Author responses to reviews and edits to Biogeosciences manuscript bg-2019-9 ""Characterizing
organic matter composition in small Low and High Arctic catchments using terrestrial colored
dissolved organic matter (cDOM)".

Response to Associate Editor report from 18.07.2019

Associate Editor comments and our responses are presented below.
Associate Editor comments are given in italic font, our response in green regular and the resulting
change in the manuscript in green italic.

We are grateful for the detailed and constructive comments on our manuscript. We agree to the
suggestions and comments and are confident that the review has contributed to improve the paper
during our revisions.

General Comments:

“While this manuscript is greatly improved from the first iteration, it still requires considerable
changes to support the main message of the work. In my opinion, the authors have not presented a
cohesive message throughout the work and would benefit from more time to revise and clarify the
points being suggested. If there was another step in between major and minor revisions, that would be
the best suggestion for this work. Certainly, it has improved, but requires some major reorganizing
and some minor tweaks. The best advice | can provide to the authors is to use the introduction to set
the stage for the novelty of the work (which did improve) and use that platform throughout to tell a
cohesive story. Reading this work generated three main themes, small catchments are important,
standing and flowing water is important, and comparisons between high arctic and low arctic
environments are important. This is in light of the disturbance regimes being tested from the
perspective of C quality. Clarify the main theme, support your theme with strong topical statements at
the beginning of the results and discussion sections. ”

Thank you for the advices on creating a more cohesive story throughout the manuscript. We adapted
the objectives section in the introduction and used this to restructure the result and discussion section
based on those objectives. We hope that this brought a clearer “red-line” into our manuscript.

We adapted the objectives (1), (2), (3) and adjusted results and discussion sections.

The objectives are now clearly separated into three main themes of the story:

“The aim of this study is to (1) compare the variability and relation of DOC concentration and cDOM
in High and Low Arctic surface water environments, (2) to investigate changes in DOM composition

along longitudinal stream profiles with regard to permafrost disturbances and (3) examine changes in
DOM concentration and composition throughout the summer season with occasional rainfall events.”

We changed the results and discussion sections structure to:
“4. Results

4.1 DOM characteristics and relationships in and across Low Arctic (Herschel Island) and
High Arctic (Cape Bounty) catchments

4.2 Hydrochemical and DOM patterns along longitudinal stream transects
4.3. Temporal changes of DOM under different meteorological conditions
5. Discussion
5.1. Catchment processes and DOM alteration

5.1.1 Regional catchment properties of DOM

5.1.2 Downstream patterns of DOM and impact of permafrost disturbance



5.1.3 Rainfall event impacts on DOM
5.2. DOM dynamics of small and large Arctic catchments
5.3. Limitations of cDOM measurements from terrestrial sources”

Additionally, we extended Figure 2 showing differences in flowing and standing waters in each study
area. The text in the results is adapted accordingly.

“The results section still requires considerable work to support the main theme of this research
project. The data is there, even some data that was eliminated. Report and discuss it all in a way that
strengthens your argument for the importance of small catchments AND low to high arctic
comparisons. A good deal of explanation is provided for the removal of the data that had precipitates,
but I was left wondering whether or not that was one of the defining differences between high arctic
and low arctic environments.

We added a paragraph on potential differences between Herschel Island (Low Arctic) and Cape
Bounty (High Arctic):

“Poulin et al. (2014) also showed that in samples with low pH the dominant fraction of iron is Fe(Il)
which then potentially can precipitate as Fe(l1l) with increasing pH during transport and storage.
Cape Bounty samples which showed a substantially lower pH, likely caused by low vegetation, are
therefore more prone to precipitate Fe(ll1) colloids which affect the optical absorption measurements
and lead to the high absorption values at 700 nm (Fig. S4). Herschel Island samples originally
already had a higher pH compared to Cape Bounty. Thus, we expect that the dominant fraction of
iron on Herschel Island was Fe(l11) which leads to a lower potential of Fe(l1l) precipitation
compared to Cape Bounty.”

“Would it make sense to have those different C signals in high arctic environments comparatively
after the environment was disturbed? Can we consider reporting that data to prepare other
researchers for data that might not be outliers for future work? Were any considerations of
contamination discussed? Some of that data seemed to be the most interesting and certainly showed
the largest differences between low and high arctic environments. “

We discuss this topic in point 5.3 - Limitations of cDOM measurements from terrestrial sources. The
data was reported in Fig. 7. The data circled in Fig. 7 have disproportionality high absorption values
in relation to the DOC concentration. High CDOM is always accompanied by high DOC
concentrations. Surface waters can have high DOC concentration and at the same time low CDOM in
case the CDOM is highly bleached. Surface waters cannot have high CDOM and low DOC
concentration at the same time, as CDOM is always a part of DOC.

The cuvette measurement is an optical measurement of transmission of the water sample. The optical
transmission is reduced by absorption and by scattering of water and the specific dissolved and
particulate water constituents of the sample. The protocol for CDOM measurements assumes that all
attenuation is due to absorption and not due to scattering on particles because samples are filtrates. If
the colloid size in the samples is changing as it seems to be the case for our samples due to pH
instability, and even form precipitates there is a higher attenuation for this sample due to more
scattering sources in the sample. This additional scattering by newly formed colloids and precipitates
leads to lower transmission measurement that is calculated as very high Optical Density = absorbance
of the sample that is than calculated towards high CDOM absorption. The high absorption in the long
wavelengths are a clear indication for particle contamination in the excluded samples because cDOM
does not absorb at these longer wavelengths. High absorption values at longer wavelengths are caused
by this additional scattering. There is a standard procedure to subtract the onset of absorption at NIR
wavelengths from all samples, but usually these group values are of very low magnitudes of
absorption coefficient only and are just some noise in the data. In case of the contaminated samples,
absorption in the NIR wavelengths was also exceptionally high, that gave another indicator for
removal of samples. Thus, these samples are not natural outliers, but mainly occurred due to changes
in the scattering properties in the samples.



We show the value range of low DOC < 5 mg/l and high acoom350 in figure 7 to prepare other
researchers for such type of data. We also highlight that there is a difference in pH of surface waters
from Cape Bounty compared to Herschel Island and refer to the lithology of the catchment: last text
paragraph in 5.3. Limitations of cDOM measurements from terrestrial sources: “Catchment properties
that influence riverine pH such as the local lithology may play an important role. In case of alpine
and high Arctic catchments with thin or no soil cover, a bed rock composition of acid rocks in the
catchments will lead to lower pH values in surface waters such as it is the case for Cape Bounty.
Whereas surface waters from Herschel Island catchments on glacial moraines and marine sediments
are characterized by higher alkalinity. ”

“Good improvements so far. Consider these revisions to strengthen the work even further.”

Thank you for the helpful general comments about our manuscript. We used these to restructure our
manuscript and extended unclear/missing sections which were requested in the review.

Below we comment on specific comments

Page 1 Line 12: “Climate change is an important control of carbon cycling” reads funny. The first
line of the introduction reads much smoother. Consider this edit: Climate change is affecting the rate
of carbon cycling, particularly in the Arctic.

The sentence was change according to the suggestion:

“Climate change is affecting the rate of carbon cycling, particularly in the Arctic”

Page 5 Line 11: “Typo “where” should be “were” “
Thanks for noticing. We changed this accordingly.

Page 5 Line 29: “What does “This was noted down in the lab” mean? Please edit to “This
information was documented...” And maybe something that says — these samples were removed from
analyses? “

We edited the sentence for clarity.

Page 7 Line 16: “Please add Fig. 3c to the end of this sentence and remove it from the next one. Also,
how is this claimed when there are circles and triangles circled together in these groups on Figure
3c? This is very confusing. “

We moved Fig. 3c. Generally, the low number of samples in Cape Bounty makes a clear interpretation
difficult. However, the groups we describe in this section show trends where the majority of flowing
waters forming one group. Outliers, as the triangle in the group of flowing water, can occur in nature.
It might have happened that this sample is not representative for the mid-stream water but is
influenced by a very local source of DOM.

We adapted the text accordingly:

“Whereas on Herschel Island, the relationship between acDOM350 and DOC follows one linear
trend (rho = 0.72, p < 0.05) the relationship at Cape Bounty is broadly separated into two groups,
namely flowing and standing water. Correlations for both groups are significant (< 0.05) and show
different slopes of the regression. One sample identified as standing water falls into the group of
flowing water. We identify this sample as an outlier that may was affected by very local DOM
sourcees.

Page 7 Line 17: “DOC and SUVA data is on a different figure? This sentence seems out of place if it’s
referring to the next figure and the next thought is back to A350. “
This refers to Table 2. It is added to the text for clarification.

Page 7 Line 17-18: “Wasn't it just stated that there was a difference between these two water types? “
In these lines, we reported no significant difference between the mean value for both water types
(standing and flowing water). However, the mean value might be misleading since e.g. for Cape
Bounty, the number of samples in low concentration range is substantially higher than in the high
concentration range, thus leading to an overall low mean. We added a sub-boxplot presenting DOC,
CDOM, SUVA and S275-295 values for standing versus flowing waters. Reporting only the mean



and the standard deviation (table 2) is likely not representative for the low number of samples
(especially for Cape Bounty). We changed the text accordingly:

“Mean S275-295 on Herschel Island is generally higher (16.4 = 1.5 x 10-1 nm-1) compared to Cape
Bounty (14.8 £ 3.2 x 10-1 nm-1), whereas SUVA values show a broader range on Cape Bounty (from
1.3510 5.16 mg L™ m™) compared to Herschel Island (from 2.0 to 4.3 mg L™ m™) (Table 2)”

Page 7 Line 23-24: ““The headwaters in both rivers showed slightly smaller slopes than the samples
taken downstream.” What does smaller slopes mean? Which rivers? Is this referring to Fig. 4b?
Maybe clarify the use of “slopes” and “S275-295" notation or use “slope values” or “S”. A reader
might be looking for the slope of the relationship.

We removed this sentence since changes from headwater to downstream are described in the
following section. We standardized the use of “spectral slope” or “S275-295" throughout the whole
manuscript.

