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**Author refers to line numbers in the Track Changes document.** This was a helpful review.
Thank you so much for your time and insight. Your review helped make this a better paper. We feel
it is a big step closer to being publication-worthy.

Review of the manuscript “Trace elements in mussel shells from the Brazor River, Texas...”
The paper addresses environmentally important question potentially suitable for Biogeosciences.
The title is not correct: this work is about Mn essentially, rather than trace elements Many
references are incomplete
Good point. The title is now revised to be more specific to the novel finding of the shell
Mn/Ca-discharge relationship.
L10: does it simply mean that Sr correlated with Mn in shells?
Yes
Introduction: The novelty of this study and motivation behind this work are unclear.
Why river Mn flux is important at all? Indirect assessment of this flux via shells is not the easiest
way...
Good point. Now the novelty is stated on lines 15, 64, 260-265.
Methods: How the samples were processes after dissolution; were they filtered? Was the
dissolution complete?
Now line 101 makes clear that shell sample dissolution was complete in the 2% nitric acid
ICP-MS solutions.
Eqn 1-3: Unclear why this information is needed
The equations have been removed. This frees up space.
Sampling (L149-150): The water samples were not filtered and acidified. As such, metal
concentration (except probably Ca and Sr) in river water could not be measured and distribution
coefficients do not make sense. Moreover, the whole main motivation of this study reconstruction of Mn flux in the river - becomes compromised. As such, the distribution
coefficients oven in Table 3 may not be usable.

Now lines 110-112 clarify that the samples were not acidified immediately but were
brought to 2% nitric for ICP-MS analysis. They were never filtered. While the
VanPlantinga et al. (2017) paper discusses broad relationships between major dissolved

ions that are consistent with our data, there are indeed risks of preservation problems in
this study for the manganese concentration measurements. Therefore the presentation of
dissolved manganese concentrations has been removed. The partition coefficient
estimates for Mn/Ca in this study are given an asterisk in Table 3 where the water Mn
concentration is assumed to be the median value for Brazos River water from a reliable
study, Keeney-Kennicutt and Presley (1986).
Keeney-Kennicutt, W.L. and Presley, B.J.: The geochemistry of trace metals in the Brazos
River estuary. Estuarine, Coastal and Shelf Science, 22(4), pp.459–477, 1986.
VanPlantinga, A.A., Grossman, E.L. and Roark, E.B.: Chemical and isotopic tracer
evaluation of water mixing and evaporation in a dammed Texas river during
drought. River Research and Applications, 33( 3), pp.450–460, 2017.
In Fig 3C, use log scale for discharge. How good is this correlation? What about correlation with
temperature?
Done
L254-259: Another issue is what is Mn concentration in the lake hypolimnion? If the lake is
seasonally stratified, then, during the overturn, the bottom Mn-rich waters can feed the river thus
dramatically increasing the Mn concentration in the river water.
Lines 287-291 now discuss this issue in the “point source theory” part of the discussion.
L257-258: The argument is unclear. In Fig. 3E, Mn/Ca is not inversely related to Sr/Ca. Please
show the relationships.
This section was weak and needed to be revised. Thank you for directing my attention
here.
L270-271: The low flow may provide enhanced Mn2+ input from the riparian and hy- porheic
zone
We now include a reference to the relevant surface-groundwater interaction (Rhodes et
al., 2017), which builds on concepts in VanPlantinga et al. (2017). The tracers for bank
storage (high [Mg2+ + Ca2+ + HCO3-] relative to [Na+ + Cl-]) are prominent during the 1-2
day period following a rain storm, when bank storage quickly discharges. The idea that
the Brazos River is a gaining stream in times of low flow, thus possibly changing the
redox related dissolved ion chemistry such as Mn/Ca, is not supported by these studies.

Rhodes, K.A., Proffitt, T., Rowley, T., Knappett, P.S., Montiel, D., Dimova, N., Tebo,
D. and Miller, G.R.: The importance of bank storage in supplying baseflow to rivers
flowing through compartmentalized, alluvial aquifers. Water Resources Research,

53(12), pp.10539-10557, 2017.

