To the Editor
BioGeoSciences 16 May 2016

Dear Dr . Middelburg:

We thank the reviewers for their thoughtful comments and provide a reply to each of them. We
hope that our revisions further clarify the presentation. As per the instructions, we will not
submit a revised manuscript until we hear from the Editor.

Respectfully submitted,
Catherine Pfister & on behalf of co-authors.

Anonymous Referee #1

Received and published: 22 April 2016

General Comments The authors present a study in which they evaluated the potential
relationship between macrofauna and nitrogen transformation by microbes in rocky intertidal
systems. The authors used 15N tracer addition experiments in tide pools, which they treated as
natural mesocosms, to test the role of mussels and light on microbial nitrogen processing. Rather
than using the traditional method of calculating ammonium, nitrate, and nitrite processing via
the source-product model, the authors used a series of ordinary differential equations (ODE) to
quantify multiple, simultaneous nitrogen transformations. The authors found that mussels
enhanced nearly every nitrogen cycling process measured, and that rates were often further
enhanced in the daytime. They also found that their nitrogen cycling rates calculated via ODE
were always greater than the rates calculated using prior methods, suggesting that the older
method would have significantly underestimated actual rates in this study. Importantly, their
results highlight the significant role that isotope dilution can play in contributing to error in
these calculations, and the ODE model should be used in future studies.

Overall, I think the authors addressed important questions related to isotope tracer methodology
as well as ecology and biogeochemistry that will be of interest to many readers of this journal.
The paper is very well written, and the ODEs and related calculations are explained so clearly. [
am comfortable with the conclusions and support publication of this manuscript with minor
edits, as detailed below. This paper was a pleasure to read.

We thank the reviewer for their time and compliments.

Specific Comments

lines 180-181 It would be helpful to get an idea of how much the value of the multiplier
(2:1 for NH4:NO3 uptake) influences the fits. It’s useful that 2:1 fit the data best, but
does empirical evidence exist for what this rate is in nature? Please clarify.

There is little guidance in the literature for how we might quantitatively model the relative
preference of phototrophs for ammonium versus nitrate in nature. We know that ammonium is
energetically easier to take up and there is evidence that tidepool algae readily take up both. The
ratio of 2:1 ammonium: nitrate uptake we used broadly reflected this knowledge, but also fit the
data well. As an illustration, we present a figure of one tidepool with ammonium enrichment and



show how varying the ratio of u affected the fit of the model to data. This figure is now a new

Appendix A2, shown below.
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ratios did not fit the data as well. Other figure attributes as in Fig 3.

line 437 replace “no” with “not
Done

2

Time in hours

Appendix A2. We show the fit of models (colored lines) to data (points) where we varied the
ratio of u for ammonium uptake versus nitrate uptake for a single tidepool during a daytime,
ammonium enrichment. This representative scenario shows that a 2:1 ratio, where phototrophic
ammonium uptake is twice that of nitrate uptake, was the best fitting model. Greater or lesser

line 476 insert “which” after “transformations”

Done
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Fig. 2 I suggest adding labels to each panel, which you can refer to in the results and
discussion more explicitly. You have this in figure 3, and I don’t think it’s too busy. I also
think changing the legend from “mussel control” just to “mussels” would be clearer.
These are simply stylistic recommendations, but they would have made things a bit
clearer for me.

Revised as suggested, illustrated below and now included in the revised ms.
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Fig. 5 See comments for Fig. 2. Also, what is the purpose for the blue shading? I

suggest just using grey for consistency.

We reworded to ‘mussels’. The blue was to signify that these estimates came from a distinct
model (source-sink). For the ODE model, we used the gray color scheme in Fig 5 and Fig 2.

Table 2 In the caption, you need to add a comma after “p>0.05".
Done

Appendix Al I suggest using the actual time axis (in hours) rather than the categorical axis of
T1, T2, T3, etc. This will more accurately represent 15N dynamics. You have done this already in
Fig. 3.

