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Supplementary Results

Text S1: Flow attenuation and subsurface water losses

Substantial discharge attenuation occurred across the reach from January 2022 to January 2023.
Median discharge was higher at upstream (Qus: 0.13 £ 0.11 m® s™!) compared to downstream (Qps:
0.08 £ 0.07 m? s'), which were also reflected in baseflow and peak flow reductions along the reach
(max Qus: 3.40 m® s°'; max QOps: 1.83 m? ). The mean net water loss across the reach was 0.06 + 0.08
m?® 57!, equivalent to 38 + 20% of upstream inflow.

Solving for subsurface losses (Qs) as the residual term in the water balance, subsurface losses are
the dominant water loss pathway. It is possible to estimate from this an effective average infiltration
rate for the entire wetland area (3.6 ha) of 0.15+0.09 m day™'. Whilst this estimate is informative as a
lumped term, it is important to emphasise that, as with many dynamic wetland systems, the actual
water losses are likely distributed across a wider range of hydrological pathways, including saturated
and unsaturated zones, and also extend beyond the visible inundation boundary, particularly during
high-flow events that activate lateral seepage, storage, and even subsequently as evapotranspiration
sources for the surrounding forest. This interpretation is supported by the observed seasonal pattern,
where subsurface losses peaked in autumn, coinciding with low surface water extents and increasing
upstream discharge, conditions consistent with enhanced seepage under drying and draining conditions
(Fig. 1b—c). Although we find that wetland evapotranspiration accounts for less than 1% of total water
loss at the reach scale, it does contribute to the seasonal dynamics of wetland volume, accounting for

~10 — 20% of volume losses during summer.

Supplementary Methods

Text S2: Aquatic vegetation and deadwood biomass carbon analysis

To quantify the spatial distribution and biomass of aquatic vegetation species, multispectral drone
images were collected across the wetland area in January, March, May, August and December 2022.
To separate green biomass from water, deadwood, and bare sediment and soil, multispectral
information was processed into hyperspectral vegetation and water indices. The spatial cover for each
present aquatic species (n = 6; Supplementary Table 3) was analysed using supervised classification
with the ArcGIS Pro (3.3.1) toolboxes Train Support Vector Machine Classifier and Classify Raster,

by manually designating known locations of species to specific vegetation index values. Areal biomass



density for each species was determined in August 2022 by harvesting material from square plots
(0.16 m?) in locations with abundant cover of the sampled species. Dry weight of biomass was
weighed after oven-drying (80 °C, 48 h). Annual C input from aquatic vegetation was calculated from
literature values of C content in dry weight biomass, biomass per area, and the areal cover, for each
species respectively (Supplementary Table 3). The daily distribution of C biomass inputs was inferred
from the distribution of photosynthetically active radiation (PAR) across the year. Specific algal
species were not identified in this study, organic C content was therefore derived from the average
organic C content of three common wetland micro algae (Supplementary Table 3).

The areal cover of deadwood was quantified from drone imagery in January 2022, classified using
the same approach as for aquatic biomass. To separate deadwood from dead reed species, the latter
was manually reclassified based on the true colour orthophoto. The volume of floating deadwood in
water was subsequently estimated using the Surface Volume tool (ArcGIS Pro 3.3.1) as the difference
between water level and protruding deadwood and multiplied by two to account for submerged
volume. Standing deadwood was classified separately by manual counting from orthophotos and its

volume Vgeaawooa (M?), estimated followingly:

heop

Vieadwood = f nr?(h)dh, (D)
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where 7 (m) is the radius of a tree segment, /4 (m) is the length of a tree segment (4.5 m), and /pqse —
hiwp (m) is the tree length interval between base and top. To estimate total C stored in deadwood, we
used dry weight density and organic C % derived from literature values (Supplementary Table 4),
wherein the northern half of wetland were attributed to the average properties of its dominant species
Quercus robur, Fraxinus excelsior, and Alnus glutinosa and the southern half to the properties of

Picea abies.