L277: notice here that the maximal suspended load is usually observed at high dis- charge
Yes, you read that correctly. However, there is a big emphasis on inorganic particles,
being at higher concentrations in more turbid conditions which the mussels are less likely
to feed on because this is a strong environmental stressor for them. As our study finds,
the shell Mn/Ca is inversely related to log of discharge, so it cannot be the inorganic
Mn-bearing particles that the mussels are eating.
L288: Chl a of mg/L concentration is really high. May be a misprint here and the concentrations
are in μg/L?
This line now specifies that it is water column chlorophyl in mg x L-3 and benthic
chlorophyll in mg x L-2
L293-295: As a conclusion to section 3.5, this is extremely discouraging. It looks like one cannot
yet discuss the sources of Mn for shells, so this section is useless...
We feel that calling for future research into spatial and temporal scales of manganese flux
in rivers such as the Brazos River is appropriate. The research from Roach (2014)
mentioned in this section gives us a basis to argue our hypothesis that the environmental
Mn is ingested by mussels as organic particle bound Mn.
L312 Owen1996 is not in the ref list
This has been fixed. Thank you.
L325-329: May be place this information in the Introduction. Again, this sentence is very
discouraging: how is it related to particulate case analyzed in this work? What is more important,
according to authors, in Brazes River: physiological mechanisms or environmental factors?
The relative contributions to shell trace element chemistry from physiological factors
such as metabolism, ion channels, reproduction vs. environmental factors such as river
chemistry is the backdrop of this research. The first paragraph of the introduction covers
this issue. I added a “does not necessarily…” here.
Rewrite L 347-348
This sentence in the conclusions has now been revised.
L349-350: This is not sufficiently discussed and the whole story of DMn can be com- promised
by inadequate sampling

The partition coefficient estimates for Mn/Ca in this study are given an asterisk in Table 3
where the water Mn concentration is assumed to be the median value for Brazos River
water from a reliable study, Keeney-Kennicutt and Presley (1986).

Interactive comment on Biogeosciences Discuss., https://doi.org/10.5194/bg-2019-323, 2019.
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**Author refers to line numbers in the Track Changes document.** This was a helpful review.
Thank you so much for your time and insight. Your review helped make this a better paper. We feel
it is a big step closer to being publication-worthy.

Alexander A. VanPlantinga & Ethan L. Grossman prepared an interesting work which aimed to
provide a better understanding of how environmental and biological factors affect the trace
elemental composition in freshwater mussel shells. Yet, my feeling is that the authors may
rephrase the title as proposed before, for example, focusing on the application of freshwater
mussel shell trace elements to retrospective monitoring of riverine discharge. If the structure of
the work went this way, the authors may likely shy away of one of the major flaws of this work –
water samples were not filtered and acidified thereby hindering the reliable calculation of
distribution coefficient. Actually, I think this parameter is not closely related to the story, as there
are already several studies which reported such data even in freshwater bivalve species (Mg, Sr,
Mn as well as Ba). As such, I would urge the authors to consider these suggestions, especially
given that these results are very interesting.

The title has been revised to reflect the novelty and focus of the paper. Now the novelty is
stated on lines 15, 64, and 264.
Now lines 109-112 clarify that the samples were not acidified immediately but were
brought to 2% nitric for ICP-MS analysis. They were never filtered. While the
VanPlantinga et al. (2017) paper discusses broad relationships between major dissolved
ions that are consistent with our data, there are indeed risks of preservation problems in
this study for the manganese concentration measurements. Therefore the presentation of
dissolved manganese concentrations has been removed. The partition coefficient
estimates for Mn/Ca in this study are given an asterisk in Table 3 where the water Mn
concentration is assumed to be the median value for Brazos River water from a reliable
study, Keeney-Kennicutt and Presley (1986).
Keeney-Kennicutt, W.L. and Presley, B.J.: The geochemistry of trace metals in the Brazos
River estuary. Estuarine, Coastal and Shelf Science, 22( 4), pp.459–477, 1986.
VanPlantinga, A.A., Grossman, E.L. and Roark, E.B.: Chemical and isotopic tracer
evaluation of water mixing and evaporation in a dammed Texas river during
drought. River Research and Applications, 33( 3), pp.450–460, 2017.

