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Reviewer 1: JA Hutchings (Referee) jahutch2@gmail.com Received and published: 21 July
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General Comments: Sanders and co-authors analyzed a core from an Amazon floodplain lake
in order to assess whether the lake’s C accumulation is related to anthropogenic changes in
the region. This manuscript does a good job of introducing the topic and appears to have
performed data collection in an appropriate manner. However, the ultimately analyses of
collected data are lacking, and | recommend the authors to further their exploration of this
data set.

We appreciate the positive feedback. Below we respond to each comment individually.

In particular, additional or alternative plots showing mass accumulation rates as well as
cumulative burial would be welcome.

We agree and have included an excess 2°Pbex) profile vs cumulative dry mass figure (see
Figure 4). We also include additional plots showing the statistical analyses of the major
finding found in this work (see Figure 7).

The authors attribute changes in carbon burial rates to anthropogenic disturbance, but neither
back this claim up in a statistically rigorous manner nor do they seriously (i.e., in a
statistically rigorous manner) consider alternative causes for their burial rate changes. These
problems of data analysis need to be resolved before the merits of this study can be fully
judged.

We agree with the Reviewer, and we have included additional statistical approaches to test
the differences between the peak in OC burial with the periods before and after the
deforestation period, by adding new panels to Figure 7, showing the statistical differences
among these phases. The Figure 7 captions now contain the following: " Panels below each
vertical profile represent respective data grouped by the phases >1934, 1934-1975 and 1975-
2008. Filled square symbols represent means of a given variable in each sediment layer, and
the vertical bars show the mean with the standard deviation of the respective phase. Equal
letters in each panel represent non-significant differences (p > 0.05, one-way ANOVA
followed by Tukey's post test)."

Furthermore we have added the following the Discussion section (Line 272): “The statistical
treatment of variables and OC burial rates, when grouped into different phases,

showed assumptions which required parametric analyses, including normal distribution
(Kolmogorov-Smirnov, p > 0.05) and homogeneity of variance (Bartlett, p > 0.05). Thus, we
used means and standard errors to represent the distribution of values, and parametric tests
were conducted to compare different phases. Statistical differences were tested using the one-
way ANOVA test followed by Tukey's post test (significance was defined as p < 0.05).”



Also, we highlighted that this lake is situated in a region relatively preserved within the
Amazon Forest, and other than deforestation in the margins there has been no disturbance in
the area. To highlight this, we now include the following (Line 302): "The peak of the
significantly greater 53C and lower 8'°N values coupled to higher OC burial rates were
observed in the phase between 1934-1975 in Jupinda Lake (one-way ANOVA followed by
Tukey's post test, p<0.05; Fig. 7). The §*3C values were greater in the 1934-1975 phase as
related to those previous and after respectively (one-way ANOVA followed by Tukey's post
test, p<0.05). This peak between 1934-1975 also showed delta §*°N values lower and OC burial
rates higher than other phases (one-way ANOVA followed by Tukey's post test, p<0.05)."
Specific Comments: Line 213: I am not sure what is meant by ‘important’ here, consider
clarifying or removing.

Response: We agree and “important” was removed and the sentence now reads, Line 231:
“showed a shift towards the center of the sediment core”.

Line 214-216: Given that a much better separation is found between d15N and OC source
(Figure 6), why not regress d15N against the instantaneous C accumulation rate as you did
for d13C in Figure 7?

Response: We agree and 8*°N against OC accumulation panel has been added to this Figure
6.

Line 232-235: This bit about data processing should likely be in the methods.

Response: We agree and have added the follow to Methods section (Line 161): “Organic
carbon accumulation rates were estimated from an average between these the two dating
methods, 23%*24%Py and 21%Pbex the dry bulk density (g cm=) and carbon content for each
interval of the entire sediment core.”

Line 259: Do you have evidence of the ‘silting up’ of this lake? Perhaps in the form of mass
accumulation rates rather than OC, or, alternatively, looking for changes in DBD with depth.