Text S3: Sediment Rock-Eval pyrolysis analysis

Following field sampling, beaver wetland sediments with permanent (n = 13) and intermittent
inundation (n = 13), pre-beaver wetland sediment (n = 8), and forest soil (n = 8) samples were dried at
30 °C for 48 h and sieved with a 2 mm mesh. Samples with <2 mm grain size were analysed with the
Rock-Eval 7S analyser (Vinci Technologies, France), performing a sequential pyrolysis and oxidation
to quantify hydrocarbon compounds (HC), carbon monoxide (CO) and carbon dioxide (CO,) produced
from thermal cracking of organic matter, and further partitioning organic and inorganic C following
the method of Hazera et al.!. In the pyrolysis step, samples were heated to 200 °C to release volatile
HC compounds (S1 fraction). This was followed by a temperature ramp of 25 °C min™! to 650 °C,

which released larger thermally cracking HC compounds derived from kerogen (S2 fraction). The S1



and S2 fractions were measured with flame ionisation detection. During pyrolysis, release of oxygen-
containing compounds (S3 fraction) was measured as CO and CO; from organic C sources (200 — 550
°C) and CO and CO, from inorganic C sources (550 — 650 °C), with infrared spectroscopy. In the
following oxidation step, samples were heated to 850 °C (25 °C min™), wherein organic C sources of
CO and CO; (200 — 650 °C) were determined as the S4 fraction and inorganic CO and CO> (650 — 850
°C) as the S5 fraction, measured with infrared spectroscopy, respectively.

Total carbon (TC) and total organic carbon (TOC) content was calculated as the sum of total and
organically derived HC, CO, and CO; mass. Total inorganic carbon (TIC) was determined as TC
subtracted by TOC. The TOC was further partitioned into pyrolysable carbon (PC) and residual carbon
(RC), operationally defined as labile organic C (PC) and recalcitrant organic C (RC), where PC =
S1+S2+S3 and RC = S4+S5, excluding the inorganic fractions?. The organic C reactivity was further
determined using the qualitative indices I and R, representing the preservation of labile organic matter
(I-index) and the contribution of recalcitrant C to the total C pool (R-index)’. The I-index was
calculated as the sum of temperature-specific integrated areas under S2 (340—400 °C), S3 (340—400
°C), and S4 (400—460 °C). The R-index was derived from the proportion of the S2 fraction integrated

after 400 °C. Both I- and R-indices were calculated in the Geoworks software (Vinci Technologies).

Text S4: Sediment deposition analysis and long-term C storage

To estimate sediment deposition between the beaver dam establishment in 2010 and 2022, a spatially
resolved sediment depth model (0.5 m tile size) of the wetland was generated from point
measurements of sediment depths. Sediment depths were measured in March 2023 as the penetration
depth of a graduated rod (n = 44) and an Edelman soil corer (n = 25). The penetration method captured
the less consolidated deposits originating from post-beaver dam establishment, as the rod did not
penetrate the denser, underlying pre-beaver A horizon. To interpolate the sediment depths across the
entire wetland, we first generated an explanatory raster with a constant sediment depth based on the
sediment depth in the lower wetland section (1.03 m). In this raster, the diminishing sediment depths
towards the floodplain margins were accounted for by calculating the slope between the top of
upland/levee crests and the flat section of the wetland in the lower section, using GPS measurements.
The floodplain margin slopes were then used to interpolate sediment depths between top of crest (0 m
depth) and the flat surface (1.03 m depth), which were subsequently applied to the entire floodplain
margin boundaries of the wetland. Sediment deposition in the channel was negligible, and the channel
area was therefore excluded from the analysis. To also capture the north-south sediment deposition
pattern, a north-south gradient raster was created as an additional explanatory variable. Spatially
distributed sediment depths were then modelled with the Empirical Bayesian Kriging tool (ArcGIS
Pro 3.3.1), using the constant sediment depth and north-south rasters as explanatory variables,

combined with sediment depth point measurements representing the dependent variable. We used a K-



Bessel semivariogram model and applied log empirical transformation to prevent negative model
outcomes. Finally, the sediment volume of the entire study area was calculated using the Surface
Volume tool (ArcGIS Pro 3.3.1).