Page 7 Line 25-26: ““Standing water samples showed significantly larger slopes (p < 0.05) and
significantly smaller SUVA (p < 0.05) than flowing water samples.” Yes, but I had to look for it, since
there are low and high values for standing water. It seems like the standing water samples have data
across broad SUVA and S ranges. Perhaps this should report its broad nature, because the text
doesn’t match the figure very well. Flowing water looks like a broad distribution too, but less so than
standing water. “

We changed this paragraph, see comment above.

Page 7 Line 29-30: “How can this be stated when it clearly increases between 1500 and 1000 m from
the outflow? And again for ICW 30 Jul near the outflow? Consider language like “generally
decreased” and edit the sentence accordingly. Maybe report the percent of decrease if that is
important?

Sentence was edited to:

“At Herschel Island, overall, DOC concentration and ac.pom350 (Fig. 5a) decreased downstream at
all sampling periods. However, we observed a stronger decrease in Ice Creek West compared to Ice
Creek East. Ice Creek West shows an increase in DOC and acpom350 concentration at ~1300 m,
where a tributary joins the main stem. ”

Page 7 Line 30-32: “This is true of most of your other time points. Why is it important to highlight
this point for just these two? “
See above extension of the sentence to clarify the importance of highlighting these two points.

Page 7-8 Line 32 and 1: “Correct, but it contradicts earlier text. Please correct the earlier statement
and move this sentence earlier to improve cohesive reporting.
We changed this accordingly.

Page 8 Line 1-2: “Please add the date in the text so it matches the figure. “
We changed this accordingly.

Page 8 Line 6: “Add Fig. 5b at the end of this sentence ”.
We changed this accordingly.

Page 8 Line 8: “Revise the wording in this sentence to remove “remained with” and insert “had””
We revised this accordingly.

Page 8 Line 10-11: “This information is not evident by looking at the figure. Can some of this
information about between rainfall and post rainfall conditions be made evident? “

We tried different approaches of changing the figure. Displaying the onset of the rainfall event by
vertical blue lines proved to be the best option. No further changes were made.



Page 8 Line 11: “This section compares a lot of trends back to DOC concentration. Is that important?
Or can a general comment be stated more succinctly about DOC and optical properties generally
decreasing longitudinally? Certainly, the values of SUVA for Herschel overlap for ICE and ICW for
the first time showing similar character? Would it be helpful to have the data discussed in terms of
dates? In general, will any values of AcDOM350 and SUVA be discussed to understand what this
character might mean or is it just about reporting increases and decreases? “

We restructured this section. We mostly combined DOC and aCDOM350 for the descriptive part of
the results.

Furthermore, we added a section to the discussion where we discuss the high variability and ranges of
DOC and aCDOM350 in small Arctic catchments. Thus, we believe it is an important result which
needs to be mentioned in the manuscript.

aCDOM350 and SUVA values are discussed in section 5.1.2

Page 8 Line 14: “This kind of language “values were variable...” could be said for all your measured
data points. What is the most important thing to report about the S values? An increase near
headwaters and then...? This section should be setting the stage for why this information best informs
us about this catchment.

We changed and extended this paragraph accordingly:

“Spectral slope values (S275-295) at Herschel Island showed an increase downstream (Fig. 5d).
When sampled on the same day, Ice Creek West showed only slightly smaller spectral slope values
along the stream profile compared to Ice Creek East on 30 July 2016. Significant differences were
observed between different sampling periods in the Ice Cree West. They were smallest after the first
rainfall event and increase progressively over the course of the season. The rivers on Cape Bounty
showed highest spectral slopes for East River (16.1 + 1.6 x 10-3 nm-1) and the lowest for West River
(11.9 + 0.8 x 10-3 nm-1A slight downstream increase in spectral slope was recorded in West River.”

Page 8 Line 15: “Add the date in for the first rainfall event in the text to match the figure. It will
improve clarity. The remaining part of the sentence is clear and is the first mention of seasonal
relationships. Consider this type of language throughout this section. *

Dates were added to text and figure.

Page 8 Line 16: “Why is this important? This sentence structure “We found lows...” is poor scientific
writing. Consider editing this sentence to: “The lowest S values were reported for...” *
See change of the paragraph above

Page 8: There is a lot going on in this manuscript — different catchments (east and west) and seasonal
aspects tracked longitudinally, as well as low and high arctic catchment comparisons. If the main
message of the manuscript is to include a never before low to high arctic comparison, then a strong
point can be made about the differences of each — individually in their catchments (Do east and west
really have different influences and therefore different character? And do different rivers in the high
arctic behave similarly?) — and then also as a comparison on low arctic and high arctic scales. The
DOC concentration, A350, and EC are all quite different when comparing low and high arctic
catchments. The other measured variables are not. Some reporting on this would strengthen the
message of the work.
We restructured the results sections to three main sections according to the objectives stated in the
objectives:

1) DOM characteristics and relationships across low Arctic (Herschel Island) and high Arctic

(Cape Bounty)

2) Hydrochemical and DOM patterns and modifications along longitudinal river transects

3) Temporal trends of DOM with changing meteorological conditions
We hope that this structure helps transfer a synthetic story.
Similar or different behaviors of rivers in and across high and low Arctic are discussion in sections
5.1.2.and 5.1.3.
Generally, results and discussion have been restructured as mentions above in this document.



Page 8 Line 25: “Please add a comma after composition “
Added

Page 8 Line 26: “Please use rivers in this sentence for consistency. Delete streams, unless they are
streams. Same comment again — or just edit for consistency in Lines 28 and 29.
We changed this accordingly.

Page 8 Line 30: “Please add a comma after 350 “
changed

Page 8 Line 31: “This dynamic was not captured in ICE? It looks like the same trends are there in the
figure. Sure, it was sampled at a longer time interval, but some of those trends seem reasonable, just
not as highly resolved as ICW. “

We agree and changed the text to:

“This dynamic was only captured to some extent in Ice Creek East, which was sampled at a longer
time interval. Baseflow had increased after this rainfall event (Fig. 6a).”

Page 8 Line 31: “Please include a result of the EC data after rain event 2.
Description added.

Page 8 Line 32: “Delete the word “had”. “Baseflow increased after this rainfall event (Fig. 6a).””
done

Page 9 Line 2: “Please add a comma after 350 “
Changed

Page 9 Line 2-3: ““SUVA increases with two spikes in the data.” An example of poor scientific
writing. What is important about this result? Please consider revising this to complement the work
accomplished, such as, “SUVA increased sharply on August X and Y, describing a shift in DOM
composition, followed by a general decreasing trend until August Z.” That way, your readers will
associate your measurements change after rainfall events and what’s important about the disturbance
of C in your system. “

We changed the text accordingly. However, we don’t intend to mix discussion and results since “shift
in DOM composition” would rather more belong to the discussion section

Page 9 Line 3: “Please use stronger scientific language. “..a drop in SUVA” can be edited to
“decreased SUVA values”. This section should be edited for consistent tense, i.e. past or present. *
We changed the sentence accordingly and edited the tenses.

Page 9 Line 4-5: “The scale captures the overall variability in the data for a reader, but can it be
stated which direction the data went in the gaps? Those two gaps are right after a rainfall event?
Shouldn 't those trends be reported as well? Increased S or decreased S values? Consider describing
that information in the text and putting the full scale of those points in the caption, so the figure
doesn’t eliminate any information completely. *

We adjusted Figure 2 to show all data including the outliers. The text is also edited for clarification.

Page 9 Line 12: “Fluctuating between AcDOM and AcDOM350. Please check.
We changed the text accordingly

Page 9 Line 14: “These aren 't realistic for natural surface waters, so what could it have been? Could
it have been related to disturbed permafrost? Or some kind of contamination? Does Cape Bounty
represent something unique about the high Arctic? This is very interesting and I'm curious as to why
secondary filtration wasn'’t attempted? It is still a great deal of samples removed from the data set —



25 out of 55! What would have happened if they were incorporated into the study, but marked
appropriately?

Please see explanation following line 22. High CDOM is always accompanied by high DOC
concentrations. Surface waters can have high DOC concentration and at the same time low CDOM in
case the CDOM is highly bleached. Surface waters cannot have high CDOM and low DOC
concentration at the same time, as CDOM is always a part of DOC.

The cuvette measurement is an optical measurement of transmission of the water sample. The optical
transmission is reduced by absorption and by scattering of water and the specific dissolved and
particulate water constituents of the sample. The protocol for CDOM measurements assumes that all
attenuation (attenuation=absorption + scattering) is due to absorption and not due to scattering on
particles because the samples are technically filtrates. If the colloid size in the samples is enlarging as
it seems to be the case for our samples due to pH instability, and even form precipitates there is a
higher attenuation for this sample due to more scattering sources in the sample. This additional
scattering by newly formed colloids and precipitates leads to the lower transmission measurement that
is calculated as absorbance. The high absorption in the long wavelengths are a clear indication for
particle contamination in the excluded samples because of additional scattering.

Page 9 Line 19 and Figure 7: “Suggest plotting SUVA next to AcDOM350 to add to this figure. “
SUVA, as described in the methods, is a parameter which is the DOC normalized absorbance, thus it
is directly dependent on the absorption/ absorbance. The Absorbance is unitless [0-1]. The absorption
is the Absorbance normalized with the length of the cuvette used (the optical path length L),
absorption = absorbance / L with the most common units [m-1] or [cm-1] and used as Decadal
absorption and Naperian absorption (Naperian absorption = Decadal absorption * 2.303). Thus, we
think it is not helpful to plot the SUVA because if absorbance measurement is contaminated SUVA
will be as well.

Page 10 Line 1. “Subheading suggestion: Nature of the DOM concentration and composition
relationship across the terrestrial Arctic OR just add the word concentration into the title”
Subheadings were changed as previously mentioned.

Page 10 Line 2: “Delete “as found” in this sentence. *
Done

Page 10 Line 7-9: “Revise for stronger wording: “However, this relationship is not always strong for
ecosystems where DOM is strongly altered...” Here’s a question: Can’t a photodegradation
argument be made for your sites during the summer? “

This paragraph was changed according to your suggestions:

“However, compared to other reported studies with DOC and cDOM in the same range, cDOM350 is
slightly depleted. This can be a result of stronger photodegradation compared to other sites.
Furthermore, it is reported that the DOC to cDOM relationship can strongly vary throughout the
season and regions (Mannino et al., 2008, Vantrepotte et al., 2015).”

