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Supplementary Tables

Table S1: Location of sampling sites in the Hampshire Avon catchment

Site Label River Latitude Longitude in situ study
Clay 1 Sem 51.045826 -2.1104425 v
Clay 2 Sem (tributary) 51.055413 -2.1568407 v
Clay 3 Sem (tributary) 51.066347 -2.1431386

Sand 1 Nadder 51.043849 -2.1118158 v
Sand 2 Avon (west branch) 51.318289 -1.8600020 v
Sand 3 Avon (west branch) 51.306169 -1.8227099

Chalk 1 Ebble 51.027499 -1.9217089 v
Chalk 2 Wylye 51.142475 -2.2033140 v
Chalk 3 Avon (east branch)  51.304644 -1.8100633




Table S2: Summary characteristics of un-vegetated sediments and river flow during sample collection and in situ activity measurements

Grainsize (%) Organic C N C:N Flow (m’ s} Mixing

Site Clay Silt  Sand >2mm (umol g'dw)’! (umol g'dw)! (molarratio) Mean+s.d. Maximum depth (cm)* BFI’
Clay 1 63 160 655 12.0 1945 + 499 114 +24 17+1 0.04 +0.02 0.87 0 0.372
Clay 2 232 483 238 43 5499 + 382 352+ 19 16+0.4 0.00 +0.00 1.17 0 0.234
Clay 3" 2465 + 544 136 + 23 17+2

Sand 1 0.5 1.3 80.7 17.4 492 + 162 23+£6 23+4 0.18 £0.02 2.28 1 0.695
Sand 2 1.7 29 909 4.4 351+61 32+4 11+£0.5 0.19+£0.09 2.76 8 0.861
Sand 3" 402 + 66 38+6 11+1

Chalk 1 0.4 1.1 455 52.8 692 + 94 5011 15+1 ND 3.77 6 0.953
Chalk 2 0.8 1.8 36.8 60.5 414 £ 50 39+2 11£1 0.09 £0.02 3.05 3 0.931
Chalk 3" 3530+ 1470 234+49 15+3

*Sites Clay 3, Sand 3 and Chalk 3 were only visited once to collect sediment for this current research and therefore, limited data are available.
All other sites were part of a larger parent project that spanned April 2013 to November 2015. TData are average values (n = 5). Particle size
determination (<2 mm) was performed on a LS 13 320 Beckman Coulter Counter after treatment with 30 % hydrogen peroxide to remove
organic matter. *Organic C, N and C:N data are mean + 1 standard error (n = 5). Sediment organic C and N content was determined by elemental
analysis (Sercon Integra2) on material < 2mm after treatment with 1 M HCI to remove inorganic carbon. *Mean flow data are from the 2013
base-flow period (1/6 - 21/9/2013, n > 88). The flow gauge at site Chalk 1 was not operational during this time. Maximum flow data are peak
flows recorded during the parent project (1/6/2013 - 13/5/2015). *Depth of groundwater - surface water mixing was determined by chloride
depth profiles of porewaters recovered prior to the injection of '°N, see ref. 1. ~BFI denotes base-flow index.



Table S3: hzo (hydrazine oxidoreductase) gene abundance (left) and relative abundance

(right) in river sediments. Data are means =+ 1 standard error.

hzo gene abundance

Site Label hzo copies hzo copies
(g d.w sediment) (10° 16S rRNA copies)™!

Clay 1 6.78 x10° + 2.51x10° 52 + 12
Clay 2 390x10° + 1.86x10° 90 + 44
Clay 3 2.79x10° = 4.63 x 10* 72 + 7
Sand 1 527x10° + 3.65x10* 308 + 22
Sand 2 923 x10° + 2.08x10° 569 + 286
Sand 3 244 x10° = 7.95x10* 978 + 863
Chalk 1 3.68 x10° £ 4.69x10° 2768 + 572
Chalk 2 9.65x10° + 4.89x10° 587 + 295
Chalk 3 334x10° + 8.13x10* 2220 + 533

Table S4: Production of '"N-Na as either N2 or **N2 (P29 and P30, respectively) in assays
used to determine anammox potential in riverine sediments. Data are means (nmol N2 g'! h!)