To project when the wetland would reach full sediment storage capacity, we assumed a non-linear
(asymptotic) rate of change and modelled annual sediment deposition volumes (Vses; m? yr!) for each

wetland section (US, MS, and DS) with an increasing form of exponential decay accordingly:
Vsea(t) = Viax " (1 — e_k(t_t(])) , (2)

where £ is the rate constant determining the non-linearity in deposition rates, ¢ is time (year), and Vax
(m?) is the maximum sediment volume capacity for respective section. This formulation captures the
rapid initial accumulation followed by decelerating deposition as accommodation space is consumed,
an approach commonly used in both natural and engineered systems where infill rates decline over
time due to geometric or trapping constraints. Observed reductions in sedimentation rate with wetland
age in natural beaver systems* and logarithmic relationships between sediment volume and wetland
age’ further support the use of this asymptotic model. V... was inferred from the sum of cumulative
Vsea estimated in 2022 and the residual sediment storage capacity (Ves). Vies Was determined for each
section by multiplying median wetland water volume in 2022 with the proportion of water area for
each section. At the onset of beaver dam establishment (2010), sediment deposition input was set to
zero. An optimal & for each section was fitted by constraining the curves to Ve and Vieq in 2022
(Supplementary Fig. 5). Complete sediment filling of the wetland was approximated as Vies > 95% of
Vnax Of the entire wetland. Modelled V., for 2022 was subsequently used to infer particulate organic
carbon (POC) deposition in the 2022 C mass balance, assuming a POC content of 10% in fluvial
sediments as they were deposited®.

The long-term projection of C storages was based on deadwood C storage, sediment TOC (PC and
RC) and TIC. Deadwood C mass was assigned as a semi-discreet input; the estimated storage in 2022
was distributed across the three years following beaver dam construction (2010-2012). After 2022,
annual deadwood storage decreased at the rate of measured CO; emissions from dead tree stems.
Annual sediment C storage was determined for each wetland section based on the V., rate, multiplied
by sediment bulk density and respective sediment C contents. To separate the C storage between
permanent and intermittent inundation wetland areas, sediment input into DS were equally split
between permanent and intermittent pools, as the permanent inundation extent corresponded to
approximately half of the DS section area. At an unknown year, we assumed that the accumulated

stable C fractions of RC, TIC, and deadwood C would form the sequestered C pool of the system.

Text S5: Validation of stream discharge estimates

Background ionic strength (Igg), expressed in molar concentration (mol L), was calculated as:



Ige = Xps - EC,

3)
where EC is the electrical conductivity (uS cm™) and Xz is an empirical coefficient that depends on
the ion composition. We used Xzg = 1.5%107 (representing HCO5™-rich waters) for calculating Iz,
based on the ion composition at US and DS measured in conjunction with salt slug releases. For
sensitivity analysis, we also tested Xz = 1.3x107° (representing mixed ion composition), which
resulted in negligible differences in Q estimates (Qus RMSE = 8.20x10*; Ops RMSE = 5.45x10%).
The two Xz coefficients are empirically derived from the relationship between ion composition and

EC of > 6,000 stream measurements in USA”. The ionic strength of the tracer (I7z) was calculated as:
ITR =XTR 'EC, (4)

where X7z is the slope between the ionic strength and EC for NaCl (8.61x107)8. Subsequently, total

ionic strength (It) was calculated as:

It = Irg + Ipg - Q)

Using the estimate of Ir, the molar conductivities (uS cm? mol™') of Na* and CI" ions contributing to
the EC increase were determined as:
=g AT (6)
T 14B-12Y
where 4 is the ionic molar conductivity at 25 °C, A° is the limiting ionic molar conductivity, and 4 and
B are the fitted parameters for respective ions (Ana = 60.76; Bna = 1.7; Aci =49.51, Bci = 1.5). Then,
the increase in molar concentration (mol L) due to NaCl addition was calculated as:

m=

= —, 7
Tva + 2 M

where ECrr is the electrical conductivity response from salt addition, subtracted by background EC,
and A, and A¢; are the molar conductivities of Na* and Cl” ions. Subsequently, m was converted to

mass per volume concentrations of added NaCl (C — Cy; Main text, Equation 1).