Page 10 Line 10: “Is this insinuating that the DOM you are tracking may be directly a result of
leaching or disturbance from 0-30cm or 100cm depths? Are these permafrost links? ”
These are indeed links with SOCC and vegetation coverage. We added this into the paragraph.

Page 10 Line 26: “Is fresh (less altered) referring to less microbially and photochemically altered? So
freshly produced? Higher aromaticity = fresh material? And prone to degradation? Higher aromatic
freshly produced material — is coming from what? And prone to what kind of degradation? This is an
interesting point and should be clarified. “

Changed to:

“This confirms the hypothesis proposed by Vonk et al. (2015b), that DOM exported from smaller
rivers has a higher aromaticity, which suggests that the material is fresh (less altered by different
degradation processes).”



Furthermore, as described throughout the whole manuscript we refer mostly to photodegradation since
it is indicated by S275-295. The reason why S275-295 is changing with increasing photodegradation
is that no photons are naturally available at 275nm. However, at 295 naturally available light spectrum
starts and photons are available which can “bleach” DOM and 295nm. Keeping this is mind
aCDOM275 will be stable but aCDOM295 will change which ultimately changes the aCDOM slope
of the range between 275 and 295nm

There are no reliable optical characteristics which can point towards microbial degradation.
Indications about “fresh” plant litter with high SUVA and thus higher aromaticity weight and higher
molecular weight with low S275-295 were reported in Helms et al., 2008; Neff et al., 2006; Spencer et
al., 2009; Striegl et al., 2005; Weishaar et al., 2003, and Stedmon et al., 2011.

Page 10 Line 28-29: “A great point to make about sampling smaller catchments and describing their
impact in a changing Arctic climate. This point should be made up front and supported throughout. “
We moved this paragraph to the beginning of the section.

Page 11 Line 1 and section: “This section seems to be more important up front before the current 5.1
and 5.2 sections. Consider reorganizing the order of these discussion points. “

As described earlier in this document, we changed the structure of the discussion section according to
the suggestions. This section is now the first part in the discussion.

Page 11 Line 11: “Fresh DOM is high SUVA? An explanation should be discussed here. Is this
freshly produced? Or freshly released? And the next sentence describes fresh as low autochthonous
production. Fresh as in — newly introduced? “

We changed this paragraph to:

“This includes degraded (higher S275-295), which was prone to mobilized or remobilized from
permafrost since longer time already, and older (lower SUVA) organic matter which was freshly
mobilized from lower soil horizons in the permafrost.”

Page 11 Line 16-20: “Check with figure. Both symbols are circled in these groups and a clear
relationship is not apparent.
See explanation in results

Page 11 Line 22: “Please add a comma after “intensity” “
done

Page 11 Line 27: “What kind of degradation? “

This is valid for microbial and photodegradational processes.

We clarified sentence:

“...degradation processes both, microbial and photodegradation”

Page 11 Line 28: “Deeper in the active layer? Of what? Soil? Permafrost? These are important
points to continue to tie together throughout the manuscript. And it suggests that rainfall mobilizes
different types of C. “

“Active layer” is a term which is commonly used for permafrost soils, thus, yes — this refers to
permafrost.

“Of what? Soil? Permafrost? These are important points to continue to tie together throughout the
manuscript.”

In this context “deeper in the active layer” can only mean deeper into the top layer of soil that thaws
during the summer and freezes again during the autumn. This is a common terminology in permafrost
research.

The type of soil is described in the section study area.

We further modified the sentence:

“...the active layer containing potentially older carbon (decreasing SUVA and increasing S275-295
at the outflow and throughout the profile) than surface soils with mostly recently fixed carbon from
modern plants.”



Page 11 Line 30: “Please add the word concentration after DOC”
done

Page 11 Line 31-32: “Indicative of more decomposed material — meaning the mobilization of more
decomposed material from???”
This is discussed in Coch et al. (in review) as indicated in the following sentence.

Page 12 Line 4: “What isotope? “
See comment above. We added the reference:
“...the isotopic signature of rain (Coch et al. (in review).”

Page 12 Line 6-7: “Delete “after the first one” and add “later”. Also, what’s important about this
timing to the DOM story? “

Done. The timing between rainfall events control soil moisture and flow pathways. If the soil is
saturated when a rainfall event occurs (i.e. short duration between rainfall events), we see a
mobilisation of surface OM.

Page 12 Line 9-10: “Was that trend reflected in your data? *
No, this is a discussion based on reported literature which we think might explain the characteristics
of our data.

Page 12 Line 16: “Please add the word concentration after DOC and delete the word “there”. *
done

Page 12 Line 18: “The definition of fresh seems to be changing. Consider a usage of it to indicate
mobilization.

We changed the text accordingly

Page 13 Line 1: “Provide a definition of labile here to improve clarity. ”

We added an explanation to the sentence:

“These studies found that permafrost-derived DOM is more labile and thus easily used by bacteria
compared to surface (organic mat) DOM™

Page 13 Linel-2: “You showed that stormflow alters flow pathways? This seems like an
overstatement.

We changed the sentence to: “...we show that different flow pathways are activated during stormflow
conditions at the Low and High Arctic locations, which influence the quality of DOM exported.” In
fact, flow pathways are different during baseflow and rainfall conditions, see also Coch et al. (2018).

Page 13 Line 5: “What kind of degradation? *

We changed this paragraph to:

“Based on the optical properties, this material shows low molecular weight and aromaticity, i.e. it is
already altered. In contrast, rainfall events of high magnitude and intensity that act on saturated soil
lead to shorter residence time in the flow path and thus export more fresh (less altered due to different
degradation processes) near-surface-derived DOM (higher SUVA and lower S275-295).”

Section 5.3.2: “Much improved. Again, the whole 5.3 section should be 5.1 and reordered. “
Done as described earlier!

Page 13 Line 14: “What kind of degradability? “

Changed to:

“Vonk et al. (2015b) showed that the microbial and photo-degradability decreased from small
Streams towards larger rivers within the continuous permafrost zone.”



Page 13 Line 18-19: “The objective was therefore to... doesn’t make any sense. Can you elaborate
here? Our objective was therefore to investigate the upstream to downstream patterns in smaller
coastal catchments to understand...? Tie in the information from the previous sentences. *

Changed to:

“Our sampling strategy along the rivers in combination with detailed mapping of the catchments with
a focus on permafrost disturbances, provide insights into upstream to downstream patterns in small
coastal catchments in the Low and High Arctic.”

Page 13 Line 20: “Please add a comma after SUVA “
done

Page 13 Line 21: “Please add a comma after 295”
changed

Page 13 Line 20-21: “So what does that mean? What kinds of C are coming in, transforming,
whatever? “
The interpretation of this signals is given at the end of the paragraph which was adapted following:

“The locations at 2000 m and 1300 m distance from the outflow show distinct high values of DOC
and acDOM350 compared to the other locations downstream of them. These high concentrations are
a result of degrading ice-wedge polygons, which heavily influence DOM in the headwaters of the
stream (Coch et al. in review). The location at 1300 m marks the inflow of another headwater
tributary impacted by degrading ice-wedge polygons. Thus, main expected sources for fresh mobilized
DOM, from deeper permafrost soil horizons, are headwaters and water from the tributary. This is
supported by high SUVA and low S275-295 indicating high molecular weight.”

Page 13 Line 23: “This information of the tributary is really important. Add it to the figure. “
We added this to the figure.

Page 13 Line 33: “This sentence looks cut off- What’s the point to be made with these ideas? *
We deleted this part.

Page 14 Line 2: “Add the word concentration after DOC “

Done

Page 14 Line 5: “Use the past tense here. “

Done

Page 14 Line 15: “Consider ending this section with comparative low and high arctic themes and
impact. “

An additional paragraph was added:

“Overall, DOM characteristics in both study areas are affected by local permafrost disturbances. In
sampling transects which are not affected by permafrost disturbances, gradual degradation was
observed.”

Page 14 Line 18: “A note on the strength of the message. Permafrost disturbance is continuously
happening but exacerbated with rainfall events? Are they connected or not? That message might be
good up front and then supported here; it is lost throughout the text.
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We inserted the sentence: “Degrading ice-wedge polygons and retrogressive thaw slumps impact
DOM quantity and quality in the catchments.”. We did not directly study the connection between
disturbance and rainfall events, thus, there is no clear message here.

Page 14 Line 22: “And C quality, right? “
C quality differences are described later in the Conclusion.

Page 14 Line 26: “Please add a comma after 295 “
Done

Page 14 Line27: “How can your measurements describe C prone to degradation? *
changed

Page 14 Line 28: “Streams or rivers? And why is this useful tool for assessing downstream patters
important to your study? Drive the message home? “
We think the “why” is explained in the following sentence

Page 15 Line 12: “Please add a comma after H.L.
done

Page 15 Line 13 and 14: “Typo. Analyzes should be analyses. “
changed

Page 15 Line 14: “Please delete the comma after analyses and add the word and. Also, correct the
word visualized to interpreted. “
done

Page 15 Line 15: “Please add a comma after S.L. “
Done

Page 15 and 16: “The authors fluctuate with usage of lab and laboratory. Please correct the usage of
lab to laboratory where appropriate.
We changed this accordingly.

Figure 1: “Greatly improved. Are the subzones discussed in the text? Is it important in this figure?
Please add a comma after West River in Line 6 Figure 1 caption.
Yes, they are discussed in section 2.

Figure 2: “What would CB'’s data look like if the eliminated samples were added to this figure? A few
times in this manuscript the words absorbance and absorption are interchanged. Consider using only
one version of this word. “

We checked the use of absorbance and absorption throughout the manuscript and each use we think is
correct.

The Absorbance is unitless [0-1]. The absorption is the Absorbance normalized with the length of the

cuvette used (the optical path length L), absorption = absorbance / L with the most common units [m-
1] or [cm-1] and used as Decadal absorption and Naperian absorption (Naperian absorption = Decadal
absorption * 2.303).In methods we introduce the use of both words.