+ 1 standard error.

SNH4* SNH4" and "“NO3 SNOs-

Site Label P29 P30 P29 P30 P29 P30
Clay 1 0.01+£0.01* 0.00+0.01* 0.03+0.01 -0.04+0.02* 1.0+0.1 18+£2
Clay 2 0.01 £0.00*  0.03+0.03* 0.03 £0.02 0.01 £0.04* 48+1.3 87+ 19
Clay 3 0.01+£0.01* 0.01 £0.01* 0.09+0.02 -0.01+0.01* 1.9+0.5 43+9
Sand 1 0.01 £0.00*  0.01 £0.01* 1.1+0.2 0.09 £ 0.05* 53+1.2 29+8
Sand 2 0.01 £0.01* -0.01 +0.02* 1.1+£0.3 0.03 +£0.02* 37+04 41 £7
Sand 3 0.00 £ 0.00*  0.00+0.01* 1.2+0.2 0.02+0.01%* 11+1 75+ 10
Chalk 1 -0.01 £0.01* 0.01 £0.01* 1.4+0.7 0.01 £0.01* 73+2.0 61+17
Chalk 2 -0.04 £0.02*  0.01 £0.03* 0.3+0.2 -0.04 £ 0.04* 6.9+0.7 66 +9
Chalk 3 -0.02+0.01* -0.02+0.01* 25+1.2 0.08 £ 0.06* 23+9 218 £ 64

“Below detection limit. Classification of data as below the limit of detection was based upon
increase of ratios of mass spectrometer signals for individual samples relative to a control.
With the dimensions used in these slurries, this equates to approximately 0.03 and 0.4 nmol

N2 g h! for P29 and P30, respectively.



Table S5: Results from log likelihood tests on linear mixed effects models testing the effect
of sediment type (catchment geology or permeability) on rates of anammox and contribution
of anammox to N2 production from both potential and in situ experiments.

Experiment Dependent variable Independent variable df v p-value
Potential Total anammox Geology (all) 2 8.05 0.018
Sand, chalk 1 1.00 0.318
Permeability 1 11.39 <0.001
Potential Contribution (%) Geology (all) 2 12.39 0.002
Sand, chalk 1 1.27 0.260
Permeability 1 11.51 <0.001
in situ Ambient anammox  Geology (all) 2 455  0.103
Permeability 1 0.06 0.812
in situ Contribution (%) Geology (all) 2 15.50 <0.001
Sand, chalk 1 292 0.087
Permeability 1 8.71 0.003

Table S6: BLASTn analysis of the 100 most abundant OTUs (representing between 92-93%
of the total hzo gene sequences recovered).

OTUs

Closest relative
(hzo clone name and Environmental

Accession

%

source) Identity
Clade |
S1-s-6-15-13473-K4 - Mangrove
264/182 sediments; Mai Po Marshes GQ331373.1 89-90
C11-14717-13 hzo - Mangrove
2401174 sediments; Mai Po Marshes HM209720.1 80-91
293 C3-hzo-70 - Surface sediment; Pearl KF935104.1 89
Estuary
S1-s-6-15-13473-K4 - Mangrove
= sediments; Mai Po Marshes GQ331373.1 91
43/8/176 7_7 - Freshwater lake sediment; Yangtze KF594253.1 89
River Delta
Clade Il
250/244/190 Rushing_14_HZO — Groundwater; HM851922.1  96-97
North Carolina
17/21 Crospy_Q_HZO — Groundwater; North HM851937.1  96-97
Carolina
56 GZNAna6 — Sediment; Dongjiang River  JX069682.1 98
Clade lll