Text S6: Water balance analysis
Wetland water balance analysis
We quantified water balance dynamics in the beaver-influenced reach using paired discharge

measurements at upstream (US) and downstream (DS) locations, in conjunction with estimates of



wetland evapotranspiration (ETwetand; m® fortnight ') and surface water storage change (dVverians: m*)

across the wetland area. The water balance was evaluated as:

Swetand _ 04— Qps — ETwertana = Os ®)

where Qus (m? fortnight!) is the upstream discharge, Ops (m* fortnight™) is the downstream discharge,
O, (m? fortnight™!) represents water lost to subsurface pathways (e.g., seepage or infiltration), solved as
a residual term, and ¢ is the fortnightly time step. All terms were estimated at the daily timescale and

integrated to fortnightly values to reduce the noise in daily dV\,eiana €stimates.

Evapotranspiration modelling and water storage change
Evapotranspiration was initially calculated in units of depth over time (ET; mm day™'), using the

Priestley-Taylor energy balance model’:

=) ©)
A+y A A’

ET = apT<

where A is the slope of the vapour pressure curve (kPa °C™), y is the psychrometric constant (kPa °C
1, R, is the net surface radiation (MJ m day™), A is the latent heat of vaporisation (MJ kg™), G is the
heat flux into the water column/sediment (MJ m™ day™') and apr is the Priestley-Taylor coefficient.
The opr coefficient represents the effect of warm and dry air exchange near the water surface®, where
values of apr > 1 denote an increase in vapour pressure deficit, enabled by higher surface resistance.
We used apr = 1, reflecting humid, open-canopy conditions. Data for calculating ET were both
obtained from measurements in the study area (water temperature, air temperature and barometric
pressure) and from MeteoSwiss (relative humidity and global radiance), using data from a nearby
weather station in Marthalen (47.6244 °N, 8.6533 °E; https://www.meteoswiss.admin.ch/services-and-
publications/applications/measurement-values-and-measuring-networks.html#param=messnetz-
partner&table=false).

To resolve the ETyeuand term, acting on the inundated surface, and determine dVieriana, We estimated
daily water surface area and volume using drone-based RGB imagery collected during six surveys in
2022. Water extent for each survey was mapped with supervised classification, using ArcGIS Pro
(3.3.1) toolboxes Train Support Vector Machine Classifier and Classify Raster. Then, water extent at
daily resolution across up-, mid-, and downstream wetland sections were estimated from relationships
between water stage (at DS) and observed water surface area, fitted using linear or logarithmic

regressions (Supplementary Fig. 7). To avoid water surface overestimation, linear relationships were



fitted for the observed range of water surface area. Above this range, another linear regression was
fitted between the maximum observed water surface area and total surface area. For the upstream
wetland section, daily water surface area was fitted with a logarithmic function as this section only
showed limited inundation throughout 2022.

To determine dVierana, total water volume (channel and wetland) was calculated for each of the six
occasions with identified water extents. Water volume was interpolated with the ArcGIS Pro (3.3.1)
toolbox Surface volume, using the relative elevation difference between measured wetland stage and a
0.5 m resolution DEM!°. Determined water volume in the entire study area was validated by its
correlation to total water surface area (R? = 0.94, p < 0.01). Subsequently, daily water volume was
estimated by fitting a logarithmic relationship between water volume and respective water stage at DS
location (Supplementary Fig. 8). The DS location was chosen since it resulted in the best fit to water

volumes.