Figure 3: “In (b) it is difficult to see the data behind the blue dots of ICW downstream. The gray and
orange data points are covered. Can they be overlaid for easier visualization? Define what the two
groups are in (c) in the caption. As mentioned earlier, these two groups encompass both circles and
triangles so what is special about these groups if not water type? “

We added transparency to the points and decreased the size.

We added explanation for the “outlier” earlier in this document as well as in the manuscript.

Figure 4: “It might be worth noting that SUVA is calculated at A254nm.

11



This is described in the method section of the manuscript

Please add a comma after the word downstream in Line 4.

comma added.

Use consistent language for water type — circles and triangles. In this caption, please edit dot to
circle.

We edited this accordingly.

In (b) it is difficult to see the data behind ICW downstream, similar to Figure 3. “

We added transparency to the points and decreased the size.

Figure 5: “Might it be helpful to mark tributaries on the Herschel Island figure? Didn’t that feature
change some of the measurements? “
We marked the tributary in the figure.

Figure 6: “Annotate which direction the data goes for the gaps in S in (e) or describe the 6x increase
or whatever amount of increase or decrease in the caption. “
The outliers are now presented in Fig. 2.

Figure 7: “Delete the word “to” in Line 4 before the word “high”.

Changed to:

“The samples circled in black show disproportionately high absorption values in relation to the DOC
concentration”

This part of the data still gives pause, since other values are around 40, but with higher DOC
concentrations. Can these really be excluded? Consider adding SUVA as a second panel to this
figure.

Yes, this data needs to be excluded as described carefully in the methods and in a whole section of the
discussions. This extreme DOC to cDOM350 relationship that is encircled in black is unrealistic and
cannot exist for natural surface waters. There is no mechanism that can explain high cDOM and at the
same time very low DOC concentrations. These cuvette measurements had low transmission values
due to additional scattering that is not assumed to occur in the cDOM protocol because samples are
assumed to be filtrates and all reduction in transmission is per CDOM protocol measured absorbance.
There are also more excluded samples showing some precipitates that are not outliers in terms of the
DOC to cDOMB350 relationship (yellow circles and triangles) and seem to be correct. We did not use
these samples for analyses in this study as we had detected the group with the problematic DOC to
cDOM350 relationship and wanted to be careful

Table 1: “Soil organic carbon content in the table can be abbreviated to SOCC.
Done

This table is a nice tie in with Figure 1, with annotations regarding the subzones. Can more of that be
incorporated into the text so that the reader is reminded that the different rivers correspond to
different vegetation types? “

This description can be found in the Study Site section and along the discussion.

Table 2: “Add a comma after pH in Line 3 and standing waters in Line 4.
Done
Are the significant differences highlighted in the table discussed in the main text?”

Yes, described in the result section and discussed
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knowledge is limited with regard to small catchments that cover more than 40 % of the Arctic drainage basin. Here, we use
absorption measurements to characterize changes in DOM quantity and quality in a Low Arctic (Herschel Island, Yukon,
Canada) and a High Arctic (Cape Bounty, Melville Island, Nunavut, Canada) setting with regard to geographical differences,
impacts of permafrost degradation and rainfall events. We find that DOM quantity and quality is controlled by differences in

vegetation cover and soil organic carbon content (SOCC). The Low Arctic site has higher SOCC and greater abundance of

stormflow conditions and in relation to permafrost disturbance. DOM in streams at both sites demonstrated optical signatures
indicative of photodegradation downstream processes, even over short distances of 2000 m. Flow pathways and the connected
hydrological residence time control DOM quality. Deeper flow pathways allow the export of permafrost-derived DOM (i.e.
from deeper in the active layer), whereas shallow pathways with shorter residence times lead to the export of fresh surface and

near-surface derived DOM. Compared to the large Arctic rivers, DOM quality exported from the small catchments studied

composition...

~ [ Deleted: an important control

{ Deleted: riverine

{ Deleted: than in the High Arctic. Dissolved

{ Deleted: than in the High Arctic. DOC

~ [ Deleted: Slope and Slope Ratio

~ -| Deleted: This has important implications for the carbon cycle,
especially with regard to climate change. Optical

- ‘[ Deleted: changes in

N { Deleted: sources




20

25

30

1 Introduction

Climate change has important impacts on carbon cycling, particularly in the Arctic. Approximately 1300 Gt of organic carbon

are stored in permafrost soils in the northern hemisphere (Hugelius et al., 2014), which is 40 % more than currently circulating

in the atmosphere. Thawing permafrost and deepening of the active layer leads to the mobilization of this carbon (Osterkamp,

2007; Woo et al., 2008), the release of carbon dioxide (CO;) and methane (CHs) to the atmosphere (Schaefer et al., 2014), and

slumps (Lacelle et al., 2010; Lamoureux and Lafreniére, 2009; Lewkowicz, 2007; Ramage et al., 2018), and thermal

perturbation of the subsurface (Lafreni¢re and Lamoureux, 2013). As these processes influence freshwater systems, they

- { Deleted: to

) ‘[ Deleted: Associated

B { Deleted: also

ultimately have impacts on the biological production and the biogeochemistry of the Arctic Ocean. The six largest Arctigrivers - { Deleted: arctic

(Mackenzie, Yukon, Ob, Yenisey, Lena, Kolyma) drain 53 % of the Arctic Ocean drainage basin (Holmes et al., 2012) and

estimates and information on DOM quality available for the remaining 47 %, which are sourced by smaller watersheds. “Small”

in this context refers to smaller than the large Arctic rivers, as the actual size distribution of these watersheds remains unknown.

- - [ Deleted: into

Terrigenous DOM is an important source of DOC originating from allochthonous (terrestrial such as soil and plants) and< - - { Formatted: Tab stops: 10.11 cm, Left

autochthonous (in situ production) sources (Aiken, 2014), and, is modified by biotic and abiotic processes during its lateral - { Deleted: . It
transport to the ocean (Tank et al., 2018; Vonk et al., 2015a; Vonk et al., 2015b). Yet,little is known about the transformation - { Deleted: ,
of DOM along short distances in small catchments. The composition and the vulnerability of riverine DOM to transformation, _ — { Deleted: ofriverine DOM

is influenced by several factors such as soil organic matter and vegetation, sorption processes in the mineral layers, and
biodegradation and photodegradation processes (Cory et al., 2014; Mann et al., 2012; Vonk et al., 2015b; Ward and Cory,
2015; Ward et al., 2017). Chromophoric or colored dissolved organic matter (cDOM) is a fraction of DOM, which absorbs
light in the ultraviolet and visible wavelengths (Green and Blough, 1994). Optical characteristics of cDOM such as absorption
coefficients and spectral slopes can serve as proxies for DOM molecular weight and aromaticity, which in turn can help to
characterize the lability of DOM (Helms et al., 2008; Neff et al., 2006; Spencer et al., 2009; Striegl et al., 2005; Weishaar et
al., 2003). High SUVA values (UV specific absorbance at 254 nm) in combination with low S275-295 (spectral cDOM slope

between 275 and 295 nm) values indicate “fresh” DOM, or systems of shorter residence time receiving a greater input of fresh

DOM from the catchment area. In contrast, low SUVA and high S275-195 are considered indicators of limited inputs of fresh

L L JL

Previous studies have focused on characterizing the cDOM-DOC relationship, for the large Arctic rivers and coastal shelf areas, - { Deleted: ratios

which exhibits, a strong seasonality (Spencer et al., 2008; Stedmon et al., 2011; Walker et al., 2013). Somg, studies have - { Deleted: exhibit

investigated cDOM-DOC relationships in smaller Arctic catchments: Dvornikov et al. (2018) examined cDOM characteristics ‘ { ﬁe?;;gigzis ‘3’?:131;0 shown by a global synthesis (Massicotte et
al., . and o
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et al., 2009; Cory et al., 2015; Larouche et al., 2015; O'Donnell et al., 2014) and the High Arctic (Fouché et al., 2017; Wang
et al., 2018). Optical parameters have also been used to assess the impact of permafrost disturbance on stream geochemistry

in Alaska (Abbott et al., 2014; Larouche et al., 2015) and the Northwest Territories (NWT), Canada (Littlefair et al., 2017).

As most studies focused on downstream reaches, knowledge on the spatial variability across catchments is limited. To our
knowledge, no study has examined this relationship in a Low Arctic setting or attempted to resolve geographic differences

between the Low and High Arctic.

Here, we investigate, cDOM and DOC in surface waters in the Low Arctic (Herschel Island, Yukon, Canada) and the High - { Deleted: study

of DOC concentration and cDOM in Low and High Arctic surface water environments, (2) to investigate changes in DOM__ _ - { Deleted: High and

- { Deleted: and

2 Study Area

This study was carried out in two Arctic locations, Herschel Island in the Low Arctic and at the Cape Bounty Arctic Watershed

continuous permafrost with ground ice content between 30 and 60 % for the entire island. Physical permafrost degradation
typically occurs in the form of retrogressive thaw slumps (Lantuit and Pollard, 2008) and active layer detachments (Coch et
al., in review). Ramage et al. (2019) reported mean active layer depths of 52.2 +20.2 cm. Soil organic carbon content (SOCC)
for valleys on the eastern side of Herschel Island was estimated to be 11.4 + 3.7 kg m? at 0 - 30 cm depth and 26.4 + 8.9 kg m?
at 0 - 100 cm depth with a C:N ratio of 12.9 £2.2in 0 - 100 cm depth (Ramage et al., 2019). The dominant vegetation type is
lowland tundra (Myers-Smith et al., 2011; Smith et al., 1989) and can be classified into subzone E (CAVM, 2003), which
corresponds to the Low Arctic. The mean annual air temperature and yearly precipitation between 1971 and 2000 at Komakuk
Beach, the nearest long-term meteorological station ~40 km away from our study site, are -11 °C and 161.3 mm respectively.

The mean July temperature is 7.8 °C and average precipitation is 27.3 mm (Environment and Climate Change Canada, 2018).

{ Deleted: disturbance
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Deleted: Climate change will substantially alter Arctic freshwater
systems and carbon budgets. This study helps to understand and
anticipate these changes.