Crosby_10_HZO - Groundwater; North

109 . HM851938.1 94
Carolina

254 Rushtng_14_HZO — Groundwater; North HM851922.1 94
Carolina

97/26/166/260/214/267 Rushing_14_HZO — Groundwater; North 41051955 1 94.96
Carolina

108/186/233/282 SiT/ ‘gA”a% — Water column; Dongjiang  jy 0697331 93.95

13 Croshy_6_HZO — Groundwater; North HM851934 1 9%
Carolina

281 Neal_.1 6_HZO — Groundwater; North HM851904.1 04
Carolina

142/228/170/307 Rushing_16_HZO — Groundwater; North 1051954 1 9697
Carolina

Clade IV

5/96/203/12/311/9/121 Shzo62 - Wetland soil; Seine Estuary KM250446.1 96-97

Others

272 117 - Freshwater lake sediment; KF594282 1 97
Yangtze River Delta

256 125 - Freshwater lake sediment; KF594287 1 9%
Yangtze River Delta

195 128 - Freshwater lake sediment; KF594289 1 9%
Yangtze River Delta

147/102 170 - Freshwater lake sediment; KF594317.1 96-97
Yangtze River Delta

258 175 - Freshwater lake sediment; KF594319.1 97
Yangtze River Delta

4/279/165 192 - Freshwater lake sediment; KF594329.1 96-97
Yangtze River Delta

216 195 - Freshwater lake sediment; KF594331 1 2%
Yangtze River Delta

257 47 - Freshwater lake sediment; KF594232 1 08
Yangtze River Delta

71/0/194 51 - Freshwater lake sediment; Yangtze KF594236.1 97-98

River Delta



278/79/206/212/196

11/15/69/229/277

300/248/268

224274

42/106/164/169/204/262/117/
129/154/181/261/310/3

152/133

44234

232

312/316/219/290/303

61/112/318

20

C2-hzo-25 - Surface sediment; Pearl
Estuary

FHO-18 - Freshwater aquaculture pond;
China

P3-hzo-50 - Surface sediment; Pearl
Estuary

P7-hzo-17 - Surface sediment; Pearl
Estuary

Shzo52 - Wetland soil; Seine Estuary

Shzo53 - Wetland soil; Seine Estuary

Shzo54 - Wetland soil; Seine Estuary
Shzo65 - Wetland soil; Seine Estuary
SPhzo13 - Wetland soil; Seine Estuary
SPhzo15 - Wetland soil; Seine Estuary

SPhzo7 - Wetland soil; Seine Estuary

Crosby_6_HZO — Groundwater; North

KF935025.1

KF156975.1

KF934861.1

KF934877.1

KM250452.1

KM250443.1

KM250451.1

KM250447 .1

KM250427 .1

KM250429.1

KM250436.1

HM851934.1

95

96-98

96

94-95

97-98

96-98

97-98

98

97

96-97

98

92




Table S7: Concentration of nitrate/nitrite (NO,) and ammonium in slurries before the
addition of ""NH4" (reference samples) and 'NO,  during the incubation. Reference
concentrations are mean values + 1 standard error, 'NO, data are third quartile
concentrations with maximum values in parenthesis.

Concentration (uM)
Site Label ~ NH4' (reference)  NO, (reference)  'SNO,  (time series)”

Clay 1 42229 1.7+0.7 BDL (BDL)
Clay 2 560 + 47 0.3+0.1 BDL (BDL)
Clay 3 464 + 25 0.6+0.2 BDL (BDL)
Sand 1 346 + 37 3.0 +£3.0 0.06 (28.3)
Sand 2 354 + 37 0.3+0.1 0.20 (25.6)
Sand 3 559 + 127 0.7+0.1 1.1 (29.2)
Chalk 1 958+ 96 0.7+0.3 0.03 (8.0)
Chalk2 796 +48 0.8+0.2 BDL (3.2)
Chalk3 676 +52 0.7+0.1 BDL (1.1)

"BDL denotes below detection limit (0.02 zmol *NO,” L™).



