetting drained peat
meadows: risks and benefits in terms of nutrient release and greenhouse gas
exchange. Water Air Soil Pollut. 224.

Van Dijk, J., Stroetenga, M.,  Bos, L., Van Bodegom, P.M., Verhoef, H.A., Aerts, R., 2004.
Restoring natural seepage conditions on former agricultural grasslands does not
lead to reduction of organic matter decomposition and soil nutrient dynamics.
Biogeochemistry 71, 317–337.

van Dijk, J., Stroetenga, M.,  van Bodegom, P.M., Aerts, R., 2007. The contribution of
rewetting to vegetation restoration of degraded peat meadows. Appl. Veg. Sci.
10, 315–324.

Verhoeven, J.T.A., Setter, T.L., 2010. Agricultural use of wetlands: opportunities and
limitations. Ann. Bot. 105, 155–163.

Verhoeven, J.T.A., Toth, E., 1995. Decomposition of Carex and Sphagnum litter in
fens—effect of litter quality and inhibition by living tissue-homogenates. Soil
Biol. Biochem. 27, 271–275.

Waddington, J.M., Day, S.M., 2007. Methane emissions from a peatland following
restoration. J. Geophys. Res.—Biogeosci. 112, 2005–2012.

Waddington, J.M., Rotenberg, P.A., Warren, F.J., 2001. Peat CO2 production in a nat-
ural and cutover peatland: implications for restoration. Biogeochemistry 54,
115–130.

Wilson, D., Farrell, C., Mueller, C., Hepp, S., Renou-Wilson, F., 2013. Rewetted indus-
trial cutaway peatlands in western Ireland: a prime location for climate change
mitigation? Mires Peat 11, 1–22.

Yavitt, J.B., Williams, C.J., Wieder, R.K., 1997. Production of methane and carbon
dioxide in peatland ecosystems across North America: effects of temperature,
aeration, and organic chemistry of pent. Geomicrobiol. J. 14, 299–316.

Yavitt, J.B., Williams, C.J., Wieder, R.K., 2000. Controls on microbial production of
methane and carbon dioxide in three Sphagnum-dominated peatland ecosys-
tems as revealed by a reciprocal field peat transplant experiment. Geomicrobiol.
J.  17, 61–88.

Zak, D., Gelbrecht, J., 2007. The mobilisation of phosphorus, organic carbon and
ammonium in the initial stage of fen rewetting (a case study from NE Germany).
Biogeochemistry 85, 141–151.
Zanello, F., Teatini, P., Putti, M.,  Gambolati, G., 2011. Long term peatland subsidence:
experimental study and modeling scenarios in the Venice coastland. J. Geophys.
Res.—Earth 116.

Zedler, J.B., Kercher, S., 2005. Wetland resources: status, trends, ecosystem services,
and restorability. Annu. Rev. Environ. Resour. 30, 39–74.

http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0325
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0330
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0335
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0340
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0345
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0350
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0355
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0360
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0365
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0370
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0375
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0380
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0385
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0390
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0395
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0400
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0405
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0410
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0415
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0420
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0425
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0430
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0435
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0440
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0445
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0450
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0455
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0460
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0465
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0470
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0475
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0480
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0485
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0490
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0495
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0500
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0505
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0510
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515
http://refhub.elsevier.com/S0925-8574(15)30136-1/sbref0515

	Rewetting former agricultural peatlands: Topsoil removal as a prerequisite to avoid strong nutrient and greenhouse gas emi...
	1 Introduction
	2 Material and methods
	2.1 Experimental set-up
	2.2 Chemical analyses
	2.3 Greenhouse gas flux measurements
	2.4 Plant parameters
	2.5 Statistical analyses

	3 Results
	3.1 Soil characteristics
	3.2 Water and pore water quality
	3.3 Sphagnum growth
	3.4 C-dynamics
	3.5 Methane production potential (MPP)

	4 Discussion
	4.1 Challenges of rewetting former agricultural peatlands
	4.2 Topsoil removal strongly reduces C and nutrient emissions after rewetting
	4.3 Water quality and Sphagnum growth: Bicarbonate toxicity

	5 Conclusion
	Acknowledgements
	References
	Appendix A Appendix