Revised as suggested, and illustrated below.
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Reviewer 2

Pfister et al. describe an isotope tracer study to unravel N mineralisation and subsequent N
cycling in tidal pools of rocky shores, in which they distinguish amongst the activity of mussels
(and associated microbes), microbes and phototrophs. To interpret the results, the authors
present a new model to account for isotope dilution and continuous N cycling which proves very
useful to recover N transformation rates from the available observations. Although the study is
well designed, the manuscript would benefit from a clearer description of the components in the
system and their interactions that the authors consider. Below I make suggestions to improve the
clarity of the manuscript. Overall however this is a very nice study that deserves to be published
in Biogeosciences.



We thank the reviewer for their close reading of the ms and their compliments. We have revised
the introduction, with consideration of the advice below. We note, however, that rev 1 stated
“The paper is very well written, and the ODEs and related calculations are explained so
clearly”. We thus tried to keep our edits targeted toward reviewer 2’s specific concerns.

Major points:

1. There are many missing references in the literature list, which was quite annoying. Just to
name a few: Worm et al. 2006, Layman et al. 2010, Stief 2013 and Heisterkamp et al. 2013.
Please check whole paper thoroughly.

There were many mistakes in this reference list. Apologies and corrections have been made.

2. The Introduction and the first section of the Materials and Methods should be merged. The
introduction is quite general, with terms such as nitrogen regeneration, remineralisation,
transformation, ‘interacting contributions of microbes and macrobiota’, competition between
phototrophs and fauna-hosted nitrogen-metabolizing microbes and so on. Unfortunately, it
doesn’t get clear in the introduction what the authors are actually studying and which
components of the rocky shore they are targeting. In fact, the clearest part of the ‘intro’ is given
the first section of the Material and Methods section (Lines 111-126), where amongst others
Fig. 1 is introduced. Therefore, I suggest to shorten the Introduction and merge the first part of
the Method section with the Introduction.

As suggested, we have moved the section that introduces the shortcoming of the current
modeling approach and the advantages of ours further up into the introduction. We have also
made edits to the introduction in an attempt to make it more succinct. These edits are located at L
91-109.

3. Potential overlap with Pather et al. 2014. On lines 218-219, it is indicated that detailed
Methods are given in Pather et al. 2014, but it is also important to indicate whether there is data
overlap between the present manuscript and Pather et a. 2014. If so, it should be clarified what
the novelty (apart from the new model) is of the present study.

We have made edits to indicate that Pather et al. 2014 did not explicity quantify microbial
transformations and did not report nitrate enrichment studies. L.224-227.

4. Units of N transformation rates. The rates are presently expressed in L-1, it seems that
transformation rates are actually mediated by the benthos (either mussels or benthic algae
uptake [Line 394-395]. Hence, I suggest to express all rates per m2 instead of per L. Firstly to
standardise for the depth differences among tidepools and secondly to ease comparison of N
cycling rates with other hard- and soft-bottom ecosystems (which I would encourage).

The reviewer makes a good point that the area of the benthos (as well as the species
composition) likely has a strong effect on the rates of nitrogen transformations. We did not
express rates on an areal basis, however, because: 1) All rates in the literature are volumetric and
we wanted to compare to these, and 2) Quantifying the area in terms of benthic components
would have been logistically difficult. We would have needed both 3D mapping and precise
species estimate, and we have neither. Instead, the focus of other research efforts (CAP and MA,



research in progress) is quantifying rates on a per individual and species basis so we can scale
up.

Minor points

1. Line 24: What is meant with “interdependency” here? It would be useful to make a clearer
distinction throughout the manuscript among the microbial components considered: fauna
associated microbes and biofilm/sediment-associated microbes (and phototrophs?). Lines
33-35 would already benefit from a clearer distinction.

Reworded, L34

2. Line 30: The term ‘animal presence’ is unclear here, because do the authors refer to the
activity of fauna (e.g. NH4 release) that influences N cycling or the fact that fauna-associated
microbes are present or both?

It refers to both, L30

3. Line 122: The authors first describe that traditional source-sink models are inadequate in the
present situation (lines 115-120) and then the first model they describe for their study is such a
source-sink model. I suggest to present the new model as (1) and the source-sink model as

(2).