Table S8: '’N-labelling of NH4", NO,” and N2 pools measured during oxic incubations with
SNH4" and predicted >N labelling of N2 resulting from denitrification or anammox. Each
time series experiment consisted of 5 measurements, data represent the median proportion of
SN, where a proportion of 1 = 100% "°N.

Measured Modelled
Site Label NH4" NO,” N Denitrification Anammox- A N>"
-N» N>

Time series experiments with 1>NO, that met model criteria’
Sand 1 0.69 041 0.50 0.41 0.51

0.74 042 0.53 0.42 0.54

0.78 0.59 0.67 0.59 0.67
Sand 2 0.67 0.50 0.53 0.50 0.57

0.76  0.32 0.37 0.32 0.40
Sand 3 0.63 041 041 0.41 0.50
Chalk 1 0.50 0.37 0.39 0.37 0.42
Chalk 2 0.59 034 0.38 0.34 0.43

Time series experiments with >NO, that did not meet model criteria

Sand 1 0.58 0.26 047 0.26 0.36 0.11
Sand 3 0.63 0.20 0.59 0.20 0.29 0.30

0.63 036 0.66 0.36 0.46 0.20
Chalk 1 0.50 0.42 0.59 0.42 0.45 0.14
Chalk 2 0.67 0.01 0.14 0.01 0.01 0.13
Chalk 3 0.59 0.01 0.66 0.01 0.01 0.65

*A N2 is the deviation in the measured '*'N-N2 pool from the maximum model prediction. The
SN-labelling of N2 in the time series experiments that met model criteria were within the
bounds of the model and A N is, therefore, not applicable. "For a successful model *NO,
must be present in the slurry and the '°N-labelling of the produced N2 must fall between the
anammox and denitrification endmembers. See “Contribution of anammox and denitrification
to N2 production in oxic slurries” below for more information.



Table S9: Ambient denitrification activity across rivers of contrasting geology. Rates were
determined via direct, in situ measurements. Data are means + 1 standard error.

Denitrification Rate (zmol N m™ h™!)
Site Label Site Geology

Clay 1 269 % 50

Clay2  218+26 243 £229
Sand 1 34+3

Sand2 2243 28+4
Chalk 1  26+1 N

Chalk 2 49 +3

10



Supplementary Figures
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JX06!
9733 QTWAna25 Water column Dongjiang River

HMB851937 Crosby 9 HZO Groundwater North Carolina

Undwater N,

HM851922 Rushing 14 HZO Groundwater North Carolina
0/13/18/20/21/42/56/106/142/154/170/181/189/190/194
219/244/250/261/262/290/303/307/310

9

12/121/311

KM250446 Shzo62 Wetland soil Seine estuary
267/%5/'2821186/21 4/260/233/254/108/26/166/228

EU294365 Candidatus Jettenia
79/272/3/206/61/258/196/169/232/44/204/112/224/256/152/274/164

— 229
147
6/248/268/300
KF934793 P1-hzo-29 Sediments Pearl Estuary

KM250451 Shzo54 Wetland soil Seine estuary
HM851896 Neal 8 HZO Groundwater North Carolina
FM163629 Candidatus Anammoxoglobus sp.

KF594215 clone 23 Lake sediment Yangtze River Delta
2
212

—1
182/293/298
———240

GQ331373 S1-s-6-15-13473-K4 Mangrove sediments Mai Po Marshes
M163628 Candidatus Brocadia sp.
FM163630 Candidatus Kuenenia sp.
FM163627 Candidatus Scalindua sp.
JX945932 Candidatus Scalindua sp.
GU433835 clone D5-M-15
99 JQ901779 clone 25H-H-11