Text S7: Load estimation and dissolved carbon partitioning

The processing of dissolved C loads was partitioned into biogeochemical removal and production,
wetland storage changes, and subsurface storage/losses. The partitioning was performed on the
fortnightly sum of DIC and DOC loads. Biogeochemical removal and production of dissolved C loads
(dCbio; kg fortnight!) were inferred from concentration changes, representing mass removal not

attributed to passive hydrological removal:

(Cconc_US - Cconc_DS) X Qavg_day (10)

dChio = 1000 ’

where Ceone us and Ceone ps (g m™) are the dissolved C concentrations at upstream and downstream
locations, averaged by fortnight from daily concentrations modelled with Weighted Regressions on
Time, Discharge and Season, Quve day (m* fortnight™) is the averaged discharge at upstream and
downstream locations, and 1000 is a unit conversion factor. Subsequently, dCj;, was partitioned into
DIC removal (dCsi, > 0) and DIC, DOC production (dCpi, < 0). To infer the dissolved C loads stored
or released from wetland surface water, we first determined the changes in dissolved C loads removed
via hydrological processes (dCiyaroiogy; kg fortnight'; Equation 6) and the surface water storage

fraction (dVjciion [-]; Equation 7):

dChydrology = dCior — dCpp » (1)
av, dav,
deTaction = wcel;land/( wcel;land + Qs) , (12)



where dCi, (kg fortnight™) is the total change in dissolved C loads and ¢ is the fortnightly time step.
We finally derived dissolved C loads removed or released from the wetland storage (dCy; kg fortnight

1) and removed via subsurface storage and infiltration (dCy ,; kg fortnight™') followingly:

dCV = dChydrology X deraction (13)

dCQ_s = dChydrology —dCy (14)

Text S8: Stream corridor counterfactual scenario
The counterfactual scenario of the stream corridor C budget was based on a process-based
counterfactual approach, relying on measurements at the study site, regional values of C fluxes, and
known boundary conditions (channel confinement, vegetation composition, pre-2010 topography and
soils) to simulate the “no-beaver” scenario in a mass-conservative framework. To support the revised
C balance of the forested counterfactual scenario, shown in Supplementary Table 1, we assumed a net
primary production (NPP) of 7.0 t C ha™! yr'!, based on reported values for mixed oak-hornbeam forests
(Quercus robur, Carpinus betulus, Fraxinus excelsior) on moderately dry soils such as those of the
Marthalen region. This NPP estimate is admittedly subjective but falls within the range reported for
productive temperate deciduous systems'!*'2, and is slightly higher than the 5.3 t C ha! yr'! observed at
the nearby Neunkirch site, which is dominated by Fagus sylvatica and exhibits lower productivity due
to its closed canopy and species-specific traits!?.

To estimate heterotrophic soil respiration (Ry soit), not accounted for in the NPP value, static
chamber CO» evasion measurements of forest soils (11.2 t C ha! yr'!') was partitioned into Ry s
(6.7t Cha' yr'!) and autotrophic root respiration (Rq root; 4.5 t C ha'! yr!), assuming a Ry root/Ri soil Tatio
= 0.66 consistent with values reported in forest soils'*. To capture total R,, we inferred estimates of
aboveground maintenance and growth respiration (Ra above), derived from standard partitioning
relationships between total Ra, gross primary production (GPP), and carbon-use efficiency (CUE) in
temperate deciduous forests, where R, = 42% of GPP and CUE = 0.58. This yielded a total R, =
6.2tCha' yr', placing R, at ~42% of GPP and resulting in GPP = 13.2t C ha™! yr’!, aligning with
forest flux tower data across temperate forests'>. The stream was assumed to be a net source of CO», as
aquatic CO; evasion from the 0.36 ha stream reach was measured at 10.2t C ha™ yr'!, greatly
exceeding our added aquatic GPP estimate of 1 t C ha! yr'!, observed in shaded temperate streams'®.
When combining all terrestrial and aquatic inputs (26.0 t C yr') with outputs (25.5 t C yr''), the
resulting net C balance is 0.5t C yr! across the full reach. Projected over a 33-year period, equivalent
to the modelled lifespan of the beaver-impacted wetland, the forested counterfactual represents a long-
term C sink of 16.5 t C. These values are internally consistent and offer a conservative yet ecologically