Snowmelt is the largest hydrological event of the year occurring in May to early June. Summer baseflow after, mid-Juneis, { Deleted: from

controlled by rainfall events (Coch et al., 2018). The active layer freezes up by mid-November (Burn, 2012). The studied

catchments unofficially named Ice Creek West (1.4 km?) and Ice Creek East (1.6 km?) are adjacent to each other and merge

‘[ Deleted: June onwards is

before draining into the Beaufort Sea (Fig. 1b, Table 1). Both sampled ponds in Ice Creek West are <, 1 ha, and there, are __ - { Deleted: into an alluvial fan

characterized by Devonian sandstone and siltstone bedrock overlain by Quaternary marine and glacial sediments (Hodgson et
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al., 1984). The soils are categorized as cryosols with a thin organic horizon. The site is situated in the zone of continuous
permafrost, and active layer depths typically range from 50 to 70 cm (Lafreniére et al., 2013). Permafrost degradation such as
deep thaw and physical disturbances have altered hydrochemical fluxes of the rivers (Lamoureux and Lafreniére, 2017). The
vegetation cover is patchy with polar semi-desert, mesic tundra and wet sedge meadows (Edwards and Treitz, 2018), and falls
into subzones B and C (CAVM, 2003). Soil organic carbon is estimated to be 3.0 kg m?in 0 - 30 cm depth, and 10.2 kg m? in
0 - 100 cm depth (Hugelius et al., 2013), with a C:N ratio of 10.0 in 0 - 100 cm depth (ADAPT, 2014). The nearest long-term

meteorological station is located ~ 300 km away, at Mould Bay (NWT). Between 1971 and 2000, the mean annual air

. average

: , whereas mean

: flow typically

1 mid- to

L ) L )

o U L)

HES
thaw slump in the Robin Creek watershed, and a number of recent (since 2007) active layer detachments and other disturbances - \[ Deleted: 4
in the other watersheds, The sampled lakes and ponds cover a range of sizes from below 1 ha in West River, to the larger - [ Deleted: West River watershed.
downstream West and East lakes (~140-160ha). | _ -~ [ Deleted: 120-
3 Methods
3.1 Field methods and hydrochemistry
To explore downstream changes in DOM across regions, we used a transect approach in this study. Samples were taken along
longitudinal stream profiles in catchments and additionally, samples were collected from standing water bodies (ponds and - { Deleted: at Herschel Island
lakes) (Fig. 1)..We alsq, obtained discharge records and water samples from the outflow of both catchments at Herschel Island_  { Deleted: Cape Bounty (Fig. 1). Addiionally,
over the course of the 2016 season, as detailed below. 4 \\\\ % z::::::i :u:;:“ec'e‘i'
Field work on Herschel was carried out in July-August 2016. We measured discharge using a cutthroat flume equipped witha . N { Deleted; ecordings
U20 Onset Hobo level logger in Ice Creek West. Discharge data at 30 minute intervals is available from 15 May 2016 and at \{ Deleted: summer
5 minute intervals after 22 July 2016 (Coch et al., 2018; Coch et al., in review). In Ice Creek East, discharge was determined
using the area velocity method in combination with a U20 Onset Hobo level logger (see Coch et al. in review for a detailed
description). Data in Ice Creek East is available at 5yminute intervals after 25 July 2016. Weather data is available from the - { Deleted:
local Environment and Climate Change Canada station, and from an additional station deployed in Ice Creek West during the - { Deleted: Station
summer. Water samples were collected in bottles triple rinsed with samplg at the outflow of both streams between 20 July and__ ‘\ i { Deleted: a
10 August. At the outflow of Ice Creek West, water samples were collected using an automatic water sampler (ISCO 3700) at \V‘i { Deleted: after

{ Deleted: rinsing the sampling bottle

a 12-hour interval between 25 July and 10 August and more frequently during rainfall events (between 1-3 hours). Prior to the

automatic sampling, and also in Ice Creek East, water samples were taken manually once per day. We collected water samples
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distance from the outflow) and following the channel, downstream (Fig. 1). Longitudinal profiles were sampled,3 times in Ice -~ { Deleted:

river

(D U U | W

(D N W

Creek West (20, 25 and 30 July) and once in Ice Creek East (30 July). Samples of flowing water, are available from Ice Creek 7\ i { Deleted: This was done
West (n1=90), Ice Creek East (n=32) and the alluvial fan (n=8). Standing water samples (n=4) were collected from 2 ponds in - { Deleted: waters
the Ice Creek West catchment.
The field work at CBAWO, took place during, August 2017. All,samples were collected manually after triple rinsing Ehg,bqttlc/\i _ - { Deleted: Cape Bounty
with sample water. Similag, to the Herschel field work, we collected samples along longitudinal stream profiles. Robin Creek \{\\\\ { Deleted: in
is a subcatchment of Boundary River (Fig. 1), where stream samples were collected at six locations downstream of a | N . \{ Deleted: water
retrogressive thaw slump. Three lakes were also sampled in the Boundary river catchment, and 2 samples from the main \\} z::::::; SZTmp:;::ly

- {Deleted: river
River catchment, some of which were collected after the rainfall event on 12 August 2017. In East River, 4 samples are - ‘[Deleted: river
available from the stream and 8 samples from standing water bodies.
Within 24 hours of sampling, electrical conductivity (EC) and pH were measured in the field laboratory, After collection, water _ — { Deleted: lab
samples were filtered through pre-rinsed 0.7 pum GF/F syringe filters and wereg, then stored cool and dark for transport to the [ Deleted: where
Alfred Wegener Institute, University of Hamburg and Geoscience Research Centre GFZ, Germany, where analysis for DOC___ - { Deleted: -
and cDOM were carried out. Water samples for absorbance measurements were kept in brown glass bottles without acidifying. o { Deleted: -
Samples for DOC analyses were acidified with HCI (30 % suprapur) prior to the measurements. In 2016, DOC measurements
were performed on a Shimadzu TOC-L analyzer with a TNM-L module (University of Hamburg), whereas a Shimadzu TOC-
VCPH analyzer was used in 2017 (AWI). The error for these measurements is below 10 %.
Inorganic carbon, was sparged out using synthetic air prior to the measurement. As we had a shortage of HCI in the field in - { Deleted: (T10)
2016, 82 of the samples were frozen and acidified upon return to Germany. After new acid was acquired later in the summer,
sample duplicates (n=47) were processed directly in the field and also frozen. The frozen duplicate was thawed and acidified
upon return to determine the effect of different sample treatment (Coch et al. 2018). There is a significant linear relationship
(p<0.05,n=47,R?=0.87) between DOC concentrations of unfrozen and frozen sample duplicates. Samples that were frozen
in the field, and subsequently thawed and acidified upon return to Germany showed lower DOC concentrations (by 13%) than
samples that were acidified directly in the field and kept unfrozen. We corrected the frozen samples for this offset
(Supplementary S1). In both years, deionized water used in the field was also analyzed as blank following the same procedure, - { Deleted:
The absorbancewas measured for the wavelengths from 200 to 800 nm with 1 nm increment using a,LAMBDA 950 UV/VIS, _— - {Deleted: of cDOM
Spectrophotometer (GFZ Potsdam). The measurements were made in duplicates,using a 5 cm, cuvette and Milli-Q water asa \‘\i % Deleted: ona

NI Deleted: Vis

ANAAN

thin flakes, which partly remained in suspension or accumulated at the bottom of the flask. This precipitation occurred after '\

blank, Some of the water samples showed fine particles precipitated in the sample bottle. They appeared in the form of small \\\ N
N

of ...

Deleted:

) for the wavelength from 200 to 800 every 1 nm (average

the samples were filtered through 0.7 um glass fiber filters, transported to the laboratory for storage of about 4 weeks. This \\\\{ Deleted:

\\{ Deleted: 5cm
. L. . . . B N { Deleted: reference to check for instrument drift.
interference of the spectral characteristics by the particles might have occurred. This was the case for 25 (out of 55) samples
\ { Deleted: noted down in the lab
at Cape Bounty and for 8 samples (out of 134) at Herschel Island. \{ Deleted: for those samples
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The Naperian spectral absorption coefficient of cDOM (acpom(A)) was calculated out of the mean of each duplicate with

Acpom W (7‘)’171) (7\) (mfl) - 2.302(Avample()‘) —'flrefm'ence(ﬂ)z ;mz”u .
(€]
where Auunplyis the absorbance of the sample. Aveference the absorbance of the Milli-Q reference and L the optical path length of - { Deleted: A,

the used cuvette in the spectrophotometer (L=0.05 m). The decadal absorption is multiplied by 2.303 that is the conversion

factor of base 10 to base ¢ logarithm to derive the Naperian absorption coefficient that is used for cDOM.

_1y2:303+(Asample(A) —Areference(y
cDOM)(m™1) - 2)
JThe absorption was corrected for scatter using a bascline correction by subtracting acom(700) (Hancke et al., 2014; Helms et _ - -{ Deleted

_ - { Deleted: to be

acpom for wavelength ranges from 275 to 295 nm, (S275-295) and 350 to 400 nm, (S350-400) were calculated using Eq. (2) and__ ) { Deleted: slopes
S { Deleted: 295nm

the decadal absorption (Azss / L) at 254 nm (m™') where Aosy is the absorbance at 254 nm and L the optical path length of the

used cuvette in the spectrophotometer by DOC (mg I''). Both parameters, SR and SUVA, have been related to the relative
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range. To compare our data with different studies we converted absorption coefficient values reported in various studies o~ R { Formatted: English (United States)

\{ Deleted: Where

o JC . L)
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as mean + standard deviation. [ eleted: 1
3.2 Statistical Analyses
We used RStudio (Version 1.0.153) to perform statistical tests (RStudio Team, 2016). Normality was tested using the Shapiro-
Wilk normality test. To determine the difference in means of two populations, we applied the Welch’s two sample t-test if the
data was normally distributed with unequal variances. In the case where data was, not normally distributed, we used the - { Deleted: of
Wilcoxon-Mann-Whitney test. To measure the relationship between two variables, we used the Pearson correlation coefficient ) { Deleted: data

for normally distributed data and the Spearman rank correlation if the data was not normally distributed.
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Comparing DOC concentrations and cDOM absorption between both study sites, significant differences can be found. The “\ R {
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the entire spectrum (Figure 2a) with a.pom350 of 14.5 5.1 m™ and 5.5 + 4.9 m'!, respectivel
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DOC (2.5 £ 1.7 mg I'") and, a.pom350_(8.5 £ 5.2 m™") compared to other sampled streams, The highest values of DOC and \M\u\