Although we understand the logic here, it was difficult to present the more complicated 6
equation model without first showing the simpler, single equation model. In other words,
presenting how our model was unique was difficult without first presenting what model was
being utilized. We thus left the presentation as it was and hope it is clear to the readers. L143

4. Line 166: change “multiple, simultaneous processes” to “multiple processes simultaneously .
Done.

5. Line 171: The notation of concentration in brackets is awkward. Why not use the common
square brackets for concentrations?
Revised to square brackets.

6. Line 235: I guess the delta values have been converted to atom% (see Line 149) instead of
the 15N/14N ratio. Note that the [15N] is calculated from atom% x nutrient concentration.
Yes.

7. Line 265: briefly describe the methods for nutrient and isotope composition here.
Done. L266-271

8. Line 299: I do not understand the replication in this study. There were 5 tidepools with and 5
tidepools without mussels (Line 220), but I can’t find back how the NH4 and NO3 treatments
were divided over these tidepools. E.g. were the same pools used for day- and nighttime
experimentation, if so, was it checked whether label from earlier experiment was gone?

We added some additional text to clarify that we separated the experiments by 2 days, and
always estimated enrichment and rates based on T, samples. L.240-242.

9. Line 274-277: The authors used the fitting routine modFit to estimate the parameters. Were



the field observations weighed in the model cost to account for the differences in units (and
absolute values)? I.e. any fitting routine penalises deviations between model and data stronger
for variable with high values (e.g. [NH4] is >> [n15Ni], so a model-data deviation for [NH4]
weighs heavier on the model cost as compared to a deviation of [n15Ni]).

We assume that the reviewer is asking whether we weighted our parameter estimates based on
knowledge of variation. We did not. A good weighting scheme would need to account not only
for variance, but also for measurement accuracy. We do not feel that we know these factors
enough to alter our methodology.

10. Line 284-286. The convergence to the same sum of squared deviations (SSD) is indeed a
good indication that the fitting routine found a best parameter set, but it can still be that the
same SSD is reached with different sets of best model parameters. Have the authors also
checked whether also model parameters converged after the fitting?

Yes, we did check this. Because we did 100 random restarts across initial parameter values, we
were able to see whether the model found different parameter sets with the same SSD, and this
was not a typical outcome of solving the equations.

11. Line 299-301. Were stats done on the rate parameters (which are concentration independent,
e.g. u) or on transformation rates (i.e. 2*u*[NH4]).
We performed statistics on the transformation rates.

12. Line 339-343: The percentage calculations discussed here are unclear, please rephrase and
refer to Fig. 1 or the rate parameters.

We now insert text to make it clear how our percentage flux calculations relate to the parameters
in Fig 1. L351.

13. Line 359: So were the ‘concentration-independent’ model parameters compared or the total
nitrogen transformation rates?

We compared the total nitrogen transformation rates, thus resulting in a measure that is nmol N
L'h'.

14. Line 420: ...observation... should be ...observations...

reworded.

15. Line 420-422: unclear sentence (operation of other N processing pathways?), please clarify.
reworded.

16. Line 453-455: Remineralisation rates dropped strongly during the night. Do the authors
have an explanation for this strong reduction? Oxygen and temperature are lower during the
night, but is this sufficient to explain the drop?

The metabolic activity of the animals may slow and thus reduce remineralization. Both lower
oxygen and lower temperature could lead to reduced animal metabolism and decreased

ammonium production. Though we do not know this with certainty, we now suggest the
possibility. L467-468.

17. Line 496: Why do the authors suggest that measurement error is the prime factor for the
observed variability among tidepools?
We did not mean to imply that measurement error has primacy. We mentioned a couple of



factors, including “natural variability in space and time for processes sensitive to species
composition and environmental factors.” We inserted the word ‘both’ on L 510 to help make this
clear.

18. Fig 1. should have 2*u for ammonium uptake u for nitrate uptake as described in the text.
Changed.