Several minor comments listed below: Introduction – should be rephrased to give a clear clue of
the work. Line 17, The definition of sclerochronology is not complete, simply referring to
Wikipedia and references therein. Line 56, why did the authors expect a relationship between
Sr/Ca and temperature?
The definition of sclerochronology has been revised. The first paragraph of the
introduction brings up the shell Sr/Ca - temperature relationship observed in many
studies.
Method Lines 99-101, I appreciate that authors are not trying to hide this flaw in the manuscript
but this indeed strongly limits the strength of conclusions.

The water chemistry data has been simplified in Figure 4A and 4B. The corresponding
discussion has been simplified in lines 155-170.
The partition coefficient estimates for Mn/Ca in this study are given an asterisk in Table 3
where the water Mn concentration is assumed to be the median value for Brazos River
water from a reliable study, Keeney-Kennicutt and Presley (1986).
Results & Discussion Lines 142-143, if the authors reported and discussed trace el- emental
concentrations in shells in the form of element-to-calcium ratio (Me/Ca), so please stay
consistent throughout the manuscript. In fact, calcium concentration in bi- valve shells can most
likely be consistent over time. Line 173, in the leading sentence, if you are talking about
“significantly”, “p” value should always be given. Section 3.6, in my opinion, the authors should
devote efforts to discussing the potential of Mn/Ca as an indicator of riverine discharge.
Noted. It has been revised for consistency. The “p” values have been emphasized
throughout, for example lines 200 and 251 and the Figure 4 caption.
Conclusion The leading two sentences are nicely written to give a clear summary of the work. In
line 345, removing Roach et al. (2014).
It has been removed.
Interactive comment on Biogeosciences Discuss., https://doi.org/10.5194/bg-2019-323, 2019
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Review of bg-2019-323: Trace elements in mussel shells from the Brazos River, Texas:
environmental and biological control by VanPlantinga and Grossman
This manuscript describes an investigation to better understand the trace element geo- chemistry
of two freshwater mussel shells collected from the Brazos River TX in 2013. The investigators
serially sampled the inner nacreous layer (INL) and outer ventral mar- gin (VM) of a shell of
specimen of Amblema plicata and Cyrtonaias tampicoensis and they analyzed the carbonate for
Mg, Ca, Sr, Ba and Mn concentration. The data were placed within a temporal framework using
previous oxygen isotope data (VanPlantinga and Grossman, 2018) and compared to other
environmental data (e.g., temperature, water chemistry, water discharge rate) to better
understand the origin(s) of the geo- chemical signatures locked in the shell. The principal
outcome of the study focused on shell Mn/Ca records which correlated inversely with river
discharge allowing for a reconstruction of river discharge patterns. The investigators conclude
that Mn was attained primarily through the ingestion of Mn-bearing particulate organic matter.
This manuscript addresses subject matter that is of general interest to the Biogeo- science
community and it identifies a novel proxy of river discharge in the geochemical record of the
shell. The investigators thoughtfully consider and evaluate the relevant peer reviewed literature
within the context of their study.
The manuscript is relatively well written, although I had some trouble with the PDF because the
figures contained a lot of information that could not be seen easily on a paper copy.
The amount of information provided on shell geochemistry and the various correlations and
comparisons made me feel overwhelmed at times. The Mg, Sr, and Ba records (as well as ï
̨Ad’13Cand CL) appear ancillary at times and it is unclear if they provide meaningful supporting
evidence for the major conclusions of the manuscript.
We agree. The Mg, Sr, and Ba content has been condensed to make room for the focus of
the study.
I recommend that the investigators reconsider what is really needed to support the main
conclusion(s) of their study. This should help to sharpen the take home message of the study. A
more highly focused revision that centers on the Mn records would be valuable to the scientific
community and make a meaningful contribution to the pub- lished literature. Data that may be

