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Introduction

This supplementary material contains a more detailed description of sample collection
and nutrient analysis (Text S1), a brief description of the method followed to generate
mean nutrient profiles (Text S2), and an assessment of uncertainties associated with nutri-
ent transports (Text S3). We also present: (1) additional data to support our description
—in the main text— of dissolved inorganic nutrient distributions and contribution of the

dissolved organic nutrient pools to the total dissolved nutrient pools (Figure S1); (2) Dis-
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solved organic nutrients plotted in T-S space; the method we adopted to select DON and

DOP concentrations representative of outflowing and inflowing waters from and to the

Arctic Ocean.
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TORRES-VALDES ET AL.: ARCTIC DON AND DOP X-3

Text S1. Sample Analysis

Samples for nutrient analysis were collected directly into sample-prewashed 60 mL
polystyrene vials and stored at -20°C until analysis, <4 months after collection. Dissolved
inorganic (nitrate+nitrite and phosphate) and total dissolved nutrients (TDN and TDP)
were measured as described in Torres-Valdés et al. [2009], using a Seal Analytical QuAA-
tro autoanalyser and two 705 Metrohm UV oxidation units. Briefly, frozen samples were
defrosted overnight and thoroughly mixed before analysis. Each sample was then split;
two 10 mL aliquots were UV-oxidised for 2 h, and a third aliquot was used to measure the
dissolved inorganic fraction. Upon UV-oxidation, total dissolved nutrients were measured
as nitrate and phosphate. DON and DOP were obtained as the difference between the
total and inorganic fractions. Analytical uncertainty associated with the measurement of
organic nutrients was estimated as the root-sum-square of total nutrients uncertainty and
inorganic nutrient uncertainty. The former derives from duplicate UV-oxidations and the
latter from the global uncertainty associated with the analysis of calibration standards
(i.e. representative of the duration of the analysis, across all concentrations). Overall,
uncertainty was highest at depth, where differences between total and inorganic fractions
are small or negligible. Detection limits (DL) were 0.016 umol L=! (phosphate), 0.06 pymol
L' (nitrate4nitrite; nitrate hereafter), 0.4 ymol L~' (DON) and 0.03 ymol L= (DOP).
The average DON and DOP measurement uncertainties for samples from the Nordic Seas
were 0.1140.08 ymol L~ and 0.013+0.012 pmol L= (respectively), and 0.1740.29 pymol
L~ and 0.084:0.07 pmol L™! (respectively), for samples from the Labrador Current and

central and east Labrador Sea.
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X-4 TORRES-VALDES ET AL.: ARCTIC DON AND DOP

Text S2. Mean DON and DOP profiles

Following selection of data based on the T-S properties of water masses of interest (as de-
scribed in the main text), mean DON and DOP profiles were generated for the Labrador
Current (LC), East Greenland Current (EGC), West Spitsbergen Current (WSC) and
Barents Sea Opening (BSO) inflow as follows. Samples were taken at variable depths,
thus, nutrient profiles were generated by linear interpolation at 1 m intervals. Interpo-
lated profiles were then horizontally averaged per water mass to yield mean profiles for
outflowing and inflowing waters (Figure 2 main text). That is, only profiles associated the
LC, EGC, WSC and BSO (i.e. excluding profiles located in the central part of the Nordic
Seas and north of Iceland; black and grey symbols in Figure 1, main text). Horizontal
averages were carried out only at depths where two or more data points were available at
any given depth. Values flagged as anomalous were not considered.

Text S3. Assessment of uncertainties

Uncertainties associated with nutrient transports were addressed as follows. In order to
assess whether results from the simple approach employed here yielded transports that
are comparable/consistent with transports calculated with the more thorough approach
in Torres-Valdés et al. [2013] (TV13 hereafter), we: 1) calculated transports of dissolved
inorganic nutrients (nitrate and phosphate) using the data associated with the organic
nutrients presented here (i.e. analysed from the same samples); 2) calculated transports
of inorganic nutrients using the data presented in TV 13, but calculated in the same simple
fashion as in the current study of organic nutrients; 3) we compare transports associated

with the Labrador Current and/or west Davis Strait and those associated with Bering
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TORRES-VALDES ET AL.: ARCTIC DON AND DOP X-5