Figure S1: Phylogeny of hzo nucleotide gene sequences (a), and unique amino acid
sequences (b). Trees were constructed using Maximum Likelihood methods from the 100
most abundant OTUs, which represent 92-93% of all sequences recovered (see Methods).
Branch lengths reflect the number of substitutions per site. Bootstrap values >70% are shown.
Pie charts show relative distribution across chalk (yellow), sand (blue) and clay (red)
sediments of sequences assigned to OTUs within each clade. Percentages in brackets show
the total percentage of sequences assigned to OTUs within each clade for each geology.
Representative closest relatives by DNA sequence identity (BLASTn) are shown.
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Figure S2: Production of '>N-N; following addition of SNH4" to oxic slurries of chalk-
gravels (a), sands (b), and clays (c). Box plots summarise all data with the interquartile
range, minimum and maximum, median and outliers represented by the box, whiskers,
horizontal line and crosses, respectively. Data from incubations containing measurable
ISNO, overlay the box plots. Black circles are incubations where '*N-labelling of produced
N2 was within the predicted anammox and denitrification endmembers (n=2 and 6 for chalk
and sand, respectively). Grey circles represent incubations where produced N2> was '°N-
enriched relative to the endmembers (n=3 for both chalk and sand).
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Figure S3: Porewater oxygen varies in sediments of differing permeability. Circles are
measurements performed on porewater recovered from sands (blue) or chalk-gravels (yellow)
with a depth resolution of approximately lcm using mini-probes. The dashed line is the
average oxygen concentration of clay porewater recovered via rhizon samplers with a 10cm
screened interval. The shaded area is the depth of Oz penetration in clays determined with a
micro-profiler.
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Figure S4: Gradients of porewater chemistry within riverbeds of different permeability
as determined through principal components analysis. Data are shown in a correlation bi-
plot and were scaled and centred during the analysis. Principal components 1 and 2 accounted
for 56% and 19% of the variance, respectively. Arrows are vectors representing chemical
variables (SRP and Fe(II) denote soluble reactive phosphorus and iron (II), respectively) and
circles are scores from individual samples from clay (red), sand (blue) and chalk-gravel
dominated riverbeds.

14



Depth (cm)

25 4

30 T T T
20 30

40 50 60 70

Contribution of anammox to N,, production (%)

Figure S5: Temporal distribution of anammox activity in riverine sediments. Data are
from spring, summer, autumn and winter field campaigns (circles, squares, triangles and
diamonds, respectively). The summer data shown here are the focus of the manuscript
however overall patterns in the contribution of anammox to N2 production are consistent
throughout the seasons; chalk (yellow) > sand (blue) > clay (red). There is no data from one
river (sand) in autumn and two rivers (sand, chalk) in winter as flooding prevented safe

access to the sites.
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Supplementary discussion 1: Analysis of hzo gene seqeunces
The anammox functional hzo gene was sequenced (>1.57 million sequences clustered
into 316 OTUs, 95 % similarity), with an average of 58,000 reads per sample. Phylogenetic
analysis of hzo) revealed four clades (Clade I-1V) (Figure Sla) that differed in their relative
distributions between the three geologies. In general, our hzo sequences were distinct from
known hzo sequences (BLASTn; Table S6). For example, Clade I had only 89-91 %
sequence identity to uncultured anammox bacterium clones from mangrove and estuary
sediments, whilst OTUs 8, 43, and 176, were more related to hzo sequences from an
uncultured anammox bacterium clone from the Yangtze River Delta (Table S6). OTUs in
Clade II were less dominant in clays, sharing 94-97 % identity with clones from groundwater
and for Clade 111, 52 % were recovered from chalk rivers that comprised 21 % of total chalk
sequences (Figure S1). OTUs 108, 186, 233 and 282, in Clade III, had 93-95 % sequence
identity to an uncultured anammox bacterium clone (Table S6) from the Dongjiang River.
Some 70% of Clade IV sequences were from chalk rivers, comprising 7.3 % of total chalk
sequences, which shared 96-97 % identity to a riparian soil anammox clone (Seine Estuary)?
(Table S6). Our river sediments show a broad diversity of hzo sequences which are distinct
from known low-diversity hzo sequences from marine sediments (Figure S1).
The 100 unique hzo nucleotide OTU sequences yielded 32 unique amino acid
sequences (Figure S1) with both sets of sequences being more closely related to hzo
sequences from Ca. Anammoxoglobus, Ca. Brocadia and Ca. Jettenia, rather than marine Ca.