excluded from a revision could likely form the basis for separate manuscript(s).
Other comments, identified by line number (L), are provided below: General comment: Each time
a geochemical profile is presented or discussed the investigators should identify whether it is
from the inner nacreous layer or the ventral margin. Sometimes this distinction is clearly made
while at other times it appears ambiguous.
I went back and added some clarification on lines 200, 227, and 251. The real focus is on
the ventral margin, but some comparison between ONL and VM/INL values is offered.
L17: The first sentence that defines the word “sclerochronology” is inaccurate. Sclerochronology is more specific than “... the study of the physical and chemical prop- erties of
invertebrate hard parts...”, it involves the temporal context in which these properties are
considered.
Good catch. Line 21, in the introduction, now has the full definition.
L59: Methods: The physicochemical water sampling procedures need to be explained in greater
detail, or cited properly. This extends to L99-101 where the statement is made that “... water
samples were not filtered and acidified for analysis after months in storage.” The implications of
this unusual sampling strategy should be explained in greater detail. How severely is the Mn data
compromised? How are other elements affected in addition to Mn?
Lines 111, 161, 306-308 now mention the likely fate of sampled dissolved Mn, adsorption
to inorganic particles.

Now lines 110-112 clarify that the samples were not acidified immediately but were
brought to 2% nitric for ICP-MS analysis. They were never filtered. While the
VanPlantinga et al. (2017) paper discusses broad relationships between major dissolved
ions that are consistent with our data, there are indeed risks of preservation problems in
this study for the manganese concentration measurements. Therefore the presentation of
dissolved manganese concentrations has been removed. The partition coefficient
estimates for Mn/Ca in this study are given an asterisk in Table 3 where the water Mn
concentration is assumed to be the median value for Brazos River water from a reliable
study, Keeney-Kennicutt and Presley (1986).
Keeney-Kennicutt, W.L. and Presley, B.J.: The geochemistry of trace metals in the Brazos
River estuary. Estuarine, Coastal and Shelf Science, 22( 4), pp.459–477, 1986.
VanPlantinga, A.A., Grossman, E.L. and Roark, E.B.: Chemical and isotopic tracer
evaluation of water mixing and evaporation in a dammed Texas river during
drought. River Research and Applications, 33(3), pp.450–460, 2017.
L74: Hydrogen isotope compositions are not discussed in the text so a description of
sample/analysis procedures in not warranted. Also, anytime delta notation is used, e.g., ï

̨Ad’18O, the word “value” should follow it.
The hydrogen isotopes mention has been removed.
L90 and L94: It appears the sampling resolution for stable isotopes (60 ï ̨A g) and ICP-MS
analysis (20-160 ï ̨A g) differed. The implications of this should be addressed somewhere in the
text.
The intervals are the same. The stable isotopes and trace element data come from paired
sampling for ICP-MS and IRMS analyses, so in lines 100-102, I clarify this.
L102: Were the CL images taken before or after the sampling of the shell for isotopic and
elemental analysis? The observation of “shadows” should be explained a little better. This could
be done in a better description of the CL imaging in general. What is the ultimate purpose of CL
imaging? It appears the investigators wished to correlate brightness to measured Mn
concentration in the shell. Was the sampling resolution for ICP-MS comparable to the width of
bright and dark bands in the CL images?
The CL images were taken after the micromill samples were taken as now specified in line
113. This is now clarified on lines. CL can theoretically be done independently of the shell
ICP/IRMS analyses by using multiple adjacent thin isomet slices of the shell.
I honestly do not know where the shadows come from. They were a nuisance.
Lines 114-115 now clarify the motive of using CL.
Lines 268-269 now specify the scale as being at a resolution finer than 1mm for the CL
images, comparable with micromilling.
L121: Oxygen isotopes. The first paragraph can be reduced if the manuscript needs to be
shortened.
The equations have been removed.
L146-148: Variance in a data set is independent of the scale over which the data are considered,
e.g., the Mg data set (12 ppb – 20 ppm) is more variable than the Ca dataset (19-83 ppm)
regardless of whether the data are considered on a linear or log scale. Also, reference to Fig. 4
(L148) is for Me/Ca ratios and not absolute concentrations.
The water chemistry plots (now Figures 4A and 4B) now show meaningful trends
attributable to well characterized processes from VanPlantinga et al. (2017) and
Chowdhury et al. (2010). Hopefully this makes the water chemistry discussion easier for
the reader.