Strait, with the full depth integrated transports across west Davis Strait and Bering
Strait as calculated in TV13; 4) Finally, transport uncertainties were simply propagated
as follows 02 = [Vsd(C,))* + [Crsd(V)]* + 2V Cppsd(V)sd(C,,), with volume transport
(V) and associated uncertainty sd(V') from T'subouchi et al. [2012], mean nutrient concen-
tration profile (C,,) and associated uncertainty (sd(C,)), and correlation of uncertainties
(psd(V)sd(C,,)). Given psd(V)sd(C,) is unknown, we calculated o2 assuming no correla-
tion (p = 0), positive correlation (p = 1) and inverse correlation (p = —1).

Table S1 shows volume transports and mean DON and DOP profile concentrations as
per Table 1 (main text). It also shows mean nitrate and phosphate profile concentrations
from data associated with the DON and DOP, and from the data presented in TV13, but
processed in the simple fashion. Remarkably, given the associated uncertainties, mean
concentrations are rather consistent between the different data sets. The only exception
being nitrate and phosphate concentrations in the EGC, but this is due to the average
nutrient profile from Torres-Valdés et al. [2013] exhibiting low concentrations deeper in
the water column, which it is likely the result of inter-annual variability. Since transports
are calculated relative to DON and DOP transports, those calculated for the EGC, WSC
and BSO, are focused in the upper 100 m of the water column.

Table S2 shows transports of DON and DOP as per Table 1 (main text), transports of
inorganic nutrients associated with the DON and DOP data presented here, transports
of inorganic nutrients calculated with data from TV13, and full depth integrated nutrient
transports for west Davis Strait and Bering sea as presented in TV13 (see their Table 1).

Uncertainties associated with transports calculated the simple way show what we term
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X-6 TORRES-VALDES ET AL.: ARCTIC DON AND DOP

‘base uncertainty’ (i.e. no uncertainty correlation) and ‘maximum uncertainty’. With
the exception of transports associated with the EGC, which are low due to the mean
profile concentration being low further at depth, the remaining transports are remarkably
consistent and comparable given both, the base and the maximum estimated uncertainty.

When transports associated with the LC and west Davis Strait (data from TV13) and
those for Bering Strait are compared with the full depth integrated transports across
west Davis Strait and Bering Strait, again, we can see these are rather consistent within
the uncertainty. Bering Strait transports calculated the simple way yield a much larger
uncertainty due to the extremely strong horizontal gradients across Bering Strait, with
high concentrations of phosphate (>2.4 mumol L™!) and nitrate (>24 mumol L™') on
the western side, and low concentrations (<0.7 mumol-phosphate L™1) or undetectable
concentrations on the eastern side (see TV13). Indeed, uncertainties calculated the simple
way, reflect spatial variability. In TV13, net transports result from vertical and horizontal
integration per station pair across gateways, and the uncertainty derives from a thorough
sensitivity analysis that considered measured velocity uncertainty and the use of nutrient
fields from different years.

That being said, the approach employed here, while simple, yields results which are
comparable to the more robust assessment of TV13.

We also assessed what the effect would be in the inferred transports across (west) Davis
Strait if; 1) DON from central and east Labrador Sea (off the West Coast of Greenland;
Figure 1 main text), and 2) DOP from central Labrador Sea were representative of the

northward flowing waters associated with the West Greenland Current. In the case of
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DON, the transport is estimated to be +3.840.47 kmol s~!, which would result in a net
southward transport of -13.94:2.38 kmol s~! across Davis Strait, and a net transport of
-0.86+3.11 kmol s~!. Thus, given the uncertainty, the DON net transport (i.e. budget) is
either balanced or results in a minor export. However, the large export of DON via Davis
Strait still holds.

For DOP, the northward transport is estimated at 0.05£0.03 kmol s~!, resulting in a
net southward transport across Davis Strait of -2.774:0.36 47 kmol s™! and a budget of
-1.6940.5 kmol s7!; i.e. the net “indicative” export inferred across Davis Strait and net
pan-Arctic export still hold.