Scalindua species (Figure S1).
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Supplementary methodology

Description of sites

Nine rivers in the Hampshire Avon catchment were the focus of this study (Table S1). Much
of the Hampshire Avon catchment consists of permeable chalk from the Upper Chalk
formation underlain by less permeable Upper Greensand and impermeable Gault clay
formations.* Sizeable outcrops of Greensand occur in the north and west of the catchment
whilst outcrops of clay are restricted to a single region’ (areal extent = 13 and 1 % of total
catchment area for greensand and clay). We selected three rivers within sub-catchments of
predominantly one geology to investigate anammox activity across a gradient of riverbed
permeability. In the Upper Chalk these were the R. Ebble, R. Wylye and R. Avon (east
branch) at Rushall. In the Greensand the rivers sampled were the Nadder and Avon (west
branch) at Marden and Rushall and, in the clay (impermeable), the R. Sem and two of its
tributaries were included. Some of the rivers were 1% order streams (e.g. the tributaries of the
Sem) whilst others were 2™ or 3™ order. At the time of sampling river widths were <5 m and
depths <1 m, on average, and discharge was primarily base flow. Land use within the river
sub-catchments is predominantly agricultural (arable grassland, dairy farming) but includes

some small villages (<7.5 % total catchment area)* and patches of forest.

Measurement of anammox activity - synthetic river water

We were not able to use river water from our study sites to prepare slurries as standard
methods for determination of anammox and denitrification potential require all ambient
NO, to be removed prior to the experiment.®’ In the Hampshire Avon catchment ambient
nitrate concentrations are very high: e.g. 100-200 uM in clay-based rivers and 300-500 uM in
permeable rivers (unpublished data). The length of pre-incubation required to remove such

large amounts of '“NOs™ from the slurry would likely alter the microbial community and

17



availability of substrates (e.g. labile carbon). Instead we use synthetic river water as per the
media in Smart and Barko® as slurry water and tracer matrix in potential and in situ
measurements, respectively. For both types of experiments we add carbonate to the media
(~2 mM and ~5 mM final dissolved inorganic carbon concentration for clays and sands, and
chalks, respectively), adjusting the pH back to ~7 with dilute HCI1 (if necessary) to better
represent the rivers studied. For in situ measurements, KCl is also added (final concentration

4 mM) for use as a conservative tracer.

Calculations for activity measurements

Converting raw mass spectrometer signals to concentrations. Individual mass spectrometer

signals from N2 analysis (i.e. mass-to-charge ratio = 28, 29 or 30) were adjusted for drift
assuming linear changes between standards at the beginning and end of a batch of samples,
typically 10. Drift control standards consisted of the same matrix as samples, i.e. oxygen free
nitrogen for anoxic slurries, air for oxic slurries or helium over air equilibrated water for core
or porewater samples, and were analysed at least every 10 samples. Corrected mass
spectrometer signals were converted to excess aqueous N2 or *°N: concentrations

(combinations of '*N->N and '"N-'N, respectively) after correction for drift as follows:’

"N "N
*N, (umoles L") = ( - J - ( - J X N, x a x V" (1)
’ z N2 sample z N2 reference Z ’

Where X can be 2Nz or 3*Na; ™N2 is the area from mass-to-charge ratio 29 or 30; ZN2 is the

sum of all areas (i.e. mass-to-charge ratio 28 + 29 + 30); a is the calibration factor (zmoles
N2 vial': N2 for initial drift control standard) and Vs is the volume of water in the vial (L
vial™!). ‘Sample’ refers to a treatment with '’N added whilst ‘reference’ denotes a sample to

which no '’N was added, or in the case of in situ measurements, a sample taken prior to the