Moved down [2]: The mean annual air temperature on Herschel
Island was -6.3 °C in 2016 with mean temperatures of 9.4 °C in July
and 7.7 °C in August. During the monitoring period, rainfall events
0f33.9 mm (19 July), 9.3 mm (30 July) and 12.7 mm (5 August)
were recorded. CABWO
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4.1 Meteorological conditions and general hydrochemistryq]

J

Moved down [3]: had a mean annual air temperature of -15.3 °C
in 2017, with mean air temperatures of 4.5 °C in July and 1.6 °C in
August. During the monitoring period, two rainfall events of 0.2 mm
(4 August) and 1.2 mm (8 August) occurred.y
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higher (p < 0.05) in surface waters on Herschel Island (1050 + 370
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em™ and 7.2 £0.5 pS em™). Whereas no difference was found for
these parameters between standing and flowing water on
Herschel Island, pH and EC were significantly higher in standing
water at Cape Bounty than in flowing water (Table 2).
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For both study areas, DOC concentrations are substantially higher in standing waters compared to flowing water (Fig. 2¢). ‘\\\““‘H\\\\w
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Furthermore, on Herschel Island, generally upstream waters show higher DOC concentrations and acpom350 compared to ‘\\“\\m,‘\\

Moved down [4]: Robin Creek showed highest EC values and
the largest variability (145 + 213 pS cm™) of the Cape Bounty
rivers, whereas West River showed the overall lowest EC values
(60 =17 pS em™).

downstream waters. At Cape Bounty, samples from standing waters in the East River catchment show the highest DOC

concentrations and a.pom350 values.
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Whereas no difference was found between standing and flowing water on Herschel Island, pH and EC values were significantly

higher in standing water at Cape Bounty than in flowing water (Table 2). Robin Creek showed highest EC values and the _

largest variability (145 £ 213 pS cm™!) of the Cape Bounty rivers, whereas West River showed the overall lowest EC values

(60 £ 17 uS em™). On Herschel Island, both adjacent streams show EC and pH values in the same order of magnitude with a

slight decrease at the alluvial fan outflows.

on Herschel Island, were sampled simultaneously, Ice Creek East showed significantly lower (p < 0.05) DOC concentrations |

and a.pov350 than Ice Creek West throughout the entire profile. At Cape Bounty, DOC concentrations and a.pom350 do not |

show clear downstream trends but are at a rather low <2 mg 1", in all streams. One exception is West River after the rainfall

event on 12 August 2017, where,we found a slight downstream increase of DOC and a.pom350 with generally higher levels of J

__ { Moved (insertion) [4] )

Deleted: 3. Downstream...DOM patterns along longitudinal
stream transects ... ... [7]

Deleted: rivers on Herschel Island and Cape Bounty ...ollowed
different hydrochemical patterns from upstream to downstream (Fig.
5). EC and pH are significantly higher (p < 0.05) in surface waters on
Herschel Island (1050 370 pS cm™ and 8.2 0.2 pS cm'') than at
Cape Bounty (137 + 136 pS cm” and 7.2 + 0.5 uS em'). OnA(" 87 )

{ Moved (insertion) [7]
!/

Deleted: from upstream to ...ownstream for Ice Creek West...at all
times of ...ampling periods. However, we observed a stronger
decrease in Ice Creek West compared to Ice Creek East. Ice Creek
‘West shows an increase in DOC and a.pow350 concentration at
~1300 m, where a tributary joins the main stem., whereas it varies
very little from upstream to downstream in Ice Creek East....On 30
July 2016, when both streams on Herschel Islandrivers...were
sampled simultaneously, Ice Creek East showed significantly lower
(p <0.05) DOC concentrations and a.pom350 than Ice Creek West
throughout the entire profile. At ~1300 m from the outflow, Ice
Creek West shows a slight increase in DOC concentration. ...t Cape
Bounty, DOC concentrations and a.pom350 do not show clear
downstream trends but are at a rather low <remain at a similar level
(<...2mg I'")...in all streams. One exception is West River , except
after the rainfall event on 12 August 2017, wherein West River.
Here,...we found a slight downstream increase of DOC and a.pom350
with generally higher levels of DOC and a.pom350 compared to the
period before rainfall.compared to other Cape Bounty rivers, and also
a more pronounced downstream increase of DOC. East River shows a
slight downstream decrease of DOC....In Robin Creek, we
observedfound...an increase in DOC from 1.3 mg I'' to 1.7 mg I'' as
the stream gets impacted by a retrogressive thaw slump, and
then....DOC decreasesdrops directly...thereafter. Boundary
Riverriver...

... [9]

DOC and acpom350 compared to the period before rainfall, In Robin Creek, we observed, an increase in DOC from 1.3 mg 1!

to 1.7 mg I'! as the stream gets impacted by a retrogressive thaw slump, and then, DOC decreases, thereafter. Boundary River,
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5.1. Catchment processes and DOM alteration
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In addition to higher DOM concentrations, we observed that the sampled surface waters in the Herschel Island catchments

contain DOM with specific optical characteristics for high aromaticity and high molecular weight (Guéguen et al., 2007; Guo

et al., 2007) that are indicative of fresh organic matter (Neff et al., 2006; Stedmon et al., 2011). High value ranges and

variability of SUVA and S275-295 in the surface waters of the Cape Bounty catchments point towards a broad spectra of

different DOM sources and quality. The sampled surface waters throughout the 2017 summer season contain DOM with high

spectral slope values (S275-295) and low SUVA as well as surface waters with low S275-295 and high SUVA. This is due to

different flow pathways, residence time and permafrost disturbance delivering DOM of different quality.

waters with lower acpom350 to DOC ratios is dominated by standing water bodies. High residence times in standing waters

make photodegradation of DOM a dominant process (Vonk et al., 2015b) and result in an increase of S275-295, and decrease
of the cDOM-DOC ratio. The group of surface waters with higher a.pom350 to DOC ratios, higher SUVA and lower S275-295

is, in contrast, dominated by flowing water. Higher turbidity in flowing waters potentially limits photodegradation processes

(Coryetal., 2015; Cory et al., 2014) preserving low S275-295. Within the catchments, there may be also more import of fresh

organic material to the flowing water bodies.

5.1.2 Downstream patterns of DOM and impact of permafrost disturbance

Transport and degradation of DOM is a dynamic process. Vonk et al. (2015b) showed that the microbial and photo-

degradability decreased from small streams towards larger rivers within the continuous permafrost zone. The fate of DOM

along lateral flow pathways from headwater streams through lakes and large rivers to the ocean is altered by photochemical

and biological oxidation (Cory et al., 2015; Larouche et al., 2015), Studies show the importance of headwater systems where

photodegradation (Cory et al., 2014) and bacterial respiration of ancient permafrost-derived DOC are prevalent (Mann et al.

2015). Our sampling strategy along the rivers in combination with detailed mapping of the catchments with a focus on

permafrost disturbances, provide insights into upstream to downstream patterns in small coastal catchments in both the Low

and High Arctic.
At Herschel Island, we found a high variability of DOC, SUVA, and S275-295 in the headwaters of Ice Creek West. The

locations at 2000 m and 1300 m distance from the outflow show distinct high values of DOC and acpom350 compared to the

\
\
\

\
\

\
\
\

Deleted: . Comparing our sites to those found in the literature
confirms the strong positive relationship (rho = 0.85, p < 0.05)
between DOC and a.pom350 (Fig. S3), indicating the robustness for
using the optical parameter acpoum as a proxy for DOC concentration
in terrestrial freshwater systems. However, this relationship holds not
true for sites where dissolved organic matter is strongly altered, for
example through photodegradation (Osburn et al., 2017).
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other locations downstream of them. These high concentrations are a result of,degrading ice-wedge polygons, which heavily _ — { Moved (insertion) [19]

influence DOM in the headwaters of the stream (Coch et al. in review). The location at 1300 m marks the inflow of another
headwater tributary impacted by degrading ice-wedge polygons. Thus, the main expected sources for fresh mobilized DOM

from deeper permafrost soil horizons, are the headwaters and tributary water. This is supported by high SUVA and low S275-

295 indicating high molecular weight.

DOC and a.pom350 are highest in the headwaters and decrease downstream. Combined with increasing S275-295 along both

streams, our results are indicative of a progressive photochemical degradation of DOM. S275-295 has been found a good

indicator for photodegradation of DOM (Fichot and Benner, 2012; Fichot et al., 2013; Helms et al., 2008), and also been

10




observed along a flow-path continuum of the Kolyma River (Frey et al., 2016). They found a relatively constant proportion of

bioavailable DOM along the entire flow path, indicating an acclimatization of aquatic microorganisms to downstream DOM

changes and/or the generation of labile DOM for microbial processing through photodegradation. Cory et al. (2014, 2015) _ - {Moved (insertion) [20]

show at a Subarctic site that DOC in headwater streams, which are directly sourced by soil water, have low prior exposure to
5 light and is therefore prone to photodegradation to CO,.

At Cape Bounty, optical data of downstream patterns is more limited (see section 5.3). West River shows an increase in DOC

concentration,downstream (3 August 2017), which is also reflected in an increase of a;pom350. As discussed by Fouchéetal. _ — { Moved (insertion) [21]

(2017) and Wang et al. (2018). the, West River is characterized by a downstream increase in autochthonous DOM. SUVA and _ - { Moved (insertion) [22]

S275-295 do not show strong differences downstream in the West River suggesting little modification of DOM through

10 microbial and/or photodegradation processes. A retrogressive thaw slump at Robin Creek heavily impacted DOM quality. At
~2100 m distance from the outflow, closest to the slump, we see the highest DOC, S275-295 and EC values and lowest SUVA

indicative of low aromaticity and lower molecular weight.