robust scenario for assessing the biogeochemical consequences of beaver-driven floodplain rewetting.
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While this counterfactual scenario provides a traceable and physiologically consistent estimate, its
long-term C balance is sensitive to two key components: aquatic CO, emissions and forest NPP. If
aquatic CO, evasion were overestimated, e.g., due to chamber bias!’, limited diel coverage'®, or higher
floodplain inundation under forested conditions, then lowering the flux by 25% would reduce annual
aquatic efflux from 4.1 to ~3.1 t C yr'!, increasing the net C balance to ~1.5t C yr'!. Conversely, if
aquatic CO; losses are underestimated, e.g., due to nighttime degassing, total evasion could plausibly
rise to 12 — 13t Cha! yr!, resulting in annual aquatic efflux of ~4.8 — 5.2t C yr'!, and reducing the net
C balance accordingly. Similarly, if forest NPP were closer to the 5.3t C ha! yr'! measured at the
nearby Neunkirch flux site, rather than the 7.0 t C ha' yr!' used here, then NEP would decline from 0.5
t Cha'! yr! to below zero, rendering the forest C neutral or even a weak source when aquatic CO,
evasion is included. Combining the lower-bound NPP with the upper-bound aquatic efflux would
reduce the long-term net C sink to close to zero, whereas higher NPP and lower aquatic CO; evasion
would yield a cumulative sink of ~50 t C over 33 years. These bounds underscore that while the best-
estimate scenario suggests a modest net C sink, the true C balance of the counterfactual scenario likely
ranges from weak source to moderate sink, depending on ecosystem productivity and aquatic

exchange dynamics.

Text S9: National upscaling of C sequestration
To estimate the potential C sequestration benefits of beaver-driven floodplain restoration at the
national scale, we scaled the measured sediment C burial rate from the Marthalen wetland (4.71 t C ha
'yr!) to mapped lowland floodplain areas in Switzerland identified as suitable for beaver
recolonisation!®. Using national floodplain assessments, we considered two area scenarios: (i) the 300
km? of “opportunity” zones, where restoration is ecologically and logistically feasible, and (ii) the
broader 450 km? encompassing both “opportunity” and “conflict” zones, where floodplain function
could potentially be restored under more enabling policy or management conditions. However, this
also presupposes efforts to minimise emergent land use conflicts (e.g., agricultural activities and
drinking water treatment). We acknowledge that the initial stream conditions at our study site, e.g.,
channelisation and clay-lining, does not apply to all of the suitable floodplain areas in Switzerland.
However, we assumed that the emergent beaver-mediated hydrological processes of the studied stream
are generally applicable to these areas.

Applying the field-based burial rate to these areas yields an estimated annual C burial of ~141,200 t
C yr'! across opportunity zones, and ~211,700 t C yr'! if the full area including conflict zones were
reactivated. These values reflect only long-term sediment C burial, excluding deadwood and transient
biomass pools, and assume full functional saturation by beaver activity. While optimistic in spatial
extent, the burial rate itself is conservative in that it excludes potential C benefits from avoided

decomposition or methane offsets.

10



11



Supplementary Figures
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Fig. S1. Precipitation from a nearby weather station and stream discharge at upstream (US) and
downstream (DS) monitoring locations.
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Fig. S2. a) Time series of cumulative changes in dissolved inorganic carbon (DIC) and dissolved
organic carbon (DOC) concentrations between upstream (US) and downstream (DS) locations,
compared to photosynthetically active radiation (PAR). Positive concentration values (left axis)
indicate downstream reduction in concentrations. b) Annual mass balance of DIC and DOC loads,
partitioned by infiltration, changes in wetland storage change (Awetland storage subscript),
assimilation and precipitation of DIC (assim./precip. subscript), and biogeochemical production