Response: Mass accumulation rates, directly related to changes in DBD with depth, indicate a
change in sediment source. However, this lake is situated in a region relatively preserved in
the Amazon Forest. We now include the following, Line 297: "However, the lake is in a
region relatively preserved, and therefore there is no other explanation other than
deforestation in the margins to have caused the peak in OC burial between 1934 and 1975."

Line 264-272: An ANOVA (or similar approach) would be an appropriate test here to help
put some weight behind this statement.

We agree and tested statistical differences (one-way ANOVA followed by the Tukey's post
test) among phases of sedimentation. Se new Fig 7 and captions. We also have added
information on the statistical analyse throughout the manuscript, including in a sentence
added to the Results section (Line 234): " The significantly greater §*3C peak and lower §'°N
values coupled to higher OC burial rates were observed in the phase between 1934-1975 in
Jupinda Lake (one-way ANOVA followed by Tukey's post test, p<0.05; Fig. 7). The §°C
values were greater in the phase 1934-1975 in relation to those previous and after
respectively (one-way ANOVA followed by Tukey's post test, p<0.05).”



Figures 6 and 7: The C accumulation rates should probably be g/m2/yr, right?

The Reviewer is right and these corrections have been made to Figures 6 and 7 as suggested.

Reviewer 2.

This study investigates changes in organic carbon burial in an Amazonian floodplain lake in
response to deforestation and urban development. The authors conclude that OC burial was
strongly affected by initial deforestation and development close to the river and lake margins,
but not very strongly during later deforestation which took place further away from surface
waters.

We appreciate the Reviewers comments. Below we respond to each comment individually.

OC burial in lakes in an important but understudied carbon flux, and as such, studies like this
are needed, particularly if coming from an understudied area of the world. Also,
methodologically this study seems sound, and the conclusions seem plausible and supported
have, however, one major concern regarding the dating methods and the subsequent
calculation of OC burial rates. The authors use two methods, measurement of plutonium (Pu)
from atmospheric fallout after nuclear bomb testing, and measurement of 210Pb which is a
naturally occurring atmospheric radioisotope. The Pu method returns a sediment depth
corresponding to pre-bomb testing ( ~1950), and therefore an average sediment accumulation
rate since this time. The Pb method, on the other hand, can resolve changes in sediment
accumulation rate over time, if combined with an appropriate model (e.g. the CRS model).
Since OC burial is calculated as sediment accumulation rate * OC content * dry bulk density,
the authors should use the Pb data. Instead, they calculate an average long-term mean
sediment accumulation from the Pu and Pb data, and use this fixed, constant value for
calculation of OC burial over time. It is not correct to present data on the temporal change of
OC burial rates (Figs 6 and 7) that are based on keeping the most important term (sediment
accumulation rate) constant. | would like to encourage the authors to recalculate the OC
burial values based on the Pb chronologies, and also to present these Pb chronologies in a
graph. Alternatively, they should provide arguments as to why their approach is warranted.
Response: We have added a new paragraph to discuss our dating approach, Line 222:
Because the 21°Pbey activities are relatively uniform from the surface to the ~20 cm depth, the
short-term measurements are not possible. However, from the 23%*240py data, one can say with
certainty that the material below 22 cm was deposited pre-bomb (that is, prior to the early
1950s). This affixes an upper limit on the sedimentation accumulation rate (SAR), form 1950
to 2010, to be near 3.8 cm/year. This accretion rate is similar to the 2°Pb rates and we
therefore conclude that the sedimentation rates have not changed significantly during
previous ~120 years.

In the following, I provide some more detailed comments.

87-101 This is the site description, and it should be moved to methods. Instead, elaborate here
more about the ways you think deforestration and exploitation can affect OC burial in lakes,
and mention and cite previous findings on this topic explicitly. Also, it would be good to see
a clearly formulated, testable hypothesis spelled out in the Introduction.

Response: This paragraph has been moved to the methods as suggested and the manuscript
now includes a hypothesis, Line 91: “We hypothesize that the well documented records on



historical deforestation in this region of the Amazon Basin is related to the carbon burial
capacity of the floodplain lakes.”