JAbbott et al. (2014) found that DOM is most biodegradable during active disturbance at sites in the Subarctic. SUVA values _ — { Moved (insertion) [23]

at thermokarst outflows in that study were half in the magnitude of the undisturbed reference waters, indicating less aromatic

15 DOC,High S275-295 and SR were observed in conjunction with geomorphic disturbance in headwater streams of West River _ — { Moved (insertion) [24]

by Fouché et al. (2017). Impact of retrogressive thaw slumps on DOM quality was also studied in the Subarctic Peel Plateau

by Littlefair et al. (2017). They reported similar dynamics at modestly sized slumps as we observed at Robin Creek: DOC

concentration is highest directly at the slump outflow and is lower downstream compared to undisturbed upstream conditions, _ - { Moved (insertion) [25]

The authors attribute low SUVA and high S275-295 within the disturbed site to deep permafrost flow pathways. SUVA values

20 of surface waters in Lake Bounty catchments within the slump and downstream are very similar to the ones reported by

Littlefair et al. (2017). Overall, DOM characteristics in both study areas are affected by local permafrost disturbances. In

sampling transects which are not affected by permafrost disturbances, gradual degradation was observed.

5.1.3 Rainfall event impacts on DOM

Rain magnitude, intensity, and antecedent conditions play an important role for mobilizing DOM in permafrost catchments, _ — { Moved (insertion) [26]

25 At Herschel Island, we captured the response to three different rainfall events through continuous sampling at the outflow and
repeated sampling along the longitudinal stream profile in Ice Creek West.

Rainfall Event-1 (33.9 mm) was captured only at the receding hydrograph at the outflow (Fig. 6), but along the stream profile _ - { Moved (insertion) [27]
in Ice Creek West (Fig. 5). This event of high magnitude and intensity led to high SUVA and low S275-295 values indicatin,

“fresh” plant derived DOM that is prone to degradation processes, both, microbial and photodegradation. After this event, the

30 hydrograph recedes, and the DOM signature during the “post rain” conditions suggests a source from deeper in the active layer
that contains potentially older carbon (decreased SUVA and increased S275-295 at the outflow and throughout the profile)

than surface soils with mostly recently fixed carbon from the vegetation cover, The contrasting response of Ice Creek Westto  _ — { Moved (insertion) [28]

rainfall events 2 and 3, suggests different sourcing of DOM and controlling factors.
11
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During the second rainfall event (9.3 mm), as DOC concentration increased, we found a decrease in SUVA accompanied by

an increase in S275-295. This indicates a decrease in aromaticity and a lower molecular weight, indicative of more decomposed

material. The following event of 12.7 mm led to a decrease in DOC concentration and S275-295 and an increase in SUVA

indicating an increase in aromaticity and a higher molecular weight — suggesting fresher and lignin-rich plant derived DOM,,

A change in water sources for these two rainfall events was examined by Coch et al. (in review). Whereas runoff during the

9.3 mm rainfall event showed the signature of supra-permafrost water, which was forced out during that rainfall event, runoff
during the subsequent 12.7 mm rainfall event reflected the isotopic signature of rain (Coch et al. (in review), Thus, the DOM

was first sourced from the surface and through the entire active layer and had a longer residence time than the rain event after.
These results indicate that antecedent (pre-rainfall) soil water conditions play a crucial role for the sourcing of DOM. The

second rainfall event (9.3 mm) occurred about 10 days later, whereas the time difference between the second and the third one
was less than 4 days (i.e. the soil was saturated mobilizing surface OM),In addition to the antecedent conditions, the magnitude
and intensity of the rainfall event might also play an important role here. The 9.3 mm rainfall event occurred over a period of
3 days. Thus, the flow pathways during this event might be deeper in the active layer mobilizing more decomposed OM (Marin-
Spiotta et al., 2014). In contrast, the subsequent 12.7 mm event occurred within 1 day, which presumably led to increased
overland flow and the mobilization of surface OM. Baseflow in this catchment is increasing with summer rainfall and as the
summer season progresses (Coch et al., 2018). The authors also reported a linear increase of DOC export with increasing
runoff. Our dataset shows that the quality of exported DOC depends on the intensity of rainfall and the antecedent conditions,
which in turn determine hydrological flow pathways and sourcing of DOM.

When sampling before and after rainfall on Cape Bounty (West River), we found a substantial increase in DOC concentration
compared to the pre-rainfall concentrations, Fouché et al. (2017) conducted an extensive study of DOM quality in four
headwater streams of West River (Cape Bounty) and also reported an increase in DOC concentrations and fluxes during
stormflow. They observed a change in DOM quality: enrichment in fresh low molecular weight (LMW), microbially-derived,
components as indicated by an increase in $275-295 and a decrease in SUVA during rainfall. Although we do not have data

on the optical properties for West River before the rainfall event, similar concentrations of DOC in the West and East rivers
point towards similar optical characteristics at that time. Baseflow in undisturbed High Arctic headwater streams seems

therefore characterized by more high molecular weight (HMW) humic-like components with high aromaticity (low spectral

slope and increase in SUVA) relative to stormflow DOM. In turn, stormflow leads to an export of DOM characterized by lower

molecular weight and decreased aromaticity (high spectral slope, decreased SUVA),Fouché et al. (2017) explain this pattern

by a change in flow pathways from shallow active layer soils (baseflow) to subsurface runoff (rainfall), where soluble

components from mineral soils deeper in the active layer are mobilized. Associated with the change in DOM quality, they also
found an increase in total dissolved solids (TDS) supporting this hypothesis. Impacts of changing flow pathways on DOM

quality are also reported from a subarctigsetting by Balcarczyk et al. (2009). The increased residence time of percolating water

through the active layer leads to a selective sorption of compounds to mineral soil particles. The authors describe that
hydrophobic compounds are absorbed, while hydrophilic compounds remain in the solution, and are therefore exported from

12
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the catchment (Balcarczyk et al., 2009). Further, an increased residence time and subsurface flow mobilizes DOC that is more

microbially degraded (Striegl et al., 2005; Ward and Cory, 2015).

Several studies anticipate a shift towards deeper flow pathways as active layer depths increase with climate change (Drake et

al., 2018; Liljedahl et al., 2016; Mann et al., 2015; O'Donnell et al., 2014; Ward and Cory, 2015). These studies found that

permafrost-derived DOM is more labile and thus easily used by bacteria compared to surface (organic mat) DOM. As described

above, we show that different flow pathways are activated during stormflow conditions at the Low and High Arctic locations

which influences the quality of DOM exported, At the Low Arctic setting our data suggests that more permafrost-derived _ — ‘[Moved (insertion) [35]

DOM s exported with increasing baseflow during the season and during a rainfall event of smaller magnitude and lower
intensity. Based on the optical properties, this material shows low molecular weight and aromaticity (i.e. it is already altered).

In contrast, high magnitude and intensity rainfall events that act on saturated soil lead to shorter residence time in the flow

path and thus export more fresh (less altered due to different degradation processes), near-surface-derived DOM (higher SUVA

and lower S275-295). As summer rainfall is projected to increase across the Arctic (Bintanja, 2018; Bintanja and Andry, 2017)

an increase in DOC export is expected (Coch et al. 2018). Small catchments in the subarctic Canadian Shield have already

(Spence et al., 2011; Spence et al., 2015). The DOM quality will depend on the residence time and thus, flow pathways within

the catchment, which in turn is controlled by the frequency and magnitude of the rainfall events and the thaw depth of the

active layer.

5.2 DOM dynamics of small and large Arctic catchments

The knowledge of ecosystem responses to external disturbances is necessary for predictive models. Flux of DOM is a+ — — ‘[Formatted: Tab stops: 0 cm, Left + Not at 10.11 cm

significant input into Arctic coastal oligotrophic marine environments. The major Arctic catchments cover approximately half

of the Arctic drainage basin, whereas the remainder is covered by the complex network of smaller catchments. In the Arctic,

most historical data and studies on riverine DOM dynamics are from the major Arctic catchments. Research on small

catchments may yield different information to riverine DOM of the major Arctic catchments.

organic carbon content (SOCC) in 0-30 cm and 0-100 cm depth as retrieved from Hugelius et al. (2013). We found a positive
correlation (rho = 0.53/0.51, p < 0.05) between SOCC and DOC concentration, indicating that vegetation coverage and the

(rho=0.26 /0.34, p < 0.05). It is important to bear in mind that the northern circumpolar soil carbon database is a product of

upscaling and will most likely not cover the spatial variability reported in the studies. Nevertheless, the data shows a decrease

shifted, towards a nival-pluvial flow regime leading to substantial increases in organic matter fluxes during fall and winter _ - {Moved (insertion) [36]
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data on waterbodies with small subcatchments but located within the Jarge Arctic river floodplains with very large catchment { Deleted: lakes in

sizes. For example, Dvornilov et al. (2018), report untypically high ¢cDOM for tundra lakes in Yamal (Western Siberia) and {Deleted: Skorospekhova et al. (2016)

Skorospekhova et al. (2016), for tundra lakes in the Lena Delta (Central Siberia), which are all influenced by the spring flood - { Deleted: and DOC concentrations

of the large rivers seasonally flashing high amounts of organic material into thesg lakes. h ‘[Deleted: .

Strong positive correlations between DOC and a;pom350 found in this study (Fig. 3a) is also characteristic for riverine DOM > { Deleted: delivering

{ Deleted: the

of the large Arctic rivers (Walker et al., 2013), across the land-ocean continuum in the Eastern Arctic (Juhls et al., 2019; Mann

- ‘[Moved (insertion) [15]

Canada (Breton et al., 2009), Scandinavia (Forsstrom et al., 2015; Kellerman et al., 2015) and Alaska (Cory et al., 2015; h ‘[Moved (insertion) [16]

) W L L JUL

Larouche et al., 2015). Comparing our data from the low Arctic and High Arctic sites to those found in the literature confirms

the strong positive relationship (rtho = 0.85, p <0.05) between DOC and a.pom350 (Fig. S3), indicating the robustness for using

the optical parameter a.pom350 as a proxy for DOC concentration in terrestrial freshwater systems. Compared to DOC

concentrations and cDOM magnitudes of other small Arctic catchments, some of the samples from Cape Bounty show

extremely low values, which reflects the low supply of organic matter due to the low plant abundance in the High Arctic. DOC

and ¢cDOM from Herschel Island are within the range of most studies on Arctic catchments whereas studies at High Arctic

sites with low vegetation cover are underrepresented. However, compared to other reported studies with DOC and ¢cDOM in

the same value range, a.pom350 is slightly depleted that is visible in a lower cDOM to DOC ratio. This can be a result of

stronger photodegradation compared to other sites with eventually more turbid water types, but information on turbidity or

suspended matter is frequently not provided in those studies focusing on DOM dynamics and properties.