18



ISNOs" injection. For slurries, excess aqueous concentrations were converted further to the

total amount of 2Nz or *°N» produced per gram of dry sediment:

*N, (umol g-1)=( Vo x [N,], + Vi x [*NJW) x M, 2)

where Vaq and Vhisp are the volume (L) of the aqueous phase and headspace of the slurry,
respectively; [*N2]aq is the aqueous concentration of N2 or **Na from equation 1; [*N2]wsp is
the concentration of N2 or 3°N; in the headspace and was calculated using the Bunsen

solubility coefficient!”

for N2 and the aqueous concentration from equation 1. Ms is the dry
weight of sediment in the slurry (g). To express production of *N-labelled N2 in terms of N
the following equation was used:!!

Production of "N-N, (umoles L' or umoles g') =P, +2 x P, (3)
where P29 and P30 are the production of Nz or **N» from equations 1 or 2. Values expressed
as umol L' or gmol g were converted to rates by (i) dividing the value by the incubation
time when samples consisted of a Trina and a reference sample or (ii) plotting data as a
function of incubation time, applying a trendline to the linear portion of the time series and

entering the resultant slopes (b1) into equation 3.

Anammox and denitrification potential in anoxic slurries. Total anammox and denitrification

potential (Awtal and Diotal, respectively) and the contribution of anammox to N2 production in

slurries amended with >’NOs™ was calculated as follows:!?

A (oI N, g" h) =F ' x | P, +2x (1, )X P, | 4)

D, (mmolN, g’ h")=P, x FNQ;'1 (5)

Contribution of anammox (%) = A x 100 (6)
A\otal + Dtotal

Where F is the proportion of 5N in the nitrate pool of the slurry (= 0.98, i.e., the same as

SN-labelling of the tracer as all '*NO; was removed in the pre-incubation). Anammox
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potentials plotted in Figure 1a were calculated via equation 4 and multiplied by 2 to convert
nmol N2 to nmol N.

Contribution of anammox and denitrification to N> production in oxic slurries. We initially

intended for our oxic incubations with '"’NH4" to be a nitrification assay, where the rate of
SNOy production would be representative of net nitrification. We analysed the headspace of
the oxic slurries for >’N-N2 expecting to find no Nz or 3°Nz as per our previous studies in
less reactive sediments (unpublished data, but see study reported in ref. 13). To our surprise,
however, we measured clear production of ??N> and some minor production of **N2 in all
samples. To estimate anammox and denitrification potential using equations 4 and 5,
denitrification must be the only pathway that can produce *°Nz (ref. 12). In our oxic slurries
we deliberately added ""NH4" and, therefore, this assumption cannot be met as anammox
could also produce *°Na (oxidation of "NH4" and reduction of nitrification-derived *'NOy).
To apportion N2 production to anammox or denitrification we compared the '*N-labelling of
the produced N: to the '*N-labelling of N2 predicted to be produced solely by anammox or

denitrification in a mixing model, as follows:

N labelling of produced N, (F, )= .t (7)
" P29
1+ —2—
2x PR,
Anammox endmember (Fy, ammo) = ! (8)
[(1 ) % FNOJ + [(1 i FNO;) x FNHJ
1+
2x FNH; X FNO;
Denitrification endmember (Fy sivification) = Fyo- )
. . . l:PN ~ TN, anammox
Contribution of anammox (proportion) =1 - 2
N, denitrification I:Nz anammox

(10)
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where F  is the proportion of "N in the NOy pool as determined by the sulphamic acid

o,

assay and F_ . is the proportion of '°N in the NH4" pool, estimated by the increase in the
N

Hy
ammonium concentration of the slurry following addition of the tracer.!'*!> The assumption
that '"N-labelling of N2 produced solely through denitrification is equal to that of the NO,
pool (i.e. equation 9) is fundamental to the isotope pairing technique.'!!® The distribution of
isotopes within N2 produced via anammox assumes random pairing of one NH4"-N and one
NO,-N where the probability of N2, N2 or *'Na formation and can be predicted as

follows:!”