Chowdhury A, Osting T, Furnans J, Mathews R.: Groundwater–surface water interaction
in the Brazos River Basin: evidence from lake connection history and chemical and
isotopic compositions: Texas Water Development Board Report, 375 (August):1–61, 2010.

VanPlantinga, A.A., Grossman, E.L. and Roark, E.B.: Chemical and isotopic tracer
evaluation of water mixing and evaporation in a dammed Texas river during
drought. River Research and Applications, 33(3), pp.450–460, 2017.

L155: The word “shell” should proceed the word “growth”.
Done
L162: DMg values reported in Table 3 range from 1-138 (10-3) or 0.001-0.0138, not
“0.001-0.138” as stated in the text.
The orders of magnitude are correct actually. The revised D values for Mg changed
slightly in the new draft because the water chemistry was not being taken from the same
consistent dates for all trace elements. I fixed that. It has no impact on the findings.
L163: “Mg/Ca does not show any [temporal] systematic trend in our water data...”
The word “temporal” has been added.
L190: Sentence starting with “Ba/Ca values...” is redundant given L186 . L211: Vari- ability in
shell Mn/Ca in not reported in Table 1.
Okay. That has been fixed in the process of condensing down the Ba, Sr, and Mg
discussion.
L212: I think the reference should be to “Figure 3B” here and not “Figure 4B”.
Yes, we mixed up Figures 3 and 4 and reversed them again in the forthcoming revisions.
L237: The final statement in the paragraph is introductory and should come earlier in the
manuscript.
The novel inverse Mn/Ca-logQ relationship is highlighted in the revised title and the
introduction in line 64.
L238: The section entitled Cathodoluminescence is too brief. It should be expanded and
integrated better in the text.
The main purpose of the CL discussion paragraph is to point out that the Mn/Ca we
measured represented lattice-bound Mn/Ca rates. It seemed like stating that more than
once would be repetitive.
L260: Is this the only place where the carbon isotope data are discussed except for L184-185?
The carbon isotope data should be integrated more fully in the text, e.g., why are there
correlations between shell growth and Sr/Ca vs ï ̨Ad’13C values?
The vague relationships between shell Mn/Ca, Sr/Ca, and carbon isotopes seen in one

shell or the other suggests a metabolic link, but the fact that it is d13C-Mn/Ca in one shell
and d13C-Sr/Ca in another shell makes it too vague. All I can do is mention the Lake
Whitney - shell d13C relationship from VanPlantinga and Grossman (2018).
L283: Goodwin et al. (2018) is not in the reference list.
Added it.
A general thought about trace elements in shell carbonate that was not discussed: Bender and
Morse (1990) consider distribution coefficients to be phenomenological by nature; they depend a
lot on the aqueous chemistry of the fluids in which carbonate grows and the nature of the solid
phase. They use observations like those reported in Mucci and Morse (1983) who show that
more Sr can substitute into calcite when more Mg resides in the crystal lattice as evidence of
this. Could the possibility exist that biogenic shell aragonite shares a similar fate?
Best of luck, Chris Romanek

Interesting point. I do not really have a great answer. My response would be informed by
Soldati et al. (2016).
Soldati, A.L., Jacob, D.E., Glatzel, P., Swarbrick, J.C. and Geck, J.: Element
substitution by living organisms: the case of manganese in mollusc shell
aragonite. Scientific reports, 6, p.22514, 2016.