Due to snow melt dynamics and active layer development throughout the summer season in Arctic catchments there is also a+ — — *{ Formatted: Justified, Line spacing:
cm, Left

1.5 lines, Tab stops: 0

strong seasonal influence on the DOC to cDOM relationship leading to variability throughout the season and regions (Mannino

et al., 2008; Vantrepotte et al., 2015). Walker et al. (2013) report SUVA for three different flow regimes of the large Arctic
rivers: peakflow (spring freshet), midflow (summer) and baseflow (winter). The SUVA values reported in this study (2.9 + 0.4
L mg! m! for Herschel Island and 2.8 + 1.1 L mg™! m! for Cape Bounty) are higher than the mean mid-flow SUVA for the

five large Arctic rivers (2.4 L mg' m™!), which ranges between 2.0 L mg"' m™! in the Mackenzie River and 2.7 L mg" m! in

also show that a broad range of SUVA as well as S275-295 can be found in small Arctic catchments. This highlights the

Deleted: (less altered) and prone to degradation. The large Arctic
rivers cover approximately half of the Arctic drainage basin, whereas

importance of small rivers and streams for the magnitude of potential modification of DOM before waters are exported in the the other half is covered by smaller catchments. Although the exact

size distribution remains unknown

large rivers or directly to the Arctic Ocean. The ratio of SUVA versus S275-295 values from the large Arctic rivers (Fig. 4a)

falls in the same value range like the ratio values from the catchments of Cape Bounty and Herschel Island. However, SUVA
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values of the large Arctic rivers are in the low value range only reflecting the higher degradation status of the transported / {Deleted' «
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DOM. The results of this study suggest that small Arctic catchments,potentially deliver material that is fresher,and more prone ,~ { Deleted: »
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that leads to a lower potential of Fe(IIl) precipitation compared to Cape Bounty. Catchment properties that influence riverine

pH such as the local lithology may play an important role. In case of alpine and high Arctic catchments with thin or no soil

cover, a bed rock composition of acid rocks in the catchments will lead to lower pH values in surface waters such as it is the

case for Cape Bounty. Whereas surface waters from Herschel Island catchments on glacial moraines and marine sediments are

characterized by higher alkalinity.

6 Conclusion

This study investigates DOM optical properties in Low and High Arctic surface water environments and downstream patterns
with regard to permafrost disturbance and rainfall events. We find that both Arctic locations exhibit a distinct signature of

DOC concentration and acpom350 linked to the differences in vegetation cover and SOCC content. Compared to the High

Arctic (Cape Bounty), DOC and ¢cDOM, in the Low Arctic (Herschel Island) is higher due to the greater abundance of plant - {Deleted: , 8epom350
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Figure 1. Maps of the study area showing (a) the location of Herschel Island and Cape Bounty in the Canadian Arctic including the
Circumpolar Arctic Vegetation Map (CAVM) bioclimatic zones (Walker & Raymond 2016), (b) the studied catchments Ice Creek
West and Ice Creek East on Herschel Island and (c) the studied catchments Boundary River with its subcatchment Robin Creek
(dashed watershed), West River, and East River. The watershed names are indicated with numbers, and the general flow direction
is southwards towards the ocean. Note that samples from flowing water (rivers and streams) are indicated by circles, whereas
samples from standing water (ponds and lakes) are indicated by triangles. Yellow colors mark locations where DOC concentration
and cDOM ts are available, while only DOC concentrations are available at red locations. The background images are
true color mosaics (Herschel Island: WorldView-3 quasi-true color RGB composite, acquired on 8 August 2015; Cape Bounty:
Sentinel-2 quasi-true color RGB composite, acquired on 7 August 2016).
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Figure 3. Absorption of colored dissolved organic matter (¢cDOM) at 350 nm (m™) versus dissolved organic carbon (DOC)
concentration (mg 1) for (a) all sites, (b) sites on Herschel Island depicting the sampling locations Ice Creek West (ICW) upstream,
downstream and ponds, Ice Creek East (ICE) upstream and downstream, and alluvial fan, and (c) sites at Cape Bounty (West River,
East River, Boundary River, Robin Creek). Note that flowing water is indicated by a circle while standing water such as lakes or

5
ponds is indicated by a triangle. The cDOM to DOC relationships are divided in two different groups (c).
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Tables

Table 1. Characteristics of studied watersheds on Herschel Island (Low Arctic) and Cape Bounty (High Arctic) showing catchment

size (km?), channel length (km), circumarctic vegetation map (CAVM) bioclimatic zone (CAVM, 2003), soil organic carbon content
(SOCC) (Hugelius et al., 2013; Ramage et al., 2019) and maximum catchment elevation above sea level (m).

— ’[ Deleted: Soil Organic Carbon content

Socc Maximum
Catchment size Channel length Vegetation zone
Site ¥-30cm/0-100cm _ catchment elevation
(km?) (km) (CAVM) )
(kg m") (m above sea level)
Herschel Island, Low Arctic
Ice Creek West 14 2.2 Subzone D 88
11.4/26.4
Ice Creek East 1.6 1.9 Subzone D 95
Cape Bounty, High Arctic
Boundary River 1525 22.7 Subzone B/C 213
Robin Creek 14.8 5.1 Subzone B/C 151
3.0/10.2
West River 8 A4 42 ¢ SubzoneB/C %4 [ 7{ Deleted: 8
East River 12., 52 Subzone B/C 103
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Table 2. Descriptive statistics (mean + standard deviation) of dissolved organic carbon, DOC (mg I'!), specific ultraviolet absorbance,
SUVA (L mg"' m"), colored dissolved organic matter (¢(DOM) absorption at 350 nm, acom350 (m™), cDOM Slope S275-295 (1073
nm™), slope ratio SR, electrical conductivity EC (uS cm™), pH, and the number (n) of all samples/samples with cDOM absorption
Herschel Island (HE) and Cape Bounty (CB) respectively. The symbols “>” and “<” indicate significant inter-group differences at
the alpha = 0.95 level. When the inter-group differences are significantly different at the alpha = 0.99 level, then they are underlined.
‘When the difference is not significant, “=” is used.

EC bocC SUVA acpom350 Slope 275-295
Site pH SR n

nS em™ mg I Lmg' m' m’ 10° nm™

Herschel Island, Low Arctic

Ice Creek West 1050 +310 8.2+0.2 104+1.5 3.0+£04 16.1+5.4 16.0+0.7 0.83 £0.02 90/82
Ice Creek East 1030 + 340 82402 8.7+1.1 2.7+02 1.1+1.8 173+24 0.90 £0.12 32/32
Alluvial fan 970+ 170 7.8+0.2 9.2+0.9 2.5+04 11.1+1.9 16.3+0.7 0.84 £0.02 8/8
Flowing Water (all) 1040 +310 82402 99+15 29+04 14.5+5.1 16.4+1.5 0.85+0.07 130/122
Standing Water (all) 1440 + 1300 83+0.1 12.3+2.8 29+03 17.0+4.2 17.1+£1.2 0.93 £0.06 4/4
All samples 1050 + 370 82402 10.0+ 1.6 29+04 145+5.1 16.4+1.5 0.85+0.07 134/126
Standing () vs. S~F S~F S>F S~F S~F S=F S>F na
Flowing (F)
Cape Bounty, High Arctic
Boundary River 110+3 7.1+0.0 0.7+0.1 2.8+0.5 1.3+02 13.1+14 1.13 £0.06 3/3
Robin Creek 145+213 7.3 £0.6 1.1+0.3 33+1.8 22+0.8 15.1+£23 1.03 £0.12 712
West River 60+17 6.9+03 25+1.7 3.6+1.4 85+52 11.9+0.8 0.86 +0.10 19/8
East River 141 +22 7.3+0.1 1.5+£04 2.5+0.1 2.1+03 16.1£1.6 0.95 +0.06 4/3
Flowing Water (all) 92 +101 7.0+04 1.9+1.5 32+1.2 55+5.1 13.1+£2.0 0.94+0.13 33/16
Standing Water (all) 210+ 160 7.5+0.6 34+24 24+1.0 54+49 17.4+29 1.14 £0.20 20/12
All samples 137+ 136 72+0.5 25+20 28+1.1 55+49 14.8+3.2 1.02+£0.19 53/28
Standing (S) vs.

S>F S>F S>F S<F S=F S>F S>F n.a.
Flowing (F)
He_all vs. CB_all HE >CB HE >CB HE >CB HE >CB HE >CB na. HE >CB n.a.
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Table 3. Correlation matrix using the Spearman’s rho correlation coefficient between latitude, dissolved organic carbon
concentration (DOC), colored dissolved organic carbon absorption at 350 nm (acpom350), soil organic carbon content (SOCC) in 0-
30 cm and 0-100 cm depth (Hugelius et al. 2014). Significance levels of p <0.05 and p < 0.01 are indicated.

Latitude | apom350 | DOC | SOCC 0-30cm | SOCC 0-100cm
Latitude 1.00 -0.22 -0.13 | -0.19 -0.26
acoom350 1.00 0.85 | 0.26 0.34
DOC 1.00 | 0.53 0.51
SOCC 30cm 1.00 0.71
SOCC 100cm 1.00
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As described in the methods section, some samples formed precipitates inside the bottles in the form of small thin L
flakes., which partly remained in suspension or accumulated at the bottom. All samples were filtered in the field “
through 0.7 um glass fiber filters, and the precipitation occurred after filtration during storage.
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As described in the methods section (3.1), samples showing precipitates in the laboratory were excluded from the
study, even if the absorption values were plausible when compared to the corresponding DOC concentration (Fig
7). At Cape Bounty, this was the case for 25 out of 55 samples.
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. Dissolved iron in terrestrially dominated waters is dominantly complexed with humic and fulvic acids.
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