Probability of *'N, =(1-F,.)x (I-F, )

(11) Probability of N, = (FNH; X (1'FNO;)) + (FNO} X (I'FNH;))
(12) Probability of N, = Fo: XFo.
(13)

Use of equations 9 to 13 to apportion N2 production to anammox or denitrification requires
the ""N-labelling of the NH4", NO,” and N2 pools to be known. In our experiment,
background concentrations of NO,~ were low (Table S7) and nitrification supplied NO, to
the sediments. If coupling between nitrification and N2 production is tight, NO,” may not
accumulate in the bulk porewater, as was the case for the majority of our slurries (31 out of

45). Here, as nitrification likely creates all NO,, F  and F_ . must be equal and the

contribution of anammox and denitrification to N2 production cannot be determined.'”
Similarly, to apportion N2 production to either anammox or denitrification using the above
equations the labelling of the produced N2 must fall between the two endmembers. In our
experiment, 6 slurries that contained measurable NO,~ failed this criteria as the produced N2

was more enriched in "N than either of the endmembers. Heterogeneity in the '°N content of
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reactants and products has previously been attributed to internal shunting of nitrite between

reaction pathways without mixing with the bulk nitrite pool.'®

Estimating in situ anammox and denitrification activity. Rates of ambient N2 production were

quantified with the revised-isotope pairing technique'® which uses the rate of N-Na

production and F  (but expressed as ris, see below) to estimate genuine 8N production

from ambient “NOx:

Rate of ambient N, production (umol NL' h™")=2x1, x (P, + Py (1-r,)) (14)
where ri4is the ratio of N to '’N within the available nitrate pool. We used the ratio of “N
to >N in N20 produced following the addition of "NO3™ as a proxy for ri4 as N2O is an
intermediate of denitrification, but not anammox, and therefore ris-N2O reflects the 'N-

labelling of the NO,~ pool being reduced :"

“N,0 “N,0
o) (Sve)
. (46N20J _(“NZOJ
2NO0) e \2NO)

where ¥N20 and *N2O are areas for mass-to-charge ratio 45 and 46, respectively and N2O

1474Y2

(15)

is the sum of all areas (i.e. mass-to-charge ratio 44 + 45+ 46). To determine the contribution
of anammox to N2 production, calculated via equation 14, we compared the '*N-labelling of
the N20 and N2 produced following addition of ’'NOs™ as follows:"’

1

F = - 16
P 141,-N,0 (10
2-2x
Contribution of anammox (%) = ™ 100 (17)
2.
Py,0
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with FF,N2 as per equation 7. Ambient rates of anammox were calculated by multiplying the

ambient rate of N2 production by the contribution of anammox (as a proportion; equations 14
and 17, respectively). Ambient rates of denitrification were the difference between total
ambient N2 production (equation 14) and ambient anammox. For sediment core data,

volumetric rates were converted to areal rates (i.e. from umol N L' homogenised core h™! to

2 riverbed h') by scaling up with the dimensions of the core (e.g. sediment

pmol N m-
porosity, volume of overlying water and surface area of sediment). For permeable sediments,

areal rates were obtained by integrating depth profiles (~4 to ~ 20cm) of volumetric

anammox or denitrification rates (umol N L' porewater h') using the trapezium rule.

Calculation of base-flow index. The baseflow index (BFI) is normally computed using

techniques to separate the stream discharge hydrographs into slow and fast flow components.
For the study here we estimated BFI (Table S2) from a rainfall runoff model computed
hydrograph utilising the catchment topography and soil type based on the Hydrology Of Soil

Types (HOST) classification.?
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