However, 1) while a proportion of waters in central Labrador Sea might have a common
origin upstream (e.g., Irminger Basin) relative to waters flowing northwards across east
Davis Strait, we do not know to what extent DON and DOP in upper layers of central
Labrador Sea have been modified (either produced and/or consumed in transit/locally) to
be representative of the northward flowing waters, including the West Greenland Current
(WGC). A proportion of the northward flow is associated with warm Atlantic waters (see
for example Grist et al. [2014]) which occur mostly at depths where DON and DOP are
lowest and/or undetectable (in the case of DOP) relative to surface concentrations where
velocities are highest (as shown by Tsubouchi et al. [2012]). 2) We only have 1 profile
in east Labrador Sea (off the west Greenland coast), with DON but no DOP data. The
profile is located at 48.48°W, 60.36°N over a shelf break depth of 990 m, and with the
exception of the upper 100 m, its T-S properties are consistent with waters of Atlantic

origin. The upper part (100 m) of the profile does have a colder and fresher component,
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X-8 TORRES-VALDES ET AL.: ARCTIC DON AND DOP

suggesting that a fraction is likely composed of West Greenland Coastal waters, but given
we lack information about DON and DOP concentrations in Greenland derived runoff
and given the profile is far off shore, we are uncertain of how representative this profile
might be of the northward flowing waters associated with the WGC. In terms of size,
if full depth integrated transports of inorganic nutrients across Davis Strait (TV13) are
considered as a reference, we see that the northward transports of phosphate and nitrate
are 15-16% relative to the southward transports, though this may not necessary hold true
for dissolved organic species. Hence we think that more uncertainty would be introduced
if DON and DOP concentrations from central and east Labrador Sea were considered
as representative of northward flowing waters. DON and DOP data associated with

Greenland runoff and/or coastal water are needed to constrain northward transports.
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Table 1.  Volume transports (Volr in Sv; 1 Sv = 10° m® s71) and associated uncertainty (sd), and mean (overbar)
profile nutrient concentrations (umol L™!) with associated uncertainty (sd) used to calculate transports (Table 1 main text
and Table S2 supplementary material) of dissolved organic nutrients for the Arctic Ocean. To assess transport uncertainty,
calculations were also done with the inorganic nutrient data associated with the DON and DOP, and with data taken from

Torres-Valdés et al. [2013] but processed as described in the current study.

LC EGC WSC BSO BS Rivers
meand+sd meantsd meandtsd meandtsd meantsd
Volr -3.714+0.37 -0.87+0.17 0.6440.2 1.6440.21 140.1 0.07¢
DON 4.774+0.41 4.354+0.25 5.304+1.57 5.104+0.90 3.154+1.51
DOP 0.76x0.06 0.06+0.02 0.11£+0.07 0.14+0.08 0.76+0.27
NO; 11.734+0.87 7.20+£0.82 7.92+2.53 7.19+1.45 —
POy 0.94+0.03 0.77+0.08 0.62+0.12 0.51+0.08 —
TV13 Data
NO; 9.214+0.65 3.124+1.58 8.414+1.50 6.814+1.52 11.0+10.5
PO, 1.12+0.09 0.47x0.06 0.61+0.08 0.53+0.08 1.46=+0.66

2Data from [Tsubouchi et al., 2012]. ®Data from Simpson et al. [2008]. “Data from Holmes et al. [2011]; total dissolved phosphorus (includes the inorganic
and organic fractions); ¢Full depth integrated transport on west Davis Strait (see Table 1 in Torres- Valdés et al. [2013]) .
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Figure S1. Vertical distribution of nitrate (a), TDN (b), phosphate (c), and TDP (d) in gmol
L', Data points in panels (a), (b), (d) and (e), colour-coded as per Figure 1 (main text). Colour

bars in panels (¢) and (f) show DON/TDN and DOP/TDP (%).
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Figure S2. 0y-S plots: (a) data colour-coded as per Figure 1 (main text) for reference; DOP
(b) and DON (c) plotted on 6y-S space. T-S boxes shown for (i) Atlantic Water (AW) and (ii)
Polar Waters; Upper Halocline Water (UHW) and Lower Halocline Water (LHW). Blue dashed-

dotted line shows the freezing temperature. Colour bar shows nutrient concentration (umol

L~1). Following the selection of nutrient concentrations per water mass, station locations were

colour-coded as shown in Figure 1.
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