(production subscript), estimated at fortnightly intervals.
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Fig. S3. a, b) Fluxes of CO,-C and CHs-C from beaver wetland interfaces (exposed sediments,
wetland water, and deadwood), channel water, and nearby forest reference soils and deadwood. ¢, d)
Spatial distribution of CO,-C and CH4-C fluxes in exposed sediments and wetland water across the
wetland sections. Channel US»s is located 250 m upstream of the open wetland, and Channel US and
DS denote the locations where also discharge, stage, and water chemistry were monitored, is located
100 m upstream of the open wetland. P-values of t-tests and ANOVA tests, including post-hoc Tukey
tests are shown within panels.
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Fig. S4. a) Location of study area in northern Switzerland, including locations of the Marthalen
weather station and upstream Q reference. b) Satellite image of the study area, showing monitoring
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Google’s geo guidelines.
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Fig. S6. Discharge rating curves and observed Q at a) upstream (US) and b) downstream (DS)
locations. The upstream reference (US,.r) location refers to the station 511 Mederbach-Marthalen
(47.6209 °N, 8.6425 °E; 1 km upstream of the wetland), monitored by the Zurich Civil Engineering
Office (https://www.zh.ch/de/umwelt-tiere/wasser-gewaesser/messdaten/abfluss-wasserstand.html). h
= water stage. The coefficient of determination (R?) and root mean square error (RMSE) were

determined from leave-one-out cross validation.
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Fig. S7. Relationship between water surface area and water stage at downstream location (hps) in
upstream (US), midstream (MS) and downstream (DS) sections of the beaver wetland. Dashed lines
show the total surface area in respective sections. Coefficient of determination (R?) is shown for linear
regressions.
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downstream location (hps), averaged by week. The density distribution of water stages is shown above
the panel in yellow.
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Supplementary Tables

Table S1. Terrestrial C balance and total ecosystem inputs and outputs for counterfactual scenario of
the studied reach without beaver activity, + one standard deviation. NPP, = terrestrial net primary
production, Ry i = heterotrophic soil respiration, Ry rot = autotrophic root respiration, Ra above =
autotrophic aboveground respiration, GPPy = terrestrial gross primary production, NEP = terrestrial
net ecosystem production, GPP,q = aquatic gross primary production.

Area Flux Total

(ha) (tCha'lyr) (tCyr) Notes / assumptions

Component

Terrestrial C balance
Oak-hornbeam productivity (see

NPPie; 3.2 7.0+0.5 224+64 Text S7)
Ri_soit + Ra root = measured soil
Rhis()j] 3.2 6.7 + 0.0 21 .4 + 0.1 C02 ﬂUX and Raﬁsoil / Rhﬁr()()t =
0.66
Ri_soit  Ra oot = measured soil
&7r00t 3.2 4.5 + 0.0 14.4 + 0.1 CO2 ﬂl.IX and Raisoi[ / Rhiroot =
0.66
GPP =NPP + Ra_root + Ra_above
&7above 3.2 1.7 + 0.0 5.4 + 0.1 and (Raﬁroo[ + &7ab0ve) / GPPter =
0.42
GPP =NPP + Ra_root + Ra_above
GPPye; 32 13.2+0.5 422+1.6  and (Ra root T Ra above) / GPPier =
0.42
NEPter 3.2 0.3 + 0.5 1.0 + 1.6 NEPter = NPPter - Rhisoi[
Inputs
NPP:e; 3.2 7.0+£0.5 224+64
Coarse woody debris 32 1002 32407 Assumed coarse woody debris
input for temperate forest
Assumed aquatic GPP of shaded
GPPyq 0.4 1.0+£0.1 04+0.1 streams (see Text S7)
Total inputs - - 26.0 = 6.4
Outputs
R soil 3.2 6.7+0.0 21.4+0.1
Aquatic CO; evasion 0.4 10.2 £ 0.0 41=x0.0 Chamber-based measurement
Total outputs - - 255+£0.1
Net ecosystem balance 3.6 0.1 £0.6 0.5+1.9 Total inputs — total outputs