L115. How was the acidification done? There are papers showing that different acidifi-

cation methods affect the stable isotopic signature differently.

Response: we now include on the acidification, Line 116: “10% HCI following the
procedures outlined in Naidu et al. (2000)”. This procedure is routinely run in our laboratory.
To further demonstrate the precision of the methodology we have added the following , Line
119-122: “Working standards were used (glucose, 10.7 ppt and urea, 41.3 ppt) to calibrate for
d13C. A pair of standards were measured with every 20 samples. These standards were
calibrated initially against international absolute standards LSVEC and NIST8542.”

L 120. What was the motivation to use both Pu and Pb dating methods? Why not Pb alone? It
seems that the Pu method is not suitable for resolving changes in sediment. accumulation rate
over time, which is the purpose of this study. Is the sole purpose of the Pu method to derive
an independent estimate of long-term average accumulation?

Response: Correct, the Pu is used here to substantiate the 2!°Pb dating method. We feel our
sediment dating is more confident using two independent methods.

L194. Fig 43 must be a typo.
Correction made.

L204-206. Unclear what this means, and what the equation describes.

Response: This sentence discusses the bioturbation up to the 20 cm depth and the equation
shows a LN?'%Pbex vs Depth linear regression below the mixed layer. We have added the
following to the manuscript, Line 215: “This indicates that the sedimentation is constant
below the 20 cm depth.”

L217. Were the OC burial rates reported in the paragraph calculated using the CIC or

CRS model on 210Pb data?

Response: An average was taken between the two dating methods, i.e. 4.2 mm yr?, to obtain
a *'%Pp sedimentation rate. The following has been added to the manuscript (Line 218): “In
order to obtain a more reliable estimates of the historical carbon burial rates, an average was
taken between these the two dating methods, 23%*24°Py and ?°Pbex (4 mm year?), and
multiplied by the DBD and OC content for each interval of the entire sediment core.”

L221-225. This sentence is difficult to understand and long. Rephrase, please.

Response: Change made and now reads (Line 245), “In relation to land use/cover in the
surrounding fluvial channels and the Jupinda lake, only the smallest buffer (100 m) showed
significant changes during 1934-1975. This time period is when deforestation was nearly 75%
higher than in the subsequent time period 1975-2008 (Figure 8a) and when OC burial was
greatest ((Figure 8b).”

L228. I do not understand this reasoning. You have calculated 210Pb chronologies,

and the activity profile (Fig.4) does show indications of changes in sediment accumu-

lation rate over time. So why do you use an average long-term accumulation rate,

based on the Pb method and the Pu method (which does not give any resolution in time of
accumulation rate)? Why don’t you trust the Pb chronologies? Using an aver- age long-term
accumulation rate is contrary to the purpose of your study. Here’s also a conceptual flaw: if
you present changes over time in OC burial rate (Figs 6 and 7), which do not account for
changes over time in sediment accumulation rate, then these graphs only reflect changes in
OC content and dry bulk density.



See response above.

L264-267. It is difficult to see this linkage between the buffer zones, time periods and

OC burial rates. Can you think of a way to illustrate these links in a graph?

A new panel to Figure 8 has been added to better show the link between buffer zones, periods
and OC burial rates.

L276-278. This is an important conclusion.
We appreciate this positive feedback.

L283-284. But only concerning long-term average sediment accumulation rates, while the
purpose of this study was to investigate temporal changes of sediment accumulation rate,
which can only be accomplished with the Pb data. This distinction should be made
throughout the ms, and the Pb chronologies using both the CIC and CRS models should be
shown.

See responses above the on the the similar sedimentation rates for different time periods
based on the two independent sediment dating methods presented in this work.

Figs 6 and 7. The axis label should be “OC burial rate”, not just “OC”
Changes made as suggested
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Once again, we thank the Reviewers for these constructive comments. We feel that these
comments significantly strengthened our manuscript.
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