Long-term projection

3.6 3.3+19.0 16.5+63.4  Projected net C accumulation
(33 years)

Table S2. Cumulative sediment and deadwood C storages across a range of beaver wetland lifespan
scenarios up to 33 years, which is the predicted duration until complete sediment infilling of the
beaver wetland.
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Beaver wetland lifespan _ PC RC TIC Deadwood Total

(yr) (tC)
10 113 240 151 500 1004
15 134 284 174 500 1092
20 147 312 187 500 1146
25 157 332 196 500 1185
33 167 354 205 500 1226

Table S3. Macrophyte and algal biomass, carbon content, surface cover and total organic carbon (OC)
input of the identified species in the beaver wetland (mean + one standard deviation). References
indicate values derived from literature.

Species Biomas§2 OC% in biomass Surface2 oC in_;l)ut
(g DW m™) (DW) cover (m”) (tyr)

Phalaris arundinacea 1,586.90 45.00 + 0.59% 16,818.17 12.01+0.16
Stachys palustris 2,200.00 44.40 + 0.84°"" 5,178.95 5.06=£0.10
Nasturtium officinale 2,406.25 44,77 + 0.02% 2,305.10 2.48 £ 0.00
Sparganium erectum. 140.00 44.79 £ 0.53% 3,038.41 0.19 £0.00
Ceratophyllum demersum 958.10 39.37+£3.94% 1,958.58 0.74 £ 0.07
Micro algae
g}flon:;gj]xii‘;’”gem hardii 139.40 47.03 = 4.22% 897.91 0.06 = 0.00
Spirulina platensis)

Total annual OC input from aquatic vegetation 20.54 £ 0.20

*Stachys palustris C content is based on the global average in herbaceous vegetation from Ma et al.
21

Table S4. Deadwood biomass, carbon content, surface cover and total organic carbon (OC) storage of
the deposited deadwood in the beaver wetland (mean + one standard deviation). References indicate
values derived from literature.

Species Biomass OC% in biomass Volume OC storage
P (g DW m™) (DW) (m’) (tyr)
Picea abies 356 +1.7% 50.30 +0.1% 1425.3 2552+1.2
Quercus robur 584.3+1.53% 49.02 + 0.50% 292.8 83.9+£0.2
Fraxinus excelsior 606 + 383° 49.29 £ 0.08% 292.8 87.5+5.5
Alnus glutinosa 499.75 £+ 50%! 50.47 +0.39% 292.8 73.8+7.4
Total annual OC storage in deadwood 500.4+£9.3

Table S5. Goodness-of-fit parameters for daily loads of dissolved inorganic carbon (DIC), dissolved
organic carbon (DOC), and suspended sediments (SS), modelled with WRTDS. Subscripts denote the
monitoring locations upstream (US) and downstream (DS). RMSE = root mean squared error, R> =
coefficient of determination, SE = standard error of the estimate.

RMSE R? R?
(kg C day™) (concentration) (load)

Parameters SE (%)
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DICus 74.88 0.56 0.91 14.9

DICps 35.85 0.80 0.97 12.2
DOCus 11.69 0.48 0.85 28.3
DOCps 5.25 0.48 0.97 24.7

Table S6. Multiple linear regression explaining the variability of CO,-C fluxes from exposed sediment
in 2022, by each wetland section (up-, mid-, and downstream). Air temperature (°C) and exposed
surface area (m?) were used as predictors. P-values of Durbin-Watson test are shown, where p-values
> (0.05 indicate the absence of temporal autocorrelation.

. Scaled p Durbin-
Predictors coefficient p-value Watson
p-value
Upstream section 0.38
Air temperature 4.88 <0.01
Exposed surface area 0.26 0.80
Midstream section 0.47
Air temperature 4.61 <0.01
Exposed surface area 1.39 0.19
Downstream section 0.28
Air temperature 4.09 <0.01
Exposed surface area 0.559 0